








'P 

'Lj 


LF-EDUCATO 



EDITED BY ARTHUR MEE 



The Chvers are Now Ready. The only propyer covers for the 
Self-Educator are those issued by the Publishers. They are 
the best and cheapest, and are specially designed to make 
refenence easy. Price, including title-page^ and contents table, 


Bind Your Volumes 
Neatly, Cheaply, & Well 

liind th(*ni as ihr\ should Ik! hound — in cases that are 
stroniL;*, artistic, and sj)(*('ially di‘si;4iicd for the publishers 
to oive th(.* corrc'ct linishiiiLy touch to a oreat work. This 
part compl(*t(‘s the first xaiumt! have* it hound NO\\\ 
The publishers' binding' cases can be ol)tain(*d in two styles, 

Handsome 4^ k £* Durable 

Half-Uather Z/D Full Cloth 

Postage 3d. extra in the United Kingdom 

b.ach iL^'ives th(* best iiossibh^ value* lor monev -the fact 
that thety an* made in e‘normous ([uantitie-s e‘nables the 
pubjishers to brin^ llie ]>rie:e^ down te) the lowest mark. 

The SELF-EDUCATOR should be bound on*y in the publishers* covers, which are 
not only the cheapest and best, but are specially designed! to make reference easy. 

The choice of other covers leads to endless confusion. 

• 

IMPORTANT. J//<’ f^nhiislicrs only iJic cascs^ and cannot 

nndcj take to bind the pa / ts toy^cthcr. .Inc httokscllci’ or nciosaiicn ( ndll 
arranye to /lavc that done for ; on. Seven pai ts make np the fn si volnnic. 








6R0 UP 1-$UCCES$ * THE SECRETS OF A ^SU CCESSFUL .UK-CHAPTER* 7 

The Co-operation of Husband and Wife. Early Marriages. 

^ The Necessity for a Large Field of Crfbimon Interest. 

MARRIAGE AND A MAN’S SUCCESS 


I F Vl man’s marriage is to be a direct aid 
to success in life it must give a freer scope 
to his individuality than would otherwise 
be possible ; feu* all true success depends 
primarily on a free play of intellect, 
energy, and character in the midst of 
suitable surroundings. What the man 
does depends on what he is, and on the 
circumstances around him that allow him 
to bring into full use such forc('s as his 
will, intelligence, knowledge, experience, 
and charm. Marriage as an aid to a man’s 
success therefore resolves itself into the 
question : How can it affect a husband’s 
career so that he makes the best of himself? 

Only in doing that can he truly attain 
success. Accumulation of money, the 
vulgar test of success,, may be accom- 
plished by the meanest of mankind. The 
crucial question, in weighing a success, is : 
What has this man done with himself ? 

It must suffice that four ways arc illus- 
trated in which a wife may be an enormous 
help to her husband — in one, or more, or all 
of them — and so enable him to make more 
of himself than would be possible without 
her co-operation. Ix3t us consider them 
for a minute or two without any attempt 
to arrange them in order of importance. 

First, then, marriage may be a line 
stimulus. Not only does love nerve a man 
lor exertion, but it is (piite possible a wife 
may have certain elements of character 
that the husband lacks, and so may con- 
tribute just the heartening and strength- 
ening he needs. From her he may catch 
the energy and persistence without which 
he would become slack. 

Again, a wife can often do more than a 
man towards securing for both such a 
place in society as conduces to success. 
While it is true that many forms of success 
are independent of social surroundings, 
some are not, and a woman often has a 
quicker sense than a man of what is 
needful to hold easily a suitable social 
place. In the whole region of social 
'usage, including tact, manners, dress, 
address, and the fitting out of a man to 
best advantage as far as appearances go, a 


wife is frequently a shrewd observer and 
manager, and indeed is most useful where 
the husband, perhaps because of force and 
self-will, has a contempt for what he 
%*cgarcls as little things. She is a mistress 
of the suitable where he would fail. 

Further, and more essential, she will 
relieve him of a considerable share of 
establishment duties that would be ham- 
pering to him, and that she is more 
competent to fulfil. She should be able to 
stand between him and the tradesman. 
Within limits agreed upon, she is the 
chancellor of the ('xchequer. As bar- 
gainer and manager the average practical 
woman is perhaps superior to the averag(^ 
man, and can relieve him of* a mass of 
petty business if he will give her a free 
hand in a sphere clearly defined as her own. 

Last, it is th(* peculiar province of a wife 
to make for a man such a home as he can 
never hope to make by himself ; to provide 
the place of rest and comfort that will, 
bring refreshment and renewal after the 
work of his day, whatever form it may 
take ; to surround him with the conditions 
under which the timderer side? of his 
nature will flourish ; to bind him, through 
family love, to the gn at family of man as 
business or philosophy* never can. 

Without these various aids from a wife 
how can any man be making the b(‘St ot 
himself ? But the doubter may object, 
what of the other case where tfic wife 
gives no such assistance ? Let it be granted 
that the perfect marriage is the skaightest 
way to the perfect life, but what relation 
has marriage to success when tfic wife is 
not an inspiration, but a drag ; when she is 
not a social recommendation, but becomes 
the more out of place in proportion to her 
husband’s success ; not a wise helpmate, 
but an irresponsiBle squanderer ; not a 
skilful home-maker, but one who causes 
the domestic circle to be a new trial and 
discipline added to life’s hard round ? The 
answer to these questions is clear. Though 
marriage may have a direct and enormous 
bearing on success, it all depends on the 
woman choSen. It may be a losing handi- 
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cap. This being so, if our discussion of 
marriage is practical it must ti^rn on the 
choice of a wife. 

Here, before beginning with advice, a 
root objection to all advice may be 
noticed. It may be doubted whether any- 
body ever takes advice about marriage, 
l^ach goes his own way, yMobably under 
the influence of illusions, but resentful of 
interference ; and moreover, the infinite 
variety of characters and of circumstancci^ 
makes the application of general rules 
unsafe. What might be true for a poor 
man is less true for one better off, and 
perhaps untrue for the rich. For e\am]>le, 
the saying “ A man must ask his wife if he 
may live ” is true to the uttermost of the 
labourer, Init not of those who have 
surplus wealth. Happiness and success in 
marriage depend, further, upon a very 
delicate balance of qualities that outside 
advisers cannot know, or greatly affect. 
Still, though) advice may be less effective 
than those who give it could wish, it must 
not be wholly abandoned, for it may lead 
some to think out for thcMiisolves before- 
hand the salient conditions of married 
life, and help them to make the best of 
their possibilities. 

Approaching marriage first from the 
standpoint of youth, some very interesting 
questions arise. Are youthful engagements 
wise ? Is it well to marry someone known 
from childhood ? Something may be said 
for the steadying effect of an early engage- 
ment, but such fissociations arc often 
formed, and even marriages precipitated, 
long before young people know themselves, 
or each other, or the world. How can 
yneparations for a marriage be wiscl}^ 
made b?jfore a man knows what position 
in life is likely to fill, and therefore 
before he can judge whether a particular 
woman i# suited for acc()my)anying him 
through his ultimate career ? Marrying 
someone known from childhood has the 
probable advjBitage of full knowledge of 
the wife’s family J[iistory, hut it is likely to 
mean a marriage into eicactly the same set 
that the young man started from. That 
may be decidedly conducive to success in 
some cases, as it may be conducive to 
failure in other cases. 

Suppose, for example, a m^in knows he 
will be a farmer all his life, and can may) 
his career in a fairly complete nvay, somc- 
> where between th^ farming of 150 ag*es 
and 400 acr&, then he msiy know very 
well which of the young people among his 
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farmerly acquaintances is likely to make 
him a genuine hely)meet. If he travels 
farther he will in all probability fare worse. 
But the young man who is going forth into 
the world to conquer an unknown future, 
and who will never return to the harbour 
of his childhood after being launched on 
the broad ocean of life, except to ymy a 
visit now and then, had much better start 
free from iho tie of an early engagement. 

The great reason against an early en- 
gagement, and an early marriage, in the 
case of a man who is going to make his 
life a success is that in a successful marriage 
the husband and wife must progress to- 
gether. If one is left behind, in taste and 
competence for position, there may be 
loyalty in the union but there cannot be 
comyfletc success. 

Provided a man knows assuredly what 
his place in life is likely to be, and that 
the woman of his early choice is certain to 
accompany liim always as his equal, there 
are many advantages in a fairly early 
marriage between ])coplc of approxi- 
mately equal ages who have liad time to 
prepare y^ecuniarily for the responsibilities 
of a home. It brings the stress of family 
life at the age when it can be most buoy- 
antly borne. It enables the man and tlio 
woman to face and fight the whole of life’s 
battle together. And it gives the best 
hope of quiet enjoyment of the later stage 
of the long comradeship. 

Supj)ose, then, the suitable- marriage 
made, what arc the essentials and tests 
of its success ? One of the greatest 
essentials is to have many ideals in common 
“ a large intellectual and moral meeting- 
ground where there is a fusion of opinion, 
hope, and effort. Often religion provides 
such a ground ; or that religion of human 
helpfulness which is so much larger and 
more generous than the religion of the 
theologies ; or tlic world of books may be 
a happy meeting-place. Similarity of out- 
look on life is a great bond, and an over- 
whelmingly favourable feature^may be 
found in the possession of a harmoniour 
conception of humour. But while a deep 
sense of life’s incongruities has a rare 
effect in smoothing difficulties of tempera- 
ment, which disappear the moment the 
two people smile together, the marriage 
of people who have antagonistic con- 
ceptions of humour is peculiarly fatal. 
No order of God’s creatures becomes 
quite so intolerable as the industriously 
funfiy man Who is not funny. 



The mutual attitude which tends most 
to happiness, the first step to success, is 
that which always hastens to give the 
first place to the interests of the other, 
and is never jealous of the dignity due to 
self. But however ready husband or wife 
may be to lose personal thoughts in 
thought for the pleasure of the other, 
that self-surrender cannot be applied 
instinctively to opinion as it may be to 
feeling. Personal interest may vanish, 
but judgment will not be so easily disposed 
of. Suppose one thinks, in all seriousness, 
that a certain course is wise, and another 
that it is unwise, then it is not kindness 
to give way. The need for a sleepless 
sensibility arises when such differences 
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tenaciflus judgments should not waive 
their point, and harmony of the mind reign 
as well aS harmony of the afiections. 

But, after all, no wise rules or thought -out 
schemes of behaviour will conquer the dis- 
abilities of such close association as marriage 
must bring, though they may help. The 
only final accommodator between husband 
and wife in the constant interplay of their 
personalities is— love. That alone adds con- 
sent to ease of working in the home ; and 
to content adds ^cst. That alone makes 
marriage not a wise convenience but a 
p>oem. The real tests of a marriage are 
whether the joint life constitutes the central 
])leasurc of life, and whether the pair grow 
dearer to each other the longer life lasts. 
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present themselves, as sooner or later they 
must. For one must give way in judgment, 
and yet give way without surrendering 
personality. How is it to be done ? 

The secret of wise difference in opinion 
between man and wife, with mutual 
surrender, without disunion, is to be 
found in a common-sense division of life's 
affairs into those on which the wifely view 
should predominate and those on which 
the husband presumably knows best. In 
each respective sphere the less experienced, 
while expressing a personal preference, if 
need be, gives way to the other’s judgment, 
and with chivalry and courtesy and humour 
in play there is no reason why the iifbst 


The arrival of children is a complication 
in the success of a marriage, to wluch 
inadequate attention is usually givcui. 
Parents who have never failed in their 
loving loyalty to each other before they 
had children sometimes* fail under the 
new test of caring sufficiently both for 
children and husband, or for children 
and wife. Everything must give way to 
the child -an attitude that is not just to 
the parents and becomes, when persisted 
in, harmful id the highest degree to the 
child. Theg, again, it often happens 
tha^, though one of the parents is wise 
and*^capable irbtlie upbringing of children, 
the other has not that peculiar power, and 
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the result is that, if the less couepetent 
parent does not admit the facts, and in « 
large degree surrender the uplringing of 
the children to the parent who has the gift 
of training, there will be harmful disunion, 
and possibly a ruined family. To be a 
really good mother or father is in truth a 
sheer gift. If neither parent has it, the 
children are bedter reared away from 
home ; if one has it, that one should be 
left in command by the self-controlled 
common sense of the other. The ]xart ot 
an ahectionate and admiring onlooker is 
quite sufficient for the ])arent who has 
not the knack of training children. No 
marriage ('an be counted as contributing 
to true success in life that fails with the 
training of its children. 

It may be objected that we are taking 
too high a standard of marital fe('ling, ami 
that •many successful marriages, both as 
marriages and in their bcciring on the 
husband’s yfe-work, have not begun with 
any great show of sentiment. That is a 
feature which ('annot be denied. There are, 
indeed, countries where the married state 
is rarely the outcome of %trorig personal 
devotion. It is not far removed from 
a business arrangement. That is so in 
France in a very considerable penumtage 
of instances. And yet the level of married 
happin('ss in lu'ance is not \o\w. H(jw 
does that come about ? 

The explanation is one tliat deserves 
attention from those who approach 
marriage undc'r full sail before the some- 
what gusty winds of sentiment. The fact 
is that in a French marriage the partners 
are not animated by the degree of affection 
that becomes (*xacting ancl over-sensitive, 
and ar« therefore prepared to give more 
C(unrnon-s(*rise consideration to the wife, 
or husbmid. than more romantic feelings 
sometimes suggest. They do not (‘xpect 
too* mucti from marriage, and so do not 
court disappointment, and in the end 
they grow into a husbandly and wifely 
affection Jhat is as real as the mature 
love left by Mie Englishman’s more 
impulsive wooing. Tlie French people 
settle down to a partnership of mutual 
lielp which compares with the best type 
of English marriage, and surpasses in 
hopefulness the prospects of those whose 
chief object in marriage is to give and to 
enjoy what is called “ a good time.” This 
momentary ideal shuts out thS long after- 
life wJSbn, in,, any real marriage, duty must 
be the dominating motive of both husband 
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and wife -a motive present from the first 
in the less romantic French marriage. 

Successful marriages exist in a variety 
that is not allowed for by those who judge 
it only from the view-point of a youth- 
ful lover’s sentiments, though that is an 
aspect which no one should undervalue. 
It is quite possible, for example, for a 
marriage to be happy and real, with 
great usefulness, wiien almost everything 
that would be laid down in any set of 
advisory rules is set at defiance, as where 
a husband and wife go separate w'ays, 
with different aims and ideals, and yet 
arc in a sense truly united by a devoted 
attachment. One of the curiosities of 
the married state is that some of the 
most successful of all marriages have been 
entered into between peojile whose intel- 
lectual reciprocity was not specially active. 

The most outstanding examples of this 
hap})iness in diversit}^ were once offered 
to public observation by two great rival 
English political leaders, Lord Beaconsfield 
and Mr. (iladstone. Each of them was 
most happily married, yet there were 
many points on which a strange incon- 
gruity existed ])ctwcen Beaconsfield and his 
wife ; while Mrs. Gladstone illustrated 
almost to pcrffiction the possilnlity of a 
simple, loving, and watchful woman 
Xn*()ving herself an indispensable help- 
meet to a man of wonderful range of 
interest and of mental power, without 
(‘ven remotely approaching him on his 
own plane of intellectuality. Mrs. 
(iladstone was a sweet, gracious, homely 
minister of domesticity, and she was all 
a woman ought to be to her grateful 
husband, while to her lie was ah oracle 
whose word was very truth, whether it 
was within or beyond her range of thought. 

The theorist would probably have given 
Mr. Gladstone a wife of quite a different 
type ; yet their union, lived out in sight 
of the public, seemed almost to give a 
fresh consecration to marriage. Such an 
experience shows that to the man of 
greatest resources quite a simpJe marriage 
union may be an incalculable furtherance 
of success, while tlie less able a man is, so 
long as he is capable of keeping himself 
and a wife in reasonable comfort, the 
more he is likely to find an advantage 
in joint service through life with a suit- 
able woman. The strong man may stand 
alone, though it is better not; the less 
strong is doubly weak without a woman’s 
paiytnership. JOHN DERRY 
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Position, Form, Structure, and Climatic Conditions of our 
Islands. Vegetable, Animal, and MinA'al Productions. 


OUR OWN COUNTRY 


The British Archipelago. Britain, or 
the British Isles, consists of the large island of 
Great Britain — divided into Scotland in the 
north, England and Wales in the south — and the 
smaller island of Ireland lying to the west. 
The least distance between the Scottish and 
Irish coasts is only about 14 miles, the shortest 
regular service is 35 miles, and the mail routes to 
Kingstown, and to Ilosslare about 60 miles. 
Lying of! these two main islands are many 
smaller ones, of which notice the Orkneys and 
Shetlands, lying north of the extreme north -cast 
of Scotland, the Hebrides and other islands 
fringing its west coast, the Isle of Man in the 
middle of the Irish Sea, Anglesey, separated 
from Wales W the nar- 
row Menai Strait, the 
vScilly Isles off the ex- 
treme south-west of 
England, and the Isle of 
Wight of! the South 
Coast, near the middle, 
separated from the main- 
land by the narrow 
straits, of the Solent and 
Spithead. The Channel 
Islands, near French 
waters, are politically, 
though not geographi- 
cally, part of Britain. 

Altogether there are over 
5,000 islands in the 
British Archipelago, 
many of which are mere 
uninhabited rocks. 

The British Seas. 

West of the British Isles 
is the Atlantic Ocean, 
separating them from 
the New World by 
nearly 2,000 miles of 
ocean. Ireland, separated 
from Great Britain by 
shallow Irish Sea, 
which is entered from the Atlantic by the North 
Channel in the north and by St. George’s Channel 
in the south, lies like a breakwater of! the central 
portion of the larger island, shielding half of its 
western coast from the full force of the Atlantic 
storms. The eastern shores of Great Britain 
are washed by the shallow North Sea, which 
opens by the narrow strait of Dover into the 
English Channel. These shallow seas are 
unfortunately dangerous to navigation owing 
to the numerous sunken rocks and sandbanks, 
of which the Goodwin Sands, have perhaps 
the most infamous reputation. The Dogger 
Bank, covered by shallow seas, about 80 miles 
off the Yorkshire coast, is a rich fishing ground. 


much visited by the many fishing fleets from 
the surrounding countries of the North S(*a. 

The British Coasts. Tlie Atlantic 
coasts differ considerably in character from those 
• of the more confined seas. The former are, os a 
rule, rugged, mountainous, and deeply cut into 
fiords and islands. Hero the sea has drowned 
the lower ends of the valleys, partly probably 
through the gradual sinking of the highland areas. 
These deep inlets are called loughs in Ireland, 
and firths or lochs in Scotland. A glance at the 
map shows how characteristic they are of the 
Atlantic coasts, not merely of Britain, but also 
of Norway. The coasts surrounding the con- ^ 
fined SL^as, on the other hand, arc, as we should 
expect, generally low, 
and often sandy, with 
high cliffs only w here the 
highlands • come down 
to the sea. The famous 
white cliffs of the South 
(’oast, dear to the wan- 
derer homew’ard bound, 
are the edge of the 
low chalk heights of 
southern England. The 
rivers fi owing to the i 
shallow seas from long 
estuaries are quite 
different in scenery and 
mode of formation from 
the fiords of the Atlantic 
coast [63], though on a 
map they look very 
similar. 

The coasts, therefore, 
both of the Atlantic and 
of the shallow sciis, are 
deeply penetrated by 
water, so much so that 
no place in the British 
Isles is 100 lliiles from 
the nearest sea [64]. 
The deep esttaries w*nd 
far into the land, permitting ocean-going ships to 
discharge their goods almost in the heart of the 
country. • 

There is a remarkable thouglk accidental 
symmetry in the situation eff some of the more 
important of these openings, which are arranged, 
as it were, in pairs. In the South of Scotland 
the head of the Firth of Clyde on the west is 
only about 25 miles distant from the head of the 
Firth of Forth on the east. Similar pairs are 
the Mersey and Humber, about 80 miles apart, 
and the Severft and Thames, 100 miU's apart. 
Communication between the eastern and western 
seas by ship ?janal would consequently not be a 
very difficult matter. • ^ • 
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Position of Britain in Relation to 
the Continent. Britain is a fragment of 
the mainland of Europe, cut off from France, 
her nearest Continental n^»ighboiy:, by the sub- 
mergence of the Calais-Dover isthmus. The 
shores of Franco are clearly seen gfrom Dover, 
which is only 22 miles from Calais. Note also 
(1) that the estuary df the Itchip, or Southamp- 
ton Water, is opposite the estuary of the Seine in 
northern France, from which it is just over 
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100 miles distant ; (2) that the estuaries of the 
Thames and Stour on the east coast of England 
are exactly opposite the mouths of the Rhine 
on the opposite coast of the North Sea, at ap- 
proximately the same distance ; and (3) that the 
estuary of the Humber further north on the 
east coast of Britain is oppasite the estuary of the 
Elbe in Germany, though in this case the dis- 
tance is not far under 400 miles. Britain, there- 
fore, is insulated, but not isolated, as has been 






wittily said. Her island position protects her 
against invasiqn by land, and saves her many 
costly military burdens. On the other hand, the 
warder seas are not too broad for her to keep in 
touch with the march of civilisation and ideas in 
Europe. 

Bridgini^ the Seas. The estuaries which 
help communication by sea impede it by land. 
Some of these have therefore been bridged, 
and others tunnelled. In Scotland the estuary 
of the Tay is bridged at Dundee by the Tay 
Bridge, over two miles long. Further south the 
towering Forth Bridge, l| miles long, unites 
the opposite shores of the Forth. The Mcnai 
Bridge connects Anglesey with the mainland. 
The Severn and Thames are both bridged and 
tunnelled. Various schemes are suggested for 
uniting the two sides of the English Channel. 
Of these a channel ferry is probably the most 
feasible. 

An Imaginary Map of Britain. If the 

sea round the British Isles were to rise 600 feet, 
the present islands of Great Britain and Ireland 
would bo transformed into an archipelago of 
many islands, large and small, most of them very 
irregular in surface. These islands would 
represent those parts of Britain at present 
more than 600 foot above sea-level. The seas 
separating them would represent the parts 
at present less than 600 feet below sea-lcvel. 
Fig. 87 shows what the now map of the British 
Isles would look like. Beginning in the nortli 
we should have, where Scotland used to be, 
two large islands separated by a long, very 
narrow strait. These would represent the 
North-western and Grampian Highlands re- 
spectively, and might bo called North Islanil 
and Grampian Island. The long, narrow 
strait between — a mere silver streak — would 
represent Glenmore — the Great Glen — the long, 
narrow valley at present filled by a chain of 
lakes connected by the Caledonian Canal [651. 
South of Grampian Island a stretch of broader 
sea, in places nearly 50 miles wide, covering 
the broad valley which has been riven by move- 
ments of the earth’s crust between the moun- 
tains on either side, would be studded by 
islands representing the Campsie Fells, the 
Ochila, and others. In the east a long, narrow 
island, representing the Sidlaw Hills, would 
be separated from Grampian Island by a 
broadish strait repesenting the present vale of 
Strathmore. Still further south the mountains 
of southern Scotland, the Southern Uplands, 
would form a large, irregular island, separated 
from islands representing the northern uplands 
of England, by a narrow strait similar to that 
of Glenmore, and representing the present 
Eden and Tyne valleys. 

Imaginary Islands. The northernmost 
of these English islands, North Pennine 
Island, representing the mountains of Cumber- 
land and Westmorland, and the Northern 
Pennines, would be cut by deep arms of 
the sea, representing the Eden and Luno valleys. 
An extremely narrow strait, corresponding to 
the valley of the Aire, would separate North 
from South Pennine Island. Off these, ^ the 
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fcast, separated by a broad strait covering the 
present vale of York, would lie a group of islands 
representing the Yorkshire Moors and Wolds, 
while off the south-west would bo a largo 
compact island, representing the Cambrian 
Highlands of Wales, separated from the South 
Pennine Island by a broad strait covering the 
present counties of Lancashire and Cheshire. 
South of the Island of Cambria, and separated 
from it by seas somewhat broader than the 
present Bristol Channel, would rise islands 
• representing Exmoor, Dartmoor, Bodmin Moor, 
and other heights of Devon and (>)mwall. 

Eastern Heights. The islands in tlio seas 
to the cast of these islands —c^ast of a lino drawn 
on our present maps from the mouth of the Exe in 
Devon to the mouth of the Tecs in Northumber- 
land — would bo small and far apart; while east 
of a lino drawn from the head of the Humber 
estuary to the head of the Thames estuary 
solitary islets w'ould represent the hills of 
Norfolk. Most of the islands of what we may 
call the English Archipelago would lie in roughly 
parallel lines, running from south-west to north - 
t'ast. Tlio most northerly of these eliains of 
islands would represent the height^, often rising 
steeply from the plain, which separate the 
basin of the Severn to the west from that of the 
Thfimes to the east, the highest being the 
Mendip Hills of#Som(‘rset, and the Cotswolds 
of Gloucestershire. The next chain, with their 
chalk cliffs, would repn‘sent the chalk heights 
of Dorset and Wilts, theChiltem Hills, and the 
heights of Bedfordshire and Cambridgeshire, 
while many of the straits between them would 
correspond with the valleys of the Thames and 
its tributaries. A crescent-shaped group of 
small islands still further south, also with chalk 
cliffs, would rei)resent tlie present North and 
South Downs. 

In Ireland we should have two archipelagoes 
of islands of no great sizf>, separated from each 
other by a Midland Sea at least 60 miles wide, 
unbroken by islands except in the west. The 
Northern Archipelago would include the moun- 
tains of Ulster and Northern Comiaught, the 
Midland Sea would represent the •midland 
plain, of which a line drawn from Dublin Bay 
to Galway Bay is approximately (h8 southern 
boundary, while the islands of the Southern 
Archipelago would represent the m^untai^s of 
Munster and South Leinster. 

The Actual Map of Britain. Com- 
paring this map with the present relief map 
of Britain wo see that Great Britain, the larger 
island, consists of two ver^ different portions 
divided from each ^ther by a diagonal line 
running from south-west to north-east. North 
and west of this Exc-Tees lino lies a highland 
region, with few lowlands. South and east of 
the Exe-Toes line is a lowland region, -vvith few 
highlands. Tlie highland region consists of 
older, harder rocks, and is related in structure 
to the mountains of Scandinavia. The lowland 
region is forffied of younger, softer rocks, which 
ba^o been worn away ovaer a largo part of its 
area, leaving the three lines of heights already 
mentioned. Tliis part of Groat Britain is akin 
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65. THE BRlTJSJr ISLES SUBMERGED TO A DEPTJf OF 6C0 FEET. 

Tlio uctii.il coastline funiis the 100-futhom dopth-linc, or cilgt- of the Continental shelf. 


to the neighbouring inainlHnd, and forms part 
of the Europ(^an lt»\yland. Ireland is a plain 
diversified by hcigllts, jfnd not a highland 
region divisified by lowlands. 

The Lowlands of Scotland. We 
must now notiee more in detail the position of 
the lowlands, for in these the population of 
the country is concentrated. Observe how the 
north-west of Scotland and the ffdjaccnt islands 
are almost entirely highland. There are 
lowlands in Lewis, the largest Aland of the 
Hebrides, in Islay, Arran, and others ; but on 
the west coasf of the mainland!' as far south as 
the Firth of Clyde, the mountains come right 
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down to the sea. In the oast are the small 
lowland of Caithness in the far iSorth and a 
narrow coastal lowland which runs almost 
unbroken south round the Moray Firth, and 
widens in Elgin and Banff to the lowland of 
North Aberdeenshire, with its group of busy 
towns. The area of these small lowlands is 
inconsiderable compared with the great compact 
mass of the highlands. In such a country, 
therefore, consider the value of the natural 
rift of Glenmore, which affords a unique means 
of communication between east and west. 
Equally clear is the importance of the Tay 
vallby, which comiects the Highlands with the 
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Midland Plain of Scotland, where the population 
of the country is conoentraicd. In this plain, 
which extends, broken by numerous heights, 
from the estuary of the Clyde to the estuary of 
the Forth, lie, as we should expect, almost all 
the important towns of the country. 

To the south of it the Southern Uplands widen 
out again, with coastal lowlands in the east 
and west. The eastern lowland narrows a bru pt ly 
where first the Pentlands and then the Lam- 
mermuirs approach the sea, making Edinburgh, 
at the base of the Pentlands, the key of Scot- 
land, and Dunbar, at the base of the Lam- 
mermuirs, the key of Edinburgh. The Cheviot 
Hills connect the Southern I'plands with the 
Northern Uplands of England. Throughout 
this region the lowlands arc chiefly associated 
with the river valleys. Notice the importance 
of these means of communication. The valleys of 
Annan and Clyde provide a direct route to the 
north ; the Tweed valley — the only populous 
part of the southern uplands — opens up the 
country fi'ora cast to west ; and a route to the 
south is aft‘ord('d by tljc valleys of the Teviot, 
a tributary of the Tweed, and of the laddel, 
flowing to Solway Firth. 

The Lowlands of England and 
Wales. The 1 Vne valley — or the Tyne gap, 
as it is often called — is a route between east and 
west, between the Cheviots and the Pennines. 
Notice also the Eden lowland in the west, 
driven like a wedge between Ukj Pennines and 
the Cumbrian mountains of Cumberland and 
Westmorland, and its importance as a rouU\ 
The lowland of York, (‘ast of the Pennines, is 
drained by the Ouse and its tributaries, one of 
which, the Aire, divides the Northern from 
the Southern Pennines. The Aire gap, like the 
Tyne gap, is all important as a route between 
the lowlands east and west of the Pennines. 
West of tlio Southern Pennines, the Cheshire 
plain between the Pennines and the Welsh 
mountains opens from the central plain to the 
Irish Sea exactly opposite the Midland Plain of 
Ireland. ; It is consequently the most direct 
route between the capital of England and the 
capital of Ireland, Wales has a coastal lowland 
continuous with the Cheshire plain, narrow in 
.the north, and west, hut broadening out in the 
south along the northern shores of the Bristol 
Channel. Towns and routes in Wales are 
chiefly in this coastal lowland and the valleys 
opening to it. The southern lowland of Wales 
opens by the Severn valley to the plain of 
England, the northern part of which is drained 
by the Trent, flowing to the Humber, and by a 
number of rivers flowing to the Wash, of which 
the Great Ouse may 1 m? noted. The southern 
portion of the plain, which is broken by numerous 
heights, is drained by the Thames and its tribu- 
taries, and by smaller rivers flowing to the North 
Sea and the English Channel. 

The Lowlands of Ireland. In Ire- 
land the Midland Plain is the chief lowiand, 
running east and west across the country. 
The other lowlands run for the most part north 
and south, following the direction of the ri\prs. 
In the north the lowlands of the Foyle and 


^rne separate the mountains of Donegal and 
Sligo on yie w'est from the central heights. 
Further east, betw^een these and the Antrim 
and Mourne mountains, are the lowlands 
drained by the Black water and the Bann. In 
the west the Shannon, a river of the plain, 
cuts its way between the mountains of 
Tipjierary aiul those of (Jahvay and Clare, 
much as the Thames has done across the chalk 
heights of aouth(‘rn England. Look out in 
the map the lowlands of the Blaekwater, east 
•of the Keiry mountains of southern Ireland, 
the extensive lowiands draiiual by the Bairow 
and its tributaries, wiiieh separate? the central 
heights of .southcM-n InOand from the? Wicklow 
mountains, and the lowlands south of these*, 
drained by the Slaney. 

Climate of the British Isles. Our 

climate is greatly influenced hy the proximity 
of all parts of our islands to the* se*a, a circum- 
stance which makes our winters mild and our 
summers cool. The average, or mean annual 
temi)eraturo of the lowlands of England and 
Ireland is oveT 4S" while in the* Le)wer Thames 
valley, re)imd the south coast of England, and 
in the low lands of Cornwall and •Devon, it is 
over .W E. The? January and tfuly isotherms — 
?.e., lines connecting places of the* same average* 
temperature* in summer and winter respectively 
— remind us in mflny ways e)f the coiTt*spoTKling 
isotherm.s for the* (^emtineni [66J. In Janiuiry 
the line's run, on the* whole, north anei senitli, 
independently, that is, of the lines of latitude; 
in July they run, on the* whole, east and w est. 

Winter Temperature. Taking the 
British isotherms for January, we notie-e* at once* 
the remarkable difliTeneo.s between east ari'l 
west. The line* for 44 F. e*uts the oxtre'me west 
of Southeiii Irelanel and (Vanwall. These* 
parts of e)ur islands are (U warmer in winter than 
the coldest parts of the east coast of Ore*at 
Britain. The line for 42'" is, em the whole, paralle*!, 
but it- takes an upw ard bend over the St. George*’s 
(.’hannel, for the sea is wanner than the* land in 
w'inte?r. The rest of Ireland has a temperature* 
of 40”, but in Groat Britain the only \>arts which 
are equally warm are the extreme* west* e)f Scot- 
land, Wales, and that small part of England 
which lies west of a line drawn from tf!e head e)f 
the Bristol Channel to Southampton Water, 
llie rest of Great Britain has a January temj)f*ra- 
ture of under 40”. The (‘eddest parts everywhere 
when height is left out of account, are all in the 
east, with a temj)erature of 38” of unde*r. Notice 
that the eastern counties, from the •Humber to 
the Thames, are jus cold as tb^counties round the 
Moray Firth, althou^i they are much further 
south. The extreme north-west of Scotland 
is warmer than the extreme south-east of 
England. This show's that the distribution of 
winter temperature is largely independent of 
latitude. Tlie all-important factor is the pre- 
valence of westerly or south-westerly winds, 
which have |j/cen warmed by passing over the 
surface of the Atlantic Ocean. They reach our 
western shores as warm wifids, bujb as they pass 
east over the laifd they gradually become cooled 
by contact with its cold surface. Hence the 
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eastern parts of the British islands are markedlji 
colder than the western parts. ^ 

Summer Temperature. In summer the 
case is reversed. The Lower Thames basin, 
which was one of the coldest regions in January, 
is the hottest part of Britain in July, with a 
temperaturo of 64°. The rest of the English 
])Iain. except round the coast, has a temperaturo 
of 62®. The line for 60° includes the south- 
eastern comer of Ireland, the whole of Wales, 
and most of northern England. The lino of 58° 
almost coincides with tho north coast of Ireland, • 
and follows the west coast of Scotland for a 


considerable distance, curving gradually inland 
to tho east^coast near Aberdeen. North of this 
line the lin(is for 56° and ^55° are nearly parallel 
to each other. Only tho Orkneys and Shetlands 
have a summer temperaturo below 55° E. In 
summer, therefore, the east is hotter than the 
West, but the south is hotter than the north. 
The* relative coolness of the wOvSt is, of course, 
explained by the influence of thq, Atlantic winds, 
tut we see that their influcnco is much leas 
marked than in winter, when th«y blow more 
strongly and steadily. 

Advanta^a of the Briliah Climate. ' 

Our great clinmtio advantage is our mild, winter. 
Britain lies far west of the isotherm of- 32° F., 
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the freezing point. Except on the highest hills, 
even in the coldest parts of our - islands pro- 
tracted frosts seldom occur, and the check to 
vegetation is not very considerable. Our ports 
are ico-free all tho year round, and our inland 
waterways seldom frozen. Our summers, though 
never oppressively hot, are warm enough — 
except in the extreme north — to bring wheat 
and many fruits to perfection. 

Diatribution of Rain. The proximity of 
tbo Atlantic influences our rainfall no less than 
our summer heat and our winter cold. The 
winds which blow from that ocean — and they 
blow on an average for two out 
of three days — aro loaded with 
moisture when they reach our 
western shores. As they blow 
air tho year round, we have rain 
all the year round ; but they are 
strongest and steadiest in winter, 
which is our wettest season. As 
we should expect, tho west Ls 
wetter than the east [67]. Had tho 
highlands of Britain lain to tho 
cast iastead of to tho west, tho 
diflorence in tho rainfall of east 
and west would have been much 
less marked than at present. 
As it is, tho highlands lie full in 
the track of the rainy winds, 
which part with most of their 
moisture on tho windward slopes. 
Tho wettest parts of tho British 
Isles arc the Connemara and 
Kerry mountains in tho west of 
Ireland, which have over 60 in. 
of rain in a year, tho highlands 
of Scotland, and the mountains 
of Cumberland, Wales, and 
(bniwalJ. Tho plain of England 
has a rainfall of under .30 inches. 

It is interesting to compare 
tho rainfall map of Britain with 
the temperature map for July. 
Wc see that the regions with the 
hottest summers are, on the 
whole, the driest parts of the 
country, while tho wettest dis- 
tricts have the coolest summers. 
Tho effect of this on agriculture 
is very important. If the sum- 
mers in the English plain wore 
wet, neither cereals, hay, nor 
fruit would come to perfection. The western high- 
lands intercept just enough of the itin to provide 
almost ideal agricultural conditions in the 
eastern lowlands. Had the lowlands lain in tho 
west, Great Britain would have been in tho 
main a pastoral country, with a less dense 
population than at present. 

Storms, Cyclones, and Anticyclones, 
Destructive storms frequently visit oxir coasts, 
especially in autumn and winter. The first 
sign of their approach is generally the tell 
of the barometer. ' This shows a diminution 
pf atmospheric pressure when an area of low 
preiisure, or an atmospherio depresdon, as it is 
called, is moving towards our islands. Those 




depressions usually come from the west— very 
rarely, indeed, from the opposite direction. As 
the depression moves onward, air is drawn in 
from all sides from regions of the atmosphero 
which are at a liigiior pressure, producing violent 
gales, blowing from all directions spirally inwards 
to the centre of the low-pressure area, which 
itself remains calm. If the depression is a large 
one, these gales may last for several days, 
gradually decreasing in violence «s the atmo- 
spheric pressure is equalised. Such a moving 
system of winds blowing inward toward a calm 
centre is called a cyclone. 

In winter, when the temperature conditions 
on which the distribution of atmospheric pres- 
sure partly depends arc most unequal over the 
Northern Hemisphere, eyclone 
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these figures, wo should conclude that the relation 
between agricultural and grazing land de]iends 
chietly on me distribution of relief, the lowlands 
being agricultural and the highlands ]xistoral. 
And this is quite true. It is true, however, 
largely because the highlands are wetter, as we 
may see by comi)aring the figures for Scotland 
and Ireland, which differ greatly in relief. For 
the same reason, we find a difference even in the 
lowlands of England, agriculture luring moie 
important in the drier east than it can possifiiy 
4)0 in tho wetter west country. 

Soils. Tho distribution of agriculture no 
doubt depends also on soil, and this again on tlui 
character of tho uiid(‘rlying rocks. We saw that 
the highlands of Britain consist of old and voiy 


after oyclouo may occur for 
many we<‘ks. When the track 
of the centre of tho eyclone 
lies north of our islands, the 
winds over the British Isles 
blow from the south or west, 
and the weather, though wet and 
• stormy, is mild. Jf the storm 
centre is moving south of our 
islands, we are swept by icy 
gales from the north or cast. 

In an milkyclone the con- 
ditions are reversed. The winds 
then blow outwards from a calm 
centre of high ])resHure toward 
regions of lowc'r pressure. When 
ani icy clomps occur in winter our 
weather is usually fine, but in- 
b'lisely cold, owing to th(‘ loss 
of heat by radiation in the 
calm, cloudless nights ; on the 
other hand, wh(*n they occur in 
summer, our W(*ather is generally 
calm, warm, and hazy. 

Vegetation. Britain lies 
naturally in tho temperat*^ forest 
area. The w^hole of tho low- 
lands were once covered with 
dense forests, composed in tho 
south of oak, elm, and b(‘ 0 ch, 
mixed with conifers in the north. 
Traces of this vanished mantle 
of forest remain in such patches 
as Epping Forest or the Forest 
of Dean, and in such names as 
Ettrick Forest or Sherwood 
Forest. Today only about four 
per cent, of Britain is woofl- 
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land ; 50 per cent, is in croj)s or grass ; 30 [ler 
cent, is grazing land, and the remainder con- 
sists of mountains, water, and roads. Agricul- 
tural land is found chiefly in England and Wales, 
of which three-quarters and three-tifths respec- 
tfvely are under cultivation. In Scotland and 
Ireland only about one-quarter, is cultivated, 
and grazing is much more important, employing 
one-half of the total acreage of both. In 
England less than one-tenth is grazing land, and 
in Wales only one- quarter serves this purpose. 
Taking Great Britain only, and examimng 


hard rocks, which weSther slowly, forming but 
little soil, most of which the rivers carry down to 
the plains. Where the rocks are softer the soil 
is much deeper, and of a very mixed charaofi^r, 
consisting not merely of the waste of the rocks 
immediately below, but also of rock-waste of 
many different •kinds brought down by rivers 
and by tlie l^ng-vanished glaciers which once 
covered a great part of our islands. [Keo 
GEOLOGY; The “Ice Age.*’] Tl^ local varia- 
tions arc, ncverfflieless, very great, and every 
eye detects the difference, for example, between 
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the white soils of the chalk districts of ^ussox,^ 
or of the limestone districts of Gloucestershire, 
and the rich red earth of the sandstotio districts 
of South Devon. 

Chief , Crops. The chief crops are cereals. 
Wheat and barley are grown in the soutli-caatcm 
counties, and in the oast of tlie midland plain of 
Scotland. Oats and barley are grown on the 
poorer, higher, or more northerly soils. Root 
crops arc cultivated everywhere, but less on the 
best soils. Potatoes are important in the higher 
and wetter agricultural districts, and are tho^ 
staple croj) in 
Ireland. 


Hops 

arc grown in 
Worcestershire 
and the southern 
counties, those of 
Kent being speci- 
ally f a m o s . 

Fruit is less grown 
than it should bo, 
especially by the 
peasantry, who 
thereby miss a 
source of profit. 

Apple orchards 
and fruit farms 
are important in 
the R 0 u t h (U’ n 
counties, particu- 
larly in Kent, 

Devon, and the 
Severn basin. 

Flax is grown in 
the north -cast of 
Ireland, but not 
so commonly as 
30 years ago. 

Many \\ s o f u 
crops, such as the 
sugar b(‘ 0 t, are 
rarely grown. 

English agricul- 
ture, as a whole, 
has suffered from 
our land system, 
the lack of tech- 
nical cd\ication, 
and tlio reluet- 
anoe to adopt the 
c 0 - o p e r a t i v o 
methods which 
ensure success in 
other countries. 

The Pasture 
Lands. Those 
are of two kinds 
— the moist water-meadows 


Stitute MiIm, 

so 

■I Coatfimas.meMlnffooo/- 
matsares at swiice an^ 
ovarlam tymer racks . . 

O iron-mtim ThesifaeftM] 
cirxta foagMf indicates 
ttia output ' 



COAL AND IRON HELDS OF GREAT BRITAIN 


There A’e workable seams of coal in tlio carboniferous limestone and mill- 
stone grit of Scotland, but these areas are not shown in this map. 


of the lowlands 
of western England and Ireland, which arc suit- 
able for the finest breeds of cattle, and the 
poorer, less succulent pastures of the uplands or 
highlands, which are not rich eifougli for cattle, 
but suit sheep. Broadly speaking, cattle are 
fed in the lowlands and sheep on tno hills. 

Cattle are j^red both for beef and for dairy' 
purpose, the latter requiting the richer 
pasture. The Shorthorn breed is suitable for 


both purposes. Ayrshire cattle, and the breeds 
named from Jersey, Guernsey, and Alderney, 
are primarily dairy cattle. 

In England cattle arc most numerous round 
the western base of the Pennines — in Lanewhire, 
Cheshire, and Staffordshire, in Leicestershire, in 
the Midlands, in Somerset, Devon (famous for its 
Devonshire cream), and Cornwall. Pembroke- 
shire is the chief cattle-raising county in Wales. 
In Scotland cattle arc chiefly bred for beef, and 
are numerous only in the midland plain, large 
numbers being imported from Ireland to be 

fattened for the 
London market 
In Ireland the 
chief grazing 
counties are Gal- 
way, Limerick, 
M 0 a t h , and 
Dublin. A large 
quantity of butter . 
and other dairy 
produce is- ex- 
ported to Eng- 
land. The keep- 
ing of pigs is 
generally associ- 
ated with dairy 
farming, and 
dairy-fed pork 
and bacon are 
highly esteemed. 

Sheep Farm- 
ing, English 
wool has been 
famous for cen- 
turies, and sheep 
farming has long 
been important. 
Sheep arc kept 
on tho liill pas- 
tures in all parts 
of tho British 
Isles, but are 
more important 
in Great Britain 
than in Ireland. 
Most of the good 
breeds supply 
both mutton and 
wool, but more 
attention is paid 
to the quality of 
the wool in tho 
east, and to the 
quauty of the 
mutton in tho 
west. The chief 


sheep-farming districts are the chalk downs of 
England, tho Welsh highlands, and the southern 
uplands of Scotland, particularly the Tweed 
valley. In Ireland most sheep are found in 
Carlow, Wicklow, and Galway. 

Horse Breeding, Horses require better 
pasture than sheep, and less rich pasture than 
cattle. They can therefore be kept in districts 
which are too dry for cattle. Most of the famous 
breeds belong to the eastern counties — York- 




shire, Norfolk, Suffolk, Cambridge, and Hunting- 
don. In Scotland the eastern counties of Fife 
and Linlithgow are the most important. In 
Ireland, Dublin, Down, Wexford, and Louth 
breed most horses. 

Fisheries. The shallow seas surrounding 
Britain, and particularly those off the oast 
coasts, arc rich in fish. The Dogger Bank, in the 
North Sea, is one of the richest fishing-grounds 
in the world, especially for cod and flat tish. The 
herring fishery is important round the eastern 
coasts of Britain, following the movements of the 
herring, which migrate southwards as the year 
advances. Pilchards are (^aught in th<* Cornish 
waters. The oyster fishery is important off the 
Ofistern coast of England. 

Minerals and Metals. Many of the 
rocks which compose the crust of tlie earth 

arc of use ; granite, for instance, is much 

q\iarri(*d for building round Aberdeen. 'JMie 

various sandstones and liuu'stonos also make 
good building stones, and limestone is burned 
for Htuo. Elates arc* quarried in the mountains 
of Wales, Cumberland, and the north of England 
generally. Some rocks, like tbos(‘ of (^uthnt'ss, 
are used for paving ; others, like those of Port- 
land. for cement. : and new uses are frequently 
discovered. In recent years a quarry near 
Oxford has furnished material for a famous 

polisliing soap. In the plains, clay is used for 
making bricks, or, if of sufficiently tine* (piality, 
for j)ottery. The fine decomposed granite of the 
south-west, (adled kaolin, is carried to the? 
Potteries via the ]\[ersey, and is used to make; 
the finest porcelain. 

Coal. Of all the products of the earth's 
crust coal is at ])resent the most valual>le. It 
is ust‘d to generate steam for motive ))ovv(M‘, 
and our industries depend on a cheap supply of 
this indisp(aisable fuel. The coal measures lie 
above the okh^st Imt/ below the yoiing(‘r rocks, 
and can be worked only when some accident 
brings them near the surface. In jiarts of the 
British Isles [68] the crust of the earth ha.s Ih'cu 
tlirown into Avaves by the action of internal forces 
raising the highland regions. In many of thest^ 
the upper layers of rocks have been worn away 
in the course of ages, leaving the coal measures 
exposed in places, so that they can bo reached 
by boring through the surface soil. In th(^ 
Pennines not merely the younger rocks but the 
coal measures also have disappeared from the 
summit. They remain on both flanks, forming 
the important coalfields of northern England. 
Coal is similarly exposed round the eastern and 
southern margin of the west highlands, and in 
some parts of the Midlands. Over most of the 
English plain the coal measures are buried 
bf'neath younger rocks, and cannot be worked. 
In Scotland the coal measures remain in the 
trough of the midland plain, forming coalfields 
which extend almost continuously from the 
Clyde to the Forth. Hero coal is largely mined 
from rocks lying below the coal measures strata 
in which it is mainly fouild in England. In 
Ireland the coal measures have disappeared, 
except in a few isolated patches. Much oflfche 


• GROUP 2-QBOQRAPHY 

coiintr^ is covered with peat bogs, which supply 
the only available fuel. 

Iron a^ld Other Minerals. Next in im- 
portance to coal is iron [68 1, which occurs in many 
different forms. The purest quality, known as 
red lieniatite. is found in the western IVnnincs. 
The k^ss pure, brown hematite, is abundant 
round the margin of the Welsh highlands, in 
Northamptonshire, and in Antrim. OtluT ores 
art! vtM'v common in or lU'ar the ])rincipal coal- 
fields, tlie most important being tlic black-hand 
ironstone of Scotland, and the on*s of the 
Cleveland hills of Yorkshire. The latter oec\ir 
ifi the Lias rocks, which extend right across 
Englaiifl, and have enough iron in thorn in other 
places for (‘xample, in Norfhaniptonshirc -to 
be worth smelting. 

Ijoad is worked in the southern uplands of 
Scotland, the P('nnin(‘S, the mountains of 
Ciimhei'land, Wal(‘s, arid th(‘ Isle of Man, and in 
the Wicklow mountains of Jrt'land. Zinc occurs 
occasionally along witli lead ; oil shale is common 
round Edinburgh ; salt is minr*(l in Cheshire, 
Worecster.shii*e, and Durham, and copper and 
tin are still worked in Cornwall. 

Principal Coalfields of firftain. The 

coalfields of Britain fall into four groups. 

(jROUP o.VE. The Scottish (^Aalliekls : 

1. The Ayrshire Coalfield. 

2. 'I'he (\‘utral or Forth and Clyde (Vralfieli 

X The Fif<‘ Coalli(‘ld. 

4. 'riie Midlothian (/oaKield. 

The chief niannfaetur<‘S on tlif'sc* eoaltiekls 
are iron, shipbuilding, and textile's. 

0R017P TWO. TIk! IVnnifK! ( V)alli(‘kls : 

,5. The* Xorthumherlaml atul Durlunn, asso- 
ciated with (he iron manufacture in all its 
bi’anchos, in(;luding (‘ugineering and ship- 
hiiikling, and chemicals. 

0. The (kindaTland Coalfield, associat(‘d with 
iron-smelting. 

7. 4'lie South Lancashire (WItield, associated 
with the cotton manufacture and with iron 
and chemical industries. 

8. Tile North Staffordshire f'oallieki, associated 
with the ])(>lte‘rv inrlustry. 

9. The York, Derby, and Nottingham C‘oal- 
fiekl - the richest - associated witU woollen, 
iron, and lace manufactures. 

(JROUP TiiREK. The Coalfields round Uie margin 
of the Welsh highlands : *" 

10. The North Wales CVialtiekl, associated 
with the mannfaeture of salt and chemicals. 

11. The Middle Severn Coalfield, associated 

with iron, pottery, ai:^ wooflen manu- 
factures. • 

12. South Wales and Poorest of Dean tVialticld, 
chiefly engaged in smelting, 

GROUP FOUR. The coalfields of the Midland 
Plain, surrounded by younger rocks : 

13. The Midland Coalfield, associiated with the 
iron manufacture. 

14. The Bristol Coalfield, associated with the 
woollen manufacture of the West of England. 

All these manufactures are more fully treated 
in the chapters i^n commercial g®ograpiiy. 

A. J. AND F. D. HERBERTSON 
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6R01P 3-ART S & CRAFTS * THE GLOpUS WO^ OF ME N’S HA NDS-CHAPTER 7 

Early Christian Buildings and the Influence of 
Byzantine and Saracen Art on the Eastern Church 

ART IN EARLY CHRISTIAN TIMES 


pARLY Christian art is the conncctinp^ 
^ link between antique pagan and 
medix’val or Christian art proper. 1 1 
fills the gap between the ('lassie and the 
(jotliic •{)eriod. It starts in the sliclter- 
ing obscurity of the catacombs, whence it 
issues victoriously, spreading far and wide 
and annexing not only the material of 
the deserted i)agan temples and halls of 
justice, but in many cases the very forms 
of construction and artistic expression. 

Thus in the West, in Rome, the Pan- 
theon, a heathen temple, was adapted for 
the .requirements of Christian service, 
whilst the form of the Roman basilica was, 
for a time, chosen as the deftnitc form of 
early Christian church buildings. Columns 
and otiicr remains of Roman buildings 
were freely used for these new edifices, 
cut down if too long, or added to if too 
short - put together as they happened 
to come to hand, without regard to the 
style of the capitals, shafts and bases. 

The basilica lent itself most readily to 
religious service, owing to its division into 
the apse at the back, which was reserv(id 
for the bishop and the priests, and the nave 
and aisles for the community. The altar 
was erected in front of the apse, under a 
canopy, or l)aldachino, supportc<l by 
marble columns. A kind of triumphal arch 
separates it from the nave. The lofty 
nave is divided from the lower aisles by a 
colonnade on cither side, which supports 
the clerestory wall, through the openings 
of which daylight floods into the interior. 

The entrance gates are opposite the a])se, 
and access is gained through an opening 
colonnaded court, or atrium. At times a 
transept was introduced which converted 
the plan into a Latin cross, f)f which the 
nave was the long arm. The niche-shai)ed 
apse, the walls of the triumphal arch, and 
sometimes , the clerestory walls were 
richly decorated with figures of saints, 
cither painted or in mosaic with plentiful 
use of gold. The most magnificent building 
of this type is the basilica church of 
St. Payl outside the walls of Rome, wliich 
was destroyed by fire in 1825, but has 
since been rebuilt on the original plan. 


Another form of early ('hristiaii building 
which was derived from Roman proto- 
ty])es was tlie circular or polygonal 
baptistery, which up to about the sixth 
•entury was a separate building, and 
which was constructed on the plan of the 
Roman tombs, with the one difference 
that the columns which divided tlie 
interior, as it were, into a circular nave 
and surrounding aisle had to serve an 
architectural function as supports to the 
walls carrying the dome. ('haracteristi(' 
examples are the church of vS. vStefano 
Rotondo, and the baptistery of tlu‘ 
Lateran, in Rome. 

With the decline of the Western Roman 
Empire, Ry^antium, now ('onsiantino])le, 
became tJai centre of the civilised world. 
The churches erected in the time of 
Constant ine ainj of liis immediate suc- 
cessors still followed the basilica plan ; 
but in the fifth century, under Justinian, 
the art, and more particularly the archi- 
tecture, of th(5 Eastern Empire recei\^ed a 
detinite stamp and fully develo])ed tin* 
tendencies wliicli constitute the Ryi^antine 
stylo. By;'antine life is reflected in the 
])ainting and sculpture of the period, 
which soon took settled, dogmatic forms 
incapable of further development. In 
architecture, liowevcr, the general use of 
the dome (whicli was taken from the East 
rather than from Rc^nian examples), and 
all the changes that this development 
carried in its train, introduced new life 
and new possibilities into this art. 

A lofty central dome is generally con- 
nected with quite a system of# smaller 
cupolas and half cupolas, and necessitates 
a circular ])lan instead of the rectangular 
nave. In order to join the cupola to the 
square walls, the curved triangular ])en- 
dentive or spandrcl#lias t^ be introduced, 
resting on mighty shafts. Through these 
devices large wall spaces were gained, 
which gave special opportunities for 
sumptuous niosaic decoration. The kernel 
of the Byzantine churches consisted of 
bricks and mortar, cased on the outside 
with marble,# and decorated in the interior 
with paintings and mosaics. In fact, 
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whereas in Rome 'the dr)me was cused in 
conjunction with the Greek trabeat^ 
system, and the effect depended on 
architectural articulation, in Byzantium 
the tendency was in the direction of flat 
surface decoration ; and even the capitals, 
cornices, and friezes lost their clearly 
marked classic play of light and shade. 



A rOUUTU CENTURY MOSAIC OF THE VIRGIN MARY 


The church of St. Sophia in Con- 
stantinople, now a Turkish mosque, 
with all its former glittering splendour 
hidden under a coat of whitewash, is the 
most glorious (fjcample of the full flower 
of the Byzantine style* The colossal build- 
ing, the central dome of which has a 
diameter of 107 ft. and a height of 180 ft., 
was built by Justinian in five years 
(532-537)* which constitutes probably a 
record in rapid building. Equally famous 
and characteristic is the c^jurch of vSt. 
Mark, in Venice, wliich was built about 
1100 on the model of the church of the 
Holy Apostles, in Constantinople. 
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From Byzantium the new style spread 
to Italy and the rest of Europe, taking 
root first in Ravenna, where the church of 
San Vitale combines many Byzantine 
elements, such as the gallery resting on the 
inner octagonal colonnade, with a plan 
based on that of a Roman temple. In 
Ravenna, too, we find for the first time an 
independent campanile, or bell tower, 
which is not joined structurally with the 
church, but rises from the ground in 
cylindrical shape, crowned by an almost 
flat roof. In Italy these independent 
campanili were generally adopted in 
Romanesque architecture, whilst in 
Northern Europe the bell tower formed 
an integral part of the church, building. 
The ill-fated ('ampanile in the square of 
St. Mark’s, Venice, which collapsed a few 
years ago, but has now been rebuilt, was 
the most famous erection of this kind. In 
England the Byzantine style of architec- 
ture has never taken root, but the late 
Mr. Bentley’s new Cathedral at Westmin- 
ster presents a notable instance of a 
successful modern adaptation of Byzantine 
architecture. 

In sculpture and painting also early 
Christian art in Rome was dependent on 
pagan prototyp)es. The subject was 
changed, but the manner remained the 
same, and the paintings in the catacombs 
bear a strong resemblance to the wall 
paintings of Pompeii. The fear of falling 
into the errors of pagan idolatry must 
have acted as a strong check to artistic 
activity, especially in sculpture, and, 
indeed, free-standing statues of the period 
are exceedingly scarce. In painting the 
danger was less obvious ; it is less corpo- 
real and better suited to the expression of 
spirituality. Nevertheless, the earliest 
paintings show few traces of that spiritual 
ardour which later led Christian art to its 
most glorious achievements. 

The repugnance of the early Christians 
to representing divine ideas in human form 
led to the introduction of S3mibols, such 
as the fish, the alpha and om^a, the cross, 
the palm branch, the vine, and the lamb. 
Amidst this new world of imagery are 
still, found pagan ideas, such as Orpheus 
taming the beasts, and personifications 
of day and night, rivers and mountains. 

It is quite obvious that the original 
significance of such subjects had been 
entirely lost sight of, and that a new 
application had been given to mytho- 
logical figures. In painting, as in the 
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relief seiilptiini on sarcophagi, K^nan art 
was thus |x*rpetiiatcd in a debased foitn. 
I he artist no longer deligli^ed in the 
i;canly of (l;e idealised human form, and 
gradually the s(mse of grace and pleasing 
proportions was lost, whilst a striving for 
the expression of spiritual grandeur look 
its ])lace, until Byzantinism for a time 
veiled the oh'shoots of the Roman tra- 
dition, which, however, kept smouldering 
under the sumptuous formalism introduced 
from the Eastern Em{)ire. 

Gorgeous splendour was the ke\ note of 
the art that had developed in Byzantium, 
and found expression not only in the rich 
decoration of the churches, but in the 
very costumes, resplendent in gold and 
(‘infn'oidery and pnicious stones, which 
had replaced the festive white garments 
of antiquity. A stiff, ceremonial formalism 
j)crvades everything - life as well as art. 

The striving for dignity, rejK)se, and 
stateliness S(jon j)rescribed certain formulas 
for the rejnesentationof the human figure, 
and certain attitudes which reflecl the 
strictly imposed ceremonial of the Byzan- 
tine Court. Hie iignres are unduly 
elongated, the faces forced into a narrow 
oval, with large eyes, long, narrow nose, 
and small chin. The expression is as 
serious and dignified as the general 
attitude, and shows no trace of emotional 
life. Only the miniatures of the period 
retain faint echoes of the antique aiul show 
traces of individuality. The subjects arc 
the same as in early Christian art : Christ 
in glory, surrounded by angels, the Virgin 
enthroned in solemn dignity, figures of 
saints conventionally rolled in garments 
that never suggest the shapes hidden 
underneath them, and representations of 
the emperor or empress in state. The 
mosaic^ in the choir of San Vitale, in 
Raveima, are the finest examples extant. 

•In the (iighth century the iconoclasts 
in blind fury destroyed most of the 
works of art of the Eastern Empire, 
and numerous painters, sculptors, ivory 
carvers, goldsiftiths, |ind enamellcrs were 
driven from the country, and took up their 
abode in Western and Central Europe. 
In miniature painting, for instance, Byzan- 
tine ideas soon ruled everywhere but in 
Ireland, where an independent ornamental 
style had taken root. EjAmples of this 
wonderful Gaelic art are jireserved in 
the manuscripts in the possession of the 
Royal Irish Academy, Dqblin, and in the 
Book of Kells at Trinity College, Dublin. 
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It is scarcely too much to say that 
from the eighth to the tenth century the 
crafts of Europe —always excepting the 
extreme north, where Celtic ornament 
had become an ineradicable artistic tra- 
dition — were entirely in the hands of 
Byzantine workers and their follow'crs. 
Their skill in ivory carving, in metal 
work generally, and particularly in enamel- 
ling and filigree work, in weaving and 
embroidering, was inimitable. 

i^yzantine influences, together w'ith 
those of India, Egypt, and variom 
countries coiupiered by Mahomet, helped 
to shape Moorish or Saracenic art. This 
art is entirel\' confined to architecture 
and ornament - -w hich is generally applied 
to architecture- since ])ainting and sculp- 
ture. or the creation of images, wore 
strictly forbidden by the law' of Mahomet. 
Even in architecture the Mohammedans 
did not arrive at a settled style, and their 
buildings show- a curious mingling of 
sober bareness on the exterior and ex- 
uberant ornamental fancy in tluj decora- 
tion of the interior. The mosques do 
not follow^ a fixed plan, prescribed by the 
use to W'hich they were put, like the 
Christian churches, but are arranged in a 
haphazard fashion, the only common 
members being a spacious court with a 
fountain for ablutions, a hall for prayer, 
the '' Holy of Holies ” for the keeping of 
the Koran, and slender minarets for the 
muezzin’s call to prayer. Columns and 
arches aie abundantly used for the 
extensive halls and arcades, and the inner 
walls are covered with a wealth of arab- 
esques and ornamental motifs in coloured 
tiles and carved stone. 

Domes arc extensively used, and the arch 
received a variety of new^ forms in the 
hands of the Arabs, who introduced the 
pointed arch, composed of tw^o .segments 
of a circle meeting in the centre of the 
arch; the horseshoe arch, formed a 
segment of a circle w^hich considerably 
overlaps the semicircle, and the ogee arch, 
which rises from each side like a semicircle 
and then turns upwards until the twT 
lines meet in a point. 

Examples of Saracenic art abound in 
Turkey, in India, in Western Asia and 
North Africa, and in Spain. The Alhambra 
in Granada, the famous palace of the 
Moorish Kings, and the Taj-Mahal at 
Agra, the tomb of world-wide renown, 
are among the most famous buildings of 
this type. P.G.KONODY 



GROUP 4-PHY8I0L0QY & HEALTH - THE BOOy & ITS MAINTENANCE-CHAPTER 7 

Characteristics and Use of lUood. ^ts Composition. 

Biood-Yessels and Their Work. The Heart and its Action. 

CIRCULATION OF THE BLOOD 


Tust as beneath our streets are three sets of 
' })ipes conveying gas, water, and Fcwage, so 
tliroiighout the body are three sets of vesscds 
coloured, by the fluid within Iheni, red, white, 
and blue, ^i'he red vessels convoy art(‘rial blood 
fi’oin tbe h(*art ; the blue return vimious blood 
to the heart ; and the lyniphaties convey tlu* 
drainage of the body cells into the venous blood 
near the heart, togidher with tlu^ digested fat 
from tlu^ food. These three sets of ])ipes are very 
numerous, and present many (;om plications, 
which we will consider prc'sently. Our first 
business is to examin(‘ the blood which flows 
through the vessels, tlieu to eonsidcu’ the vessels, 
and, lastly, to describe the heart that pumps 
the blood tbroiighout the body. 

The Blood the Life of the Body. 
All the life of the body dejamds upon the 
cjualityand n'giilar cireidation of tlie blood. Our 
thoughts, our iiovvers, our actions, depend upon 
its regular sup[)ly in pj'oj)er (piantity and qiudity 
to every ])ai't and every organ of the body. Tlu^ 
brain is partieularly scmsibl * to any failure in th.e 
blood supply, and aiTarig<‘iueuls 
are made there that not hing may V 

interfere with its eireulatioii. 

The Blood. Tin* blood 
a heju'ij^ red, opaque, irariu, a I hi- 
fi ne, mlHsh fluid, with some- 
times a faint odour ebaraeter- 
istic of tho animal to which it 
belongs. It is emphatically a 28. ski’tion of v 
living fluid, not only in t lu^ 
sense that upon it, as we hav(‘ 
said, depends the; existence of 
the body, but because it is full 
of life. It is the .sole means, as we have seen, 
by which the varied and complex ])roducts of 
digestion, on the one hand, and oxygen, on the 
other, are conveyed to all the tissues and to 
every body cell, there to be nnlueed to forms of 
a less complex nature, tlu^ force libeiatod in the 
process being partly used in the passive lib* of 
tho cells, and partly in the various active 
phenomena. The blood is, therefore, with tho 
aid of tho lymph, the carrier between the diges- 
tive and respiratory organs on the one hand, and 
the living body cells on the other, the blood- 
vessels forming, at tho same time, a complete 
warming apparatus for the body. Blood is heavif 
as compared with water, tho one having a speeitic 
gravity of 1000, the other of 1050. 

Colour and Heat of Blood. The colour 
of blood varies from bright scarlet to dark p\irple. 
la the arteries, and also whenever exposed 
tj the air, it is bright red. Hence, it is bright 
red in the superficial capillaries just beneath 
the surface of tho cheek. In the veins it varies 
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from dark purple to red, getting brighter in pro- 
portion to th(^ activity of tl\(‘ )>art or organ 
whenc(‘ it- comes. Tho blood is opaipie, owing 
to its being a mixture of solids and licpiitl. 

The average blood, heat lu^ar the surface of the 
l>ody is 9S‘4'' J<\, and is about the sam(‘ in health 
ii? all temperat iircs, ‘‘warm-blooded” animals, 
as w(‘ have S(*(‘n, having constant blood-heat, 
independent of their sunt)undings, in contra- 
distinct ion to ” cold-blooded ” animals, whose' 
blood is not necessarily “cold,” but varies with 
the surrounding nu'dium. 

The temperature (»f the blood in tlie diu'per 
v'essels is said to range between 100“ and 107 ’. 
Its tem])eratnre is also increased in passing 
through larger glands, notably the liver. The* 
blood is alkaline in lib', but out of the body it soon 
Ix'eomes neutral, and then acid. It is saltish 
from th(' I )resenee of common salt. ^V\\o (luantihf 
of the blood may be tak(‘n as about oiie- 
thirteeiitb of the wi'ight of the body*; a (piarter 
of it is conlaiiu'd in the luairt, lungs, and larger 
ve'ssel.s ; a quarter in the liv'er and its vessels, 
a quarter in the muscles, uikI 
a quarttT in the circulatory 
vessels [32 J. 

The Cells in the Blood. 

«ro the naked eye blood is 
simjily a nd tliiid ; but wlaai 
we examine it- mieroseopieally 
\\(' lind that it is swarming 
with millions and millions of 
solid partieli's which hav(‘ been 
<'alled “ blood cells” or “ blood 
eorpuseles.” 'J’lu'so cells are ol 
two kinds, distinguishable by 
colour, size, and shape, and known as red celf-'i or 
corpuueles, and irhite cells or corpuscles. 

The red corpuscles, so-called, arc not really 
red ; viewCtl individually by transmitted light 
they arc seen to bo yellowish in colour, but in 
bulk they aj)})ear I’ed, and it is owing to them 
that blood has its characteristic red cok)ur. In 
shape, they are like round discs or biscuits, and 
their surfaces are slightly eoncavi', so tkat tliey 
arc tliiimer ciaitrally than marginally. In siz(', 
they are microscopic, m(*aauring only of an 
inch in diameter. In number, their name is 
legion, for there arc five million in o^ory cubic 
millimetre of blood, and it ha® been calculated 
that if spread out flat tlftw would cover an area 
of about thirty square miles. Structurally, tla^ 
red cell is composed of a framework of proto- 
plasm containing in its meshwork a transparent 
viscid red substance known as hv.morjlobiti, and 
it is probable that there is a fine ceil wall, 
but there is no nucleus. It is to be observed 
that the characteristic constituent of the red 
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corpuHclcs is tho hiimoglobin, for hemoglobin 
has a remarkable affinity for oxygon, and gices 
the rod corpuscles their capacity for carrying 
that gas. As the blood passes thrcHigh the capil- 
laries of the lungs, the haemoglobin in the rod 
cells takes oxygen from tho air in the air cells, 
and becomes converted into oxf/hmrnoglobiny and 
as the blood circulates through the tissues, the 
t issues take the oxygen from the oxyhaemoglobin 
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iind convert it into luemoglobin again. The led 
eor|)u.sclcs live for about two weeks, and during 
lhat time they make’ about 20,000 journeys to 
the lungs to collect oxygen, and the same number 
of journeys to the tissiu^s to supply them with 
t he oxygen they have collt*cte(l. 

The red corjmsclos seem to bo formed chiefly 
in the marrow of the bones and in the spleen, and 
after severe loss of blood they are said to bo 
produced at the rate of 175 million per minute. 
In amemia and other diseases, how’cver, they 
diminish rapidly in numbers. 

White Corpuscles. The colourless or white 
corpuscles [29], discovered by Heiisen (1773), are 
larger than the red (7r;,\yjyin. diameter), but are 
only spherical in death ; during life their shape 
constantly varies. lake the red corpuscles, 
they Imve no cell w'alls, but, unlike them, 
they have one or more (listinct nuclei. They 
have a finely granulated appearance, which, on 
examination under a higher pow'er, is seen to be 
due to a mealnvork that pervades them, the 
comers of the nseshes being formed into knobs ; 
part of tho granules ^lay be food material. 
The colourless corpuscles, or leucocytes, of the 
blood are identical with tho smaller description of 
lymph cells that are found all over the body, 
and particularly in tho spleen and lymphatic 
glands. The function of these cells has long been 
doubtful, and is only now beginning to be under- 
stood. They have very active habits during Ufe. 
Possessing the power of traver^g the walls of 
the blood-vessels with the greatest ease into the 
lymph spaed around, or into the body tissues, they 


are found in enormous numbers wherever any 
active inflammation is going on, and when dead 
they form the principal part of pus or “ matter.*' 

Enemies of Bacteria. Professor Metch- 
nikoff, of the Pasteur Institute, regards white 
corpusclas as our defenders against microbes of 
all sorts, and has lately shown how active they 
ore in eating and destroying bacteria and germs, 
and also refuse of all kinds ; while tho curious 
fact has been discovered that from Peyer’s 
patches in the intestine, where they abound, 
they migrate into the tube, seize on all the 
ba(;tcTia they can find, and carry them down into 
the deeper tissues, where they and their spoil 
both become the prey of a larger description of 
lymph corpuscle, called giant cells. 

Enough has been said to show what a life of 
varied interest and usefulness white corpuscles 
lead, and to encourage us to hope for still further 
dis(‘overievS respecting them. They increasi* 
rapidly by fission, which the rod corpuscles never 
do, and tii)pcar in amazing quantities in a very 
short time wherever they are wanted. Tlio spleen 
is one great source of tlieir origin, and in the spliMiic 
vein they number 1 to 80 of the rod corpuscles. 

The most remarkable feature about these 


corpuscles is tlicir constant change of shape 
(which is always very irregular) by amoeboid move- 
ments, so-called from their similarity to those of 
the amcehoi of stagnant waters. The great dis- 
tinction betwetm these and the red cor{)iiscles is 
that the power of the former is distinctly vital ; 
their change of shape is certainly of set purpose, 
as when they 

enclose a particle 
of food ; they 

j )robably exercise, 
too, some distinct 
influence over tlu' 
l)lasma, whereas 
tho red corpuscles 
a re merely oxy g< ‘ 1 1 
carriers. 

The Plasma. 

Having c o n- 
sidered the cells 
in the blood, let 
us now look at 
its fluid part, or 
“plasma.” Tho 
jdtismay or lie j aid 
part of the blood, 
is nine-tenths 
water, is of a 
yellowish colour, 
and contains car- 
bonic acid gas, 
albumen, fats, 
glycogen (liver sugar), and salts in addition. 

It has, because of other bodies contained in 
it, a most t:emarkable power of dotting or coi 
lating— a process, indeed, on which our 
depends. As will be seen in the section 
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HEALTH, there is a class of people in whom this 
clotting power is either wholly absent or so 
feeble as to be useless, and these people are in 
imminent danger of bleeding to death, even if a 



tooth is extracted. Huxley gives the following 
simple experiment to demonstrate this power 
of clotting. 

“ Twist a piece of string pretty tightly round 
the middle of the last joint of the middle or ring 
fing(ir of the left hand. The end of the finger 
will immediately swell a little, and bec^'me 
darker coloured, in consequence of the obstruc- 
tion to the return of the blood in the veins 
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caused by the ligature. 
When in this condition, if it 
bo slightly pricked with a 
sharp, clean needle, a good- 
sized drop of blood will at 
once (jxude. Jxit it bo de- 
posited on a slip of thk^k 
glass, and covered lightly 
and gently with a piece of 
thin glass, so a.a to spread it 
out evenly in a thin layer. 
Let a second slide receive 
another drop, and to keep 
it from drviiig let it be put 
under an inverted wine- 
glass, with a bit of wet 
blotting- paf)(‘r inside. Let 
a third drop be dealt with 
in the same way, a f(iw 


granules of common salt being first add(‘d to 


the drop. 


“ To the naked eyti the layer of blood upon 
the /zVi'i Mide will appear of a pale reddish colour, 
and quite clear and homogeneous ; but, on 
examining it with a pocket lens, its apparent 
homogeneity will disappear, and it will look like 
a mixture of excessively fine, y<?llowis}i-red 
particles like sand or dust, with a watery, almost 
colourless, fluid ; and immediately afb^r the 
blood is drawn the particles will appear to be 
scattered very evenly through the fluid, but by 
degrees they aggn^gato into minute ])atehes. 
an(l the layer of blood becomes more or less 


spotty.” The jjarticles are the red oorpuseles 
of the blood ; the nearly colourless fluid in 
which they arc suspi'nded is the {)lasma. 

The .second slide, pixqiared as described abo^ e, 
may now be examined. The drop of blood will 
be unaltered in form, and perhaps may seem to 
have undergone no change. But 4 the slide be iu- 
elined, it will be found that the dro}) no longer 
flows, and, indeed, the slide may be inverted 
without the disturbance of the drop, winch has 
become solidified, and may bo removed, with the 
point of a penknife, as a gelatinous mass. The? 
mass is quite soft and moist, so that this setting 
or coagulation of a drop of blood is something 
quite different from its drying. 

On the third, slide this process of coagulation 
will be found not to have taken place, the blood 
remaining a fluid, as it was when it left the body. 
The salt, therefore, has prevented the coagulation 
of the blood. Thus this very simple investigation 
teaches that blood is composed of a nearly 
colourless plasma in which many coloured cor- 
puscles are suspended, and that this coagulation 
may be prevented by artificial means, such as 
the addition of salt. The coagulation is brought 
about by the changing of a part of the plasjaa 
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into a ^nching mass ol fibrous tissue called 
fibrin, inthe meshes of wliich myriads of the red 
corpuscles are entangled. 

Why th'b Blood Clots. As the clot is thus 
formed, a thin, straw-coloured fluid is squeezed 
out, called the serum, which is practically plasma 
deprived of its fibrin. The value of this clotting 
power is, of course, in its solidifying the blood at 



the mouth of a cut artery or vein, so that it can 
no longer flow, thus stopping up the open end 
of the vessel. Blood never clots in a healthy 
vessel during life, but sometimes the blood may 
clot in diseased Wns, and thus become a great 
source of danger by blocking the circulation. 
Clotting in the blood is hastened by any solid 
bodies in the blood, by heat at, 100® F.> by 
retardation of thd circulation, by small doses of 

829 



GROUP 4^PHY8IOLOOY 

c/ilciuiTi chloride, by tbciaction of air, by deficicncjf' 
of water, and by injury or disease of vessils. It it? 
deferred by incteaso of water, cold or great heat? 
by an alkaline solution (salt), and l^y being in 
living blood* vess(‘ls. Arterial blood clota more 
(luiekly than venous blood. 

On th(i whok*, blood has a similar chemical 
com])osit ion to that of muscle. 

The Blood-Vessels. We now turn to the 
blood •v(‘ssels, whicli include two out of the three 
sets of pi[>(;s in the body; 
the third, or the lymphatic, 
we s[>eak of in the next 
chaptc'f. • 

"riui arltries L28j are so 
called b(*caus(? by the 
aneieiits they were always 
sMp])osed to contain air, as 
after di‘ath they were 
a 1 ways found e i u pty . Tin* y 
are stout tulavs that r(‘main 
round even when empty, 
and are made of thna^ 
coats, the outer (the Uf1~ 
venlltl(t) being fibrous for 
protection, the middle (the 
muscular) to r(‘gulate tht^ 
si/,(^ of the vess(4, and tlu', 
inner one (the. iuiimn), 
a delicate membrane of 
living cells which have 
many active functions to pCT^orni, not least of 
which is to aid in removing impurities, germs 
ami the like, from the blood. »So that we must 
distinctly understand that there is nothing dead 
or mechanical about either the blood or l)iood- 
vessels. The former is filled with active living 
white corpuscles ; the latter lined with many 
active living ceils, which have a definite duty. 

The Aorta. The a li cries begin in one si rong 
vessel, tlio aorta |30j, 1 in. in diameter, wliicdi, as 
it leaves the heart, soon subdivides into six 
branehos- two for the heiid, two for the arms, 
and two for the legs. These divide and sub- 
divide as they run along the protected inner 
^idcM of the limbs and all over tlu^ body, like the 
branches of a tree, till the tiniest twigs are so 
small that they can hardly be seen by the naked 
eye, and those are called arterioles. 

Art(ui(^ are elastic and, always being a little 
ovei-full, they are ever on th(5 stretch, and so 
niaintain^hat gentle pressure on the blood that 
ked).)s up the how between the beats of the heart. 
When an artery ruptures, the inner coat folds 
over inward as it contracts, and thus at once 
begins to stop the flow of blood. 

A short distancc^from the end of the arterioles 
the smallest veinlels begii, and rapidly uniting 
form large trunks which lie alongside of the 
arteries, until at last the united volume of blood 
is returned to the heart by two great veins, each 
the size of the aorta, called the superior and 
inferior vena cava. 

Veins. Veins, like arteries, have three coats, 
but, unlike them, tiiose coats are so thin that an 
empty vein flattens and collapseu. They also 
differ from aiteries, especially in the limbs, in 
having a remarkable arrangem^f of valves [81], 
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the value of which will bo apparent when we 
come to speak of the circulation. Those valves 
are in pairs, an inch or so apart, and are made to 
open toward the heart, so as to afford no ob- 
struction to the progress of the blood in that 
<liroction, but to close at once if it tries to turn 
back. The walls being thin, they more easily 
bulge under pressure than those of arteries. 

Capillaries. Until Iflbl this was all that 
was known of the blood-vessels, and it was 
b(‘lioved that the blood was poured out into 
the tissues by the arteries, to bo picked up a short 
distance off by tlio veins. It was then dis- 
covered, however, that betwiM'ii the two an 
intricate network of tiny microscopic blood- 
vessels (called cnj)iflnr{es) exists, some of 

an inch in diamct(‘r extending all over the body 
in such incouc(uvabk* numbers tliat it is almost 
im possibles to insert the j)oint of a pin anywhere 
Avithout piercing om* of them. The whole body 
thus consists of tiny islets of cells surrounded by 
eaj)illaries, which themselves lie in lymph 
ehanuels. These tiny V(‘ssels Inivc but one e.oat, 
but as we hav^e fully d(‘scribe(l them and their 
rtMiiarkalde fiinetions in the last chapter, we 
iie(‘d not reeapitulate here. They extend to 
thousands of miles. If the artmics begin in one 
tube 1 in. in diamet(T, and the veljis end in two 
tub(*.s with a united (valibn* of in., tlui united 
calibre of the capillaries is represented by a 
tube of about 2 ft. in diameter |3/]. 

The Heart. Wo must now proceed to 
describe the mechanism by which the circulation 
of the blood is maintained by the elaborate 
pump calked the heart. 

The heart, enveloped in the double layer of 
the pericardium, is in the form of a blunt, 
liollow cone about the size of its owner’s list. 
It w'eighs about oz., and is situated bcliind 
and somewhat to the left, side of the lower half of 
the sternum, or 
breast - bone. Its 
base is U])permost 
and to the right, 
its apex being 
downward and 
toward the left. 

It consists, like 
the arteries and 
veins, of three 
coats ; an outer 
fibrous coat, called 
the pericardium, 
which really con- ^ ^ 

sists of two layers, or the heX^t 

foTini'niT ft triiiisvcrsc section. X. A')rti. 

lorming a ciosoa p Pnimonary artery. Af 1 ct 2, 

sac, the heart Two flaps of mitral valve. F 1, 2. 

being folded up in ^ ^ 

it. The inner layer ^ ^ 

is closely adherent to the heart, and the outer 

layer to the connective tissue around, a small 

amount of fluid being between the two. 

An illustration may help us to understand 
how the pericardium is arranged. Take two thin 
paper bags, of which one is slightly smaller than 
the other, so that one may be contained within 
the other, both being fully distended. Now 
slightly fold back the edge of the mouth of the 
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inner bag, arifl gum it all round to the edge of | 
the mouth of the outer one. There is now a 
double bag made with an inner and an outer 
layer, and a small space between theun, com- 
pletely shut off from. the outside. Suppose the 
closed fist to bo just largo enough to fill the 
inner bag, it will represent tho heart, to which 
the inner layer of the pericardium is adher(‘nt. 
The wrist will represent the great vessels passing 
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A. Piiliiumaiy v«‘ins. A 1. L ftuuriclc. B Wall of aiiriclo, 
C. WallofvoiitricU-. O I. A pox of heart. D FU sh.v <-oluinii 
attacheil to valve, K AT papillaresaiul cnnliu Unidiiiea*. 
jittadicil to vahe. E 1. heft ventricle. F. M.tral valve. 
F 1. Opeiiinjj of valve. Q Soinihinar valves <ii aorta. 

Aorta. U Pulmonary aitery. U 1. Pnlmomiry artery. 
K. Atlaehment by dm tns arteriosus to aorta. L. Arteries 
to head and arm 

off from the heart, around which the neck of tlu‘ 
double hag extends. All the serous membranes 
which enclose the various organs- -brain, lungs, 
digestive organs — are made on the same pri ciph*. 

Muscles of the Heart. Tho middle, 
or mfiscular, coat forms the main substance of 
the heart itself, and in a muscular man varies 
from a quarter of an inch to an inch in thickness ; 
while tho inner coat is the lining membrane of 
the heart. The muscle is peculiar, for the fibres 
are intermediate between the striped, or volun- 
tary, muscles of the limls and the unstriped, or 
^voluntary, muscles of the arteries. They have 
transverse stripes and contract altogether like 
the former, but are not umler the control of the 
will, thus resembling ti e latter. They are ar- 
ranged in circular, ohlifpKi, longitudinal, and 
(toward the a]>ex) in spiral layers. They continue 
for some distance along the two large veins. The 
fibres that surround tho upper half of tho heart 
are distinct, and can contract separately from 
those around the lower half. The muscular coat 
around tho heart varies immensely in* thick- 
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ne.ss.^ It is thinnest around the upper half of the 
heart on both sidevs, the auricles, because the 
work hcfc is slight, and only consists in forcing 
tho blood, as the auricles contract, into the two 
lower cavities, ventricles. It is twice as thick on 
the lower right side, for this has to do twice as 
much work in pumping tho blood through the 
lungs ; and it is more than twiet' as thick again 
in the loft lower half, because this ventricle has, 
to pump (ho blood all over the body. Tlio thick- 
ness of tho must^le cverywluTe is in proportion 
to the amount of work it has to do. 

Chambers of the Heart. Inside, the heart 
in man i.s divid(‘d longitudinally into two halves, 
right and left ; each half is again divided trans- 
ver.sely, thus making four ehambers in all. In fish 
there are but two, in a frog three, while in the 
crocodile u]i)ward we get four. All the.so stages ^ 
are passed through in the linnian embryo [35]. 

Tlie two upi)er ehambers are eallc'd res[)ee* 
tively the right and I(‘ft auriel('s, because on the 
top of each is a small flap like a dog's ear, anfl 
the Latin word auricula means a littlc! ear. ^rip'V 
have very thin muscular walls. The two lower 
onofi are called Die right and left ventricles ( Latin, 
veufricula, a little In^lly). and hav(i much thiekci 
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A. Suprriur voiiri rava. B. hit >r vtua ‘-ava. Ji I. 11< - 
imtic veins. G. lliKhtuunrle. C 1 . O >eiiiipf for vtans /), 
Valves of pulmonary art(Ty. -D I. Kh'h.v {•(»hmiMs. E 
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iv. Vessels from aorta. L Aoo id v ot l' f» aiMidi-. M. 
LmI ventriele. N R "ht \eMlvi< lM 

walls, the left being also at least threi* times the 
strength of the right. Each ehamlt'r hold- about 
four tablespoonfuls of IjIooiI. 'I’nerc is no din-et 
communication between (he riglit and l ic loft 
side of tho heart afhT fietal life. 

Trap-iloor.. of ihe Heart. Eaeit aiiricld 
communicates with the ventricle bidow 
a sort of laiige trap-door in *the floor, which 
on the right side consists of three fiaps, and is 
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called the tricuspid valve^ and on the ifft of 
two, and is called the mitral or bicuspid valve. 
The right auricle has, in addition to tjjis valve, 
the large opening {sinus venosus) common to 
the terminal veins [36]. 

In the right ventricle is the opening of the 
pulmonary artery which conveys the blood to 
the lungs to bo purified, guarded by a semilunar 
valve wJiich has three flaps. The centre of each 
* margin has a litthi node (the corpus arantii)^ 
Ihe three meeting when the valve closes. The 
bulging of the wall of the artery behind the 
valve is called the sinus of Valsalva. The parts 
in the aortic semilunar valves are similarly 
named. The left auricle has four openings for 
the four pulmonary veins that return the purified 
blood from the lung to the heart ; and in the 
left ventricle is the large opt'uing of the aor/u, 
by which the blood finally leaves the heart, 
guarded by a semilunar valve, which has three 
flaps as in the right ventricle. 

• Theni are thus in the heart [35] three valves 
with three flaps (two semilunar and one tri- 


I from the right ventricle to the lungs. Then 
' on the left the four pulmonary veins from the 
lungs enter the left auricle, and the aorta leaves 
from the h^ft ventricle. 

Action of the Heart, The heart con- 
tracts by nervous mechanism in the organ 
itself, and is thus regulated by the brain. The 
heart muscle alone has a remarkable inherent 
contractile power, which is dependent on no 
ext<*nial nervous energy nor even on the nerve 
centres in the heart, nor on blood in the heart, 
(bntnwdion has been seen in bits of freed heart 
•muscle, and appears to be absolutely automatic. 
No other muscle has this power, and there is 
no other muscle oven in ap[)earance like the 
heart muscle. 

The heart as a whole, out out from the body 
but supplied with blood, will beat for days. 
If supplied with oxygen instead of blood, for 
tw'elve hours; if with air, for three; if in n 
vacuum, for half an hour ; if with (XJ.j, in each 
case it stops. There are in the lioart three or 
more nervous centres from which undoubtedly 
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The capillaries arc really very minute, some 2000 to the square inch. In this drawing the capillaries ami the rod and white cells 
of the blood have bccn.greatly inagnifle I for the purpose of showing clearly what happens in tlie (.Irculatiou of the blood. 


cuspid), and one with two flaps (the mitral). 
The arrangement of all these valves is such that 
the blood can onl}^ })ass in one direction, always 
from the vt^iiai cavao toward the aorta. The 
orifices of the valve are strengthened by thick, 
fibrous ringfn while the flaps of the tricuspid 
and nfitral valves are stiffened and prevented 
from rising too far by strong bands (musculi 
papillares) and cords (cordee iendine<e) fixed 
from the inner surface of the ventricle to their 
lower side. Fleshy pillars (col u mn (v earn (vc), from 
which these cords spring, art) also seen on the 
inner surface of the heart. 

The tw^o arteries (pulmonary and aorta) 
come from the front of the heart, while the six 
veins, two vense cavac and the four pulmonary 
veins, enter at the back. There are thus eight 
large blood-vessels coi nected with the heart, 
three with the right siilc and five with the left. 
\)n the right the two vena) cava? retuftiiiig blood 
ii4rom the body to the right auricle, and the 
pulmonary artei^ (the only one •in the body 
conveying venous blood) carrying the blood 


energy is supplied ; and bits of muscle contain- 
ing thorn beat more vigorously than those without. 

Then, besides this, the frequency of the con- 
traction is regulated by two nerves. The one, 
the pneumogastric, slows the boat, and })ressuro 
on it may stop the heart altogether ; the other, 
the sympathetic, accelerates it, and the influence 
of the emotions, causing the heart to beat mortv 
quickly under excitement, explains how that 
organ came to bo regarded as the seat of the 
affections, with w hich it has really nothing to do. 

The heart has no nerves of sensation, and 
hence it can feel nothing, and such a thing as 
pain in the heart is impossible. Even in angina, 
the only painful heart disease, the spasm is 
believed to bo in the arteries, and especially in 
those arteries (the coronary) that supply the 
walls of the heart itself with blood. 

The heart on rare occasions is transposed 
and may be found beating on the right side of 
the body instead of the left. In disease it is 
frequently greatly enlarged. 

• A. T. SCHOFIELD 
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Plouj^hing, Harrowin;;, and Sowing for Wheat, Barley, Oats, and 
Root Crops. Drilling Seeds. Weeds and Tnelr Prevention. 

CULTIVATION OF FARM CROPS 


I T is the custom among farnuTS to grow the 
various crops on the arable land upon a 
system of rotation. It will be well to explain not 
only what tliat system is, but the principles upon 
which it is based. It is a commonly accepted 
maxim that it is bad farming to grow two white 
straw crops — by which w'c mean ccTcals - in 
succession on the same land. Highly skilled 
farmers, however, are able to grow these crops 
from year to year continuously wdth most ex- 
cellent results by maiutaining the cleanliness 
and fertility of the soil. 

The rotation system, however, is to be pre- 
ferred. It enables the farmtT to raise a greater 
variety of crops, to maintain slock, such as 
cattle and sliO(‘p, and thus to produce abundance 
of farmyard manure, which is practically im- 
fiossiblc where the land is employed, however 
skilfully, for growing grain crops alone. The 
rotation system not only preserves lait promotes 
fertility, "if a cereal (troj) is taken from y(‘ar to 
v<*ar, it becomes m'eessary to provide manures 
eontainiug nitrogen with great liberality, but 
although pbospbatic nianuiT' is essential for some 
time, mineral fc'rtilisers collect in the soil to a 
greater extent tliaii tli(‘y can btJ utilised for want 
of some other crop whicdi would draw on them. 

Dominant Fertilisers. Nitrogen is 
the dominant fertiliser of the cereals, phos- 
phoric acid of turnips, and both phosphoric acid 
and potash of the pulses, clover, and other 
leguminous <;ro[)H. If, therefore, we alternate 
these cro])S upon a recognised system, we enable 
one to feed upon the residue of fertility left in 
the soil by another, and in its turn to provide 
sometliing for tluj crop w'hich succeeds it. When 
a grain crop succeeds clover or beans, it is en- 
abled to draw u])oii the store of nitrogen which 
these plants have extracted from t he atmosphere 
and left in their roots. When the soil has been 
exhausted of available phosphoric acid and 
potash, it is once more su])i)lied with these 
materials through the medium of such fallow 
crops as the turnip or the potato, botli of wliich 
it is usual to manure, under good farming, with 
dung as well as artificial fertilisers. 

In a rotation a grain crop usually succeeds 
both the mangel and the yjotato, and is thus 
provided with what it refpiin‘s, although in 
many cases it may still be advisable, where 
farming on the intensive princi[)Io is followed, to 
give dressings of both phosphatic and nitrogenous 
inanui*es. This is the more necessary for the 
reason that, under the four-course system of 
rotation, clover, or a mixture of one or more 
varieties of clover and rye grass, or of mixed 
grasses, is sown in spring with the growing cereal, 
to become in its turn a crop for feeding or mowing 


in the following year. The demand for food is 
therefore considerable, hence tlie importance of 
adequate preparation. 

Value of Rotations. There are, how- 
eyT, other reasons w'hy a syshun of rotation 
advisable. By no other m(*thod is it possible 
to maintain the land in a clean condition in a 
word, to destroy weeds. 'I’his cleaning is elfecicd 
where plants, such as the mangel, the swede, tla 
potato, the cabbage, kohl-rabi, or beans, an 
grown in rows wide enough a])art for the horse- 
hoe to be employed Ix'tvvoen them and the 
hand-hoe in the rows of plants themselves, 
('rops like the turnij3 or the cabbage, biang 
frequently eaten olT by sheep, indirectly im|)rov(‘ 
the lighter soils, for the manun^ w hich isdr()p])cd 
adds fertility, while the coiufiactness which 
follows the herding of the floek ensures a. more 
perfect S(‘od-bcd. Again, the rotakwn systcun 
enables the farmer to keep within limits th(‘ 
ravages of insect and fungoid parasites. Tlu* 
crop being changed, the enemy, whose attacks 
arc conlim‘d to a p.lrticular variety, jiractically 
finds its occupation gone ; whc*rt‘as, if a crop 
which has been seriously at tackl'd — as tlii' 
turnip with tl)c lly or with the fungoid disi'aM* 
known as anbury — were grown again upon thr 
.same held within one or tw'o years, the prob- 
ability is that the damage would be more serious. 

The diagram suggests two methods of four- 
course rotation. In that suitable to the heavier 
classes of soil, mangel or cabbage may foPow^ 
wheat, and ho succeeded by oats, or even by 
barley, where this plant can be growai with 
success. This corn crop may bo followed by 
clover, or a mixture of clover and grasses, llu^ 
seeds having bci'U sowti with the oat or barky 
crop, to be followed again by wdicat, for wl.ich 
they have j)rcpaicd the way. 

Where it is inconvenient to take wheat — w bii^b 
is an autumn-sow'n eroj), althougli un(.|^er bad 
conditions sowing is some- 
times delayed until nearly 
Christinas — oats may he 
taken, and where the ncecs- 
sary ploughing becomes 
impossible owdiig to bail 
weather wheat sowing is 
abandoned, and an oat ejop 
is usuall}^ taken after plough- 
ing the land later on. 

Systems of Plough- 
ing. The system of plough- 
ing adopted by a farmer 
depends chiefly upon the soil, but largely upon 
custom. Deep ploughing should never be re- 
sorted to if it b/ings the subsoil to the surface. 
It is important, however, to plough its deeply as 
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P'08sil)lo without harm in Ihis direction for all 
fallow eroi)s. l)cep plouj^hinK, tj?o, makes the 
soil more porous, and paves tins way for shallow 
ploughing in the ea-' of most succeeding crops, 
which an? thus more (piiekly started in life. 

The dung produci'd upon the farm is usually 
employed for the wheat, mangel, and })otato 
crops, but on many occasions land is also dung(‘d 
for sw(‘des, cabbage, kohl-rabi, and maize. 
The batility of dung is not all utilised by the 
crop for which it is provided, a portion remaining 
for the benetit of succeeding crops. * 

Rotation for Lighter Soils. Tn the 
rotation designed for the lighter soils, seeds arc 
sown with the barley crop, which succeeds 
swedes which have b(‘en eaten olT by shoe]). The 
feeding of sh(‘ep on the land enriches th(* top 
three or four inches of soil, through whi(‘h 
the roots of barley ramify in search of food. 
Assuming that tin? svvedi‘s have bc(‘n grown by 
the aid of superphosj)hate, and tliat th(‘ shet^p 
have also received cake, corn, and hay, it follows 
that the manure which they drop, both liquid 
and solid, not only contains a larg(‘ ])roj)oi tion of 
tile phosjiliatcs which were distributed on the 
soil for the beiielit of the swedes, and which th(‘y 
have consequenctly taken up, but the fertilising 
constituents of the artilieial foo(i. 

It is not surprising, therefore, that even 
poor, thin soils, such as those resting on gravel 
and chalk, an? enabled to fuoduei? heavy cro|)s 
of grain and straw, and to r(‘(ain a sufiick'nt 
residue of fertility for the benetit of the clover 
or mixed seeds which are cut in the succeed- 
ing year. In many largo slu'ep-breeding districts 
th(?sc seeds, which may embrace sainfoin, sown 
alone, are, like the swedes, consumed by sheep 
receiving cake and corn, and thus the land is 
once more doubly eniichcd for the benefit of 
a sueceeding oat eiop, which many advanced 
fanners would assist with a diessing of such an 
artificial manure as sulphate of ammouia. This 
manure, on light soils, is preferred to nitrate of 
soda, as it is much loss soluble, and, eonscqueiitly, 
not so likely to be lost in the drainagi? water. 

Four • Course Rotation the Best. 
Then?*aro other rotations employed by fanners 
in various parts of (heat Britain, but the four- 
courses or Norfolk, rotation, to which we have 
specially referred, is the best foundation which 
can bo laid. The greater, however, the gra,sp 
of j)rincipl(?s, the better able is the farmer to 
form a rotation for himself, should he desire 
to juake any cjpinge. Such a man will be able 
to take “ catch ” ersps, to which wo shall 
presently refer, and to reiilace one crop by 
another, or to allow his clover mixture or seeds 
to remain a .second or even a third year before 
ploughing up for a succeeding grain crop. 

Ploughing Land for Wheat. Wheat 
is usually sown -. n land whicii has been dunged 
and which belongs to the heavier class of soil. 
The land is ploughed early, harrowed, and the 
seed drilled. In some of the lighter land districts 
where whekt is grown the soil is ploughed rather 
shallow, furrows are made with a ring-presser 
to provide a firm bed, and the seed is broad- 
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casted and coveii'd with the harrows. Heavy 
land often needs u'e;itli(‘iing afttu’ ])]oughing 
hefore harrowing is jiossible, by which we mi'an 
that the .sticky, clay-like soil turn(‘d over by 
the ])lougli must be brought to such a condition 
by the aid of wind, rain, sun, or frost that it will 
break to |)ii‘ct‘s when tlie harrows are drawn over 
it. As wheat ni'eds a firm bod, care must be 
taken not to plough too deej»ly, nor to make 
tlie soil too loose. Wlaait being an autumn -.sown 
plant, it is often essimtial to make water-furrows 
to |)rcvent rain collecting and thn.s de.vt roying it. 

Barley’s Place in the Rotation. 

The object of tlio barliy grower is not only 
to obtain a large yield, but hue samples for 
malting purpose's. In spite? of fore'igu eemipe- 
tilion anel the em|)loynicnt of barley-malt 
substitutes, a gejoel sample will slill re'alise' a 
rospeeqabk? ])iie'o ; but a sample wliieh is unfit 
for malting falls to a low figure, owing to the 
much .smalk'r value of this cf're'al for feeding 
purposes. Qualify elepeiiels upeiu the soil, the- 
season — especially eluriug ripening and harve'st- 
iiig and the' nH'the)el of cult ivatieui. In the me)st 
.suitable districts the' barley croj) is a profit- 
able' one', but, in unsuitable districts, anel large'ly 
on heavy soils, it is much more dillieult to 
obtain quality. Bark'y is very eommonly 
take'll after a re^ot cre)p ted oil by slie'op, for the? 
r(‘a.<!ou that it Ihrivi's upon the enriehe.?d shallow 
snrfae^e .soil, upon which the flock lias been 
folded to (*at off swi‘di\s, turnips, sainfoin, rape*, 
kale*, and other ])]ants ])rovid('d fe)r them. It 
is, }iow(?v('r, a recognised principle that a field 
intended for barle?y .shoulel neve?' be? too rich, 
or a sample may bo spoile'd. When, therefore, 
its condition is higlu'r than is de'sirable, oats 
or wlieat may be take'U be'feu'e* the? barley. 
Barley is also taken after a potato crop, this 
tuber, being a grejss fe'eder, seldom leaving too 
‘large a ro.sklue of ]>lant food, unless it has been 
heavily manure'd. 

Sowing Barley Seed. It is most 
essential that barle'y should be .sowni in a ve*ry 
fine seed-bed, and this is another reason why 
it should follow a root crop, for, in preparing 
for roots by .several cultivations, the tilth is 
made both deep and mellow. In sucli a case the 
land needs but a shallow ploughing, the object 
being to provide fineness above and firmness 
below, and yet the soil must bo dry. Tl^ seed- 
bed must bo prepared in dry weather by using 
the most appropriate imiilements, as the curved 
lined or drag harrow, the medium spiked han*ow, 
and the roller. Above all, poaching 
trampling by the horses) must bo avoided, 
especially where the soil runs together and 
becomes impos.sible of cultivation when trodden 
upon. In order to obtain evenness of growth, 
the seed should be drilled, that it may be 
deposited at an equal de])th. Covi'ring may bo 
completed with light harrows, that the soil above 
the seed may remain in a mellow condition. 

Spring and Winter Oats. Oats are 
sown in two seasons, although the winter oat, 
which is drilled in early autumn, is common 
to but few districts. The grain of the winter 
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variety is preferred by meAiy owners of horses, 
especially of hunters, while the straw is mnuh 
superior iu strength and form to that of th(^ 
spring oat, which is usually sown between the 
end of January and eaily April. When tin* 
weather is open, the earlier the sowing the 
better, '.rho seed bed may be deeper than for 
barley, but it is not necessary to produce so tiin^ 
a tiltli, the. oat being a vigorous growing plant, 
and thriving on almost all classes of soil which 
are sufficiently provided with food, and which 
an; clean and dry. The system of broadcasting 
the seed is (pjite common, but more seed is 
required, while tlie plants app(‘ar with much 
l(‘ss regularity, so much so that at harvest it is 
not uncommon to liiid the majority well ripened 
whil(^ (he minority are still almost green. 

Peas. Formerly it was the more general 
practice* to sow the earliest peas in autumn, 
but ill th(‘S(' days farm(*rs jirefer (‘arly s])ring. 
The pea demands a tolcraiily line seed-hed, 
for which reason tla* land should be ploughed 
as soon as jiossiblc* after the previous cro]) has 
been rc'movcd. 'Phe tirst drilling may be in 
Januaiy, if the wcatlicr permits, the bliic- 
llowercd vari(‘tics being selected, furtiu'r sowing 
following from time to tinu' until the middle 
of March. As the season advance'^, the later 
varieties are sown, l^and intended for peas 
should not be touched during wet W'(*ather, 
for, wheri* poaching follow's the treading of 
horsi's and men, success is iiupossibh*. (’are 
must be tak(.‘n to guard against the depredation 
of birds, es])e.eially of the w'oodqiigeoii. 

Beans. Beans are eonunouly taken after 
wheat on strong land, and are sown early in the 
yc'ar, what are known as w'inter beans being 
lirst selected, tlu* spring varietit‘S following in 
due eours(*. J’he bean stands moderately severe 
w'(*ather w'ithout harm on dry or w'(‘ll-drained 
land. It r(*(piiri‘S a fairly deep s(‘ed-l)(Ml, which 
iu*ed not bo exceptionally line in tilth. J’he 
land should be ploughed in aiitiimn, that its 
condition may become suffieieutly mellow’, and, 
a suitable day being selected, it may be 
harrowed down and drilled at once. When 
drilling is imjiossible, the nu’thod of dibbling 
may b(' resott(‘d to, for it occasionally hajqiens 
that sowing would otherwise be much delayed 
owing to the impossibility of taking the hom'S 
on to the land without damage. In dibbling 
holes are made with a baud -tool, and the seed 
deposited in rows at equal distances apart. 
Before the bean plant appears, harrows may be 
drawm over the field with the object of killing 
weeds which may have begun to grow^ ; when 
the rows arc sufficiently defined, the honse-hoe 
may be employed with the same object. Land 
intended for beans is occasionally manured with 
dung, covered in by the plough in autumn. 

Roots. By the preparation of the soil for 
the root crops, by which we mean mangels, kohl- 
rabi, swedes, and turnips, although potatoes 
may bo appropriately includeil, the whole 
rotation is atlect(;d. If the work is good, it 
tells upon the general yield of the four-coui>e 
rotation ; if, on the other hand, it is imperfect 


or bad, the fanner may^e prepar<*d for some 
disappc^ntmeiit at the result. 

I It may here be remarked that there are two 
classes of fallow, the one applied to land which 
carries falffiw crops, among wdiich roots arc 
included ; the other known as bare fallow, 
chi(dly applied to very heavy land. The object 
of bare fallowing was formerly intend<.*d to pro- 
vide the soil with a rest, and to give it time to 
necuinulate fertility before it was asked to 
])roducc anotlier cro[). Tn these days, ban^ 
fallowing is chiefly resorted to for the purpose 
of cleaning land, ploughing being conducted 
^rom time to lime during the hot w'(*athor of 
summer, when, by the aid of tlu^ sun, weed-lib* 
is destroyed. The more this subject is studied 
by the student the more clearly it will be shown, 
however, that, unless in exceptional ea.ses, e.. 
bare fallow is a waste. If it- is r(*garded as 
impossible to grow' a sak'able crop with profit, 
it is ]>referable to sow' for a green cro]), which 
may be ])lougluHl in as green manure, and thus 
to ])repare a field for a prolitable succession. 

Elements of Successful Root Crops* 

A successful root crop largely de[)ends upon early 
autumn ploughing. The land intended to carry 
mang('ls should first la* tackled —if ])ossible, 
immediately aft»‘r harvest. If itnu; permits, 
it may be skimmed 2 to J in. deep with tla* broad 
shar<*, which not only accomplishes (piiek work, 
but destroys growing w'c*(*ds, and induces w(‘ed 
seed to sjuout ready for subse(pi(*nt burv’ing 
wdth the plough. In this work tlu^ sun may 
])ossibIy bo an availabk* helper. Su)i.s(‘qu(‘iit 
work with tlu; harrow's will largely remove such 
obnoxious w'ceds as twitch or coiieh-grass befon* 
the plough starts its work. Jn soiue (!ases, 
esp(*cially on light soils, the st(*am cultivator is 
introduced, and the land is twice stirred, (me 
oultivalion cro.ssing the olher. Such praetie(! 
makes it (*asier for the horses wdu'n j)louglnng. 

On tin; h(nivi(‘r soils, which hav(‘ been similarly 
pre])ared .'iiid harrowed, the soil being dry, tin; 
land may be jJouglu'd to a dcjith of 0 to 7 in. 
If this is permissil)le, as it should be for the 
mangel, which flourishes b(*st on di*ep, strong, 
rich loams, the sinl may be s\ibse(piently ploughed 
with the ridging jdough, and left rough through 
the winter. By this means the clods will be 
pulverised by frost, the soil forming, the ridg('s 
will remain fairly dry, wliile the rain-water will 
find its way into the funows between.# 

Autumn Ploughing. So much depending 
upon autumn cultivation for roots, the nt'cessity of 
early sowing and harvesting w'ill bo rccognisfxl. 
But it must not be supposed that (iarly autumn 
ploughing is essential for roifts alone. The land 
may be prei)ared for ‘wheat and beans, oats and 
barley, where it is intended that the seed for 
these crops should be sown early. Land should 
not be touched with plough, harrow', or roller 
while it is wet, although there are some of the 
lighter soils upon which work may jmoeeed very 
quickly after heavy rain, and here c*xp(-*ri(‘ncc is 
important. Roots not only demand a lino and 
deep tilth, for wdii(ffi reason a fine surface tilth 
should not be; buried, but they dqmand sufficient 
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moisture near the sui-fico to encourage the carl.y 
germination of the seen. How import^t this 
point is will be seen if the thick, hard husi4 
in which the seed of the mangel lies is examined. 

Drilling of Mangels and ^Furnips. 
Both inang(‘ls and turnij)s are drilled upon the 
ridg(^ on tliii heavier soils ; the whole of the soil 
forming the ridg(^ should, therefore, he fine. 
B(‘fore ridging for the drill with the doubkj- 
bn'usted plough this being the final operation 
with this implement) — root land is usually sj)ring 
ploughed once or twice, according to its condition. 
When this is suHicicuitly perfect, the ridges are 
drawn, usually 27 in. apart, and the furrows# 
hetw(‘en manured with rotten dung, and wIhto 
mineral fcTlilisers arc employed, with these also. 
The plough then })asses through the middle of 
(‘ach ridge, splitting it in halves, covering the 
manun^, and at the same time forming th(‘ 
ridges. Th(‘S(? an; suhseqmMitly pressed with a 
light rolI(!r for it is essential to ])revent the 
soil “ running ” or slicking together by extreme 
ju'essure - and on the flat sui-facc; thus ])rodiu‘ed 
the seed is drilled. Swedes and turni|>s germinate 
better wlum drilled (piiekly after this operation, 
and while; the land is still moist. Swedess an‘ 
sown hctwe*en the' middle of May and the 
beginning of^Iuly, depending u])on the district 
and climate, the; dates of sowing being earlier 
in the Semth than in the JN’orth. Turnips are 
sown during .June and the first half of duly, 
while stubble turnips, fre‘(jue*fttly hremdejastcel, 
are sown between the middle of .July and the 
last wee‘k in August. 

The stud('nl) will dowedl to notice theditTerenee 
in the rapielity of the geu'inination of turnip seed 
on a coarse e»r dry tilth and on a tine, moist, 
fresh tilth, which has be'cn lightly rolk'd. The 
mangel, owing to its j)referene(; for stronger 
soil, is g(‘nerally sown on tlu; ridge, with manure 
beneatli ; while tlu; swede, although the same 
system of manuring is sometimes followed, is 
more eommonly manured with phosphatie 
manur(*s alone. 

It is im])ortant that in all eases the ridges upon 
which roots arc grown should not be les.s than 
27 in. apart in orchu’ that the; hors(‘-hoe may be 
more easily and advantageously employed in 
kcc^f.ing sj)ac(*s helwc'cn each row of plants 
perfectly ciean. The mang(*l plants, which, wdth 
suece> ful germination, produce almost unbroken 
rows^ are siibsecpiently singled with the hand-hoe, 
each bulb being left from \) to 1.5 in. from its 
neighbours. 'J'ho wider the bulbs are a})art the 
larger they grow, but w hile medium bulbs involve 
more labour jin lifting at harvest, they are richer 
as a food. Mangelaiuro frequently grown on the 
flat on the lighter soils, for*the reason that they 
better obtain the necessary supply of moisture. 

Mangels and Weeds. Owing, how'cver, 
to the fact that weeds grow more quickly 
than the mtingel plant, it is a good practice to 
mix with the mangel seed in the drill a small 
quantity of turnip seed, which appears earlier 
than the mangel plant ; then the tows may bo 
seen sufliciently early to introduce tlio horso-hoe 
before the wceejs have taken absolute possession 
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of the soil. The mangel is sown between the end 
of March and the middle of May, and the variety 
selected will depend upon the experience of 
the grower. 8ome find the Globe or Tankard 
superior to the Long Red, which is more difficult 
to lift owing to the fact that a large proportion 
of the roots grow within the soil. For this reason 
it frequently breaks off in pulling, involving 
extra labour or loss. The object of the giwver, 
however, should be not only to obtain w'cight per 
acre, but weight of food per aen;, and this ho 
will secure )iy soleeting variiiies which are 
known to contain a high [)ro[)<)itioTi of feeding 
matter, and to grow them closer together in the 
rows than usual. 

Where blanks occur in a mangel field they 
may be filled np by planting cabbage or kohl- 
rabi, unlc'ss, swede s(‘ed haviiig bf'cn sown with 
the mangel seed, plants of this root arc in 
])o.sscssion. Whether the mangel land has b(‘en 
supplied with dung, aft('r j)l()ugliirig iu atiluinn. 
or under the scH’d in spring, it may be advan- 
tageously dress(‘(I with nitrate of soda during 
its early growth. Tliis fertiliser may l)o sup]>lied 
at the rate of .1 to J cvvt. p(;r aiae when the 
young plants have been a forlniglit above; 
gromul, w’hile a second and similar dressing 
may be provided Avhen they are half growm. 

Clovers and Seeds. Glover is usually 
sown alone, a common practice with the broad 
red and crimson vari(‘ti(‘S, to vvliieb reference 
has been math;; but under varied eoiulitions. 
depending U])on the purj)ose for wdiieh the crop 
is required, and upon souie soils, tlie charactei' 
of which must always bo consulted, mixtures 
arc sometimes ])Tefi*ried. These mixtures may 
consist of the clovers ])roper broad red. cow- 
grass, alsike, and white, or one or more of these 
varieties added to Itiilian rye grass, or, where 
the plant is to remain on the ground for two 
years or more, yet temjmrarily, with the addition 
of cocksfoot, eat^tail, and occasionally luctu’ue 
and sinoolh and lough stalked meadow- grass, 
as showm in the chapter on grasses. Temporary 
mixtures are usually know n as “ seeds,” or 
” leys,” .and tlu; seeds are sown with a corn crop. 

C’lover is usually drilled, especially w'hcrc it 
is grown wdth w-heat, hut the scaal should not 
bo d(‘posited more lliaii half an inch in depth. 
Where, as should l.)e the case, the soil covers the 
seed after the drill, it may be found sufficumt 
to roll it, otherwise, as w-hcrc it is broadcasted 
with the seed- barrow-, it should be covered with 
light harrows, and subsequently rolled. Jji 
some instances it is sufficient to cover with .a 
bu.sli-harrow-, skilfully made by^ fixing a numlxa- 
of strong blackthorn boughs to a hurdle or an 
implement equally convenient. Again, some 
farmers find it satisfactory to cover the seed 
with a borso-rakc, but in all cases rolling, the 
weight of the roller depending upon the class 
and condition of the soil, should follow. The 
farmer, too, must judge whether bo should sow 
his mixture of seeds at one or two operations. 
The seed- barrow is of groat width, and takes a 
long sweep, but, careful as the workman mav be, 
he frequently misses the lino of seeding, with the 
result that when the plant appears many ])laces 



are recognised which were never seeded at all. 
This is prevented by dividing the seed into two 
portions, and sowing the second portion across 
tlio first. In using the seed -barrow it may 
constantly happen, too, unless care is exercised, 
that the small, heavy clover seeds remain at the 
bottom of the box, and are not equally scattered 
with the grass seeds by the brushes within. 

Time for Drilling Seeds. Occasionally 
seed is drilled with spring com, but on soils where 
the tilth is fine and deep this is liable to bury 
the fine clover and grass seeds, which prefer a 
shallow, firm bed. Tbo more general practice 
is to wait until the oats or barley have appeared, 
and are sufficiently strong to permit of the drill 
being used, or for the operation as conducted 
with the seed-barrow. lioth sainfoin and 
lucerne, wdiicb may be regarded as seeds, are 
similarly drilled with or among growing corn, 
but in no ease is the crop obtained in the sanu; 
year, although, whore the growth is precocious, 
there may be sufficient green foorl cut when the 
com is harvested to improve the value of the 
straw. Th(j eropj)ing of clover, sainfoin, and 
lucerne assists in reiu^wing the fertility of the 
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in spgng for turnips to fee sown. These crops in- 
j elude crimson clover, vetches or tares, rye, winter 
barley, and oats, all of which should bo sown 
early in the autumn, that they may be cut green 
and removed early in spring. Before sow^ing 
it is advisable that the land should be well 
cleaned by surface- harrowing for the destruction 
of growing W’ceds, and to incite the germination 
of weed seeds. The land, except for trifolium 
(crimson clover), wdiich is sown upon the 
harrow'cd stubble, should be shallow ploughed, 
cam! the seed drilled and harrowed in while the 
surface is dry and kind. Where, however, time 
})ermits, deep ploughing is advisable, inasmuch 
as it will materially help a succeeding root crop. 
Catch crops are always assisted by the provision 
of a dressing of artificial manure where the soil 
is not in the best of condition. But for Iri 
folium and voteli(.*s phospluitic manures arc 
recommended, and for the een'als a eoinbination. 
not a mixture, of phosphatie ami nitrogenous 
manure (sulphate of ammonia). 

Eradication of Weeds. It is an old 

ju’overb tliat “ a weed is a i)lant out of place ” ; 
thus the wheat plant is a w'(‘(‘(l in a barley field. 
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soil, but it is inadvisable to allow either plant to 
remain down long enough to beoomo .so foul 
that the land is in part impoverished by weeds, 
or rendered difficult to clean and cultivate for 
a succeeding crop. 

In some cases, where the soil is foul, beans 
may replace clover in the rotation, for the 
rea.son that the land, as already explained, can 
be horse-hoed between the rows forming the 
crop. Land intended for seeds should always 
be well supplied with lime, which may sometimes 
save a plant from the ravages of the eel-worm, 
the chief enemy of broad clover. With this 
object half a ton of ground lime, preferably 
produced from chalk, may be sown per acre. 

Forage or Catch Ciops. ‘A ** catch 
crop is a crop which is taken between two 
regular or rotation crops, as crimson clover so'wn 
upon wheat stubble, and removed sufficiently early 


and vice versa. Where weeds are juactically 
suppressed, a farm is ri‘garded as clean ; where, 
on the contrary, they grow with freedom, the 
land is termi'd foul. One of the.most costly 
processes in agriculture is the cleaning of*a foul 
farm, for the land is actually in possession of 
perennial and of her weeds of the worst character, 
w'hicli are mo.st difficult to suppress. Large 
numbers of the most yominent weeds are 
annuals, and thew^fore easily destroyed by 
ordinary means ; but the worst of weeds, which 
are chiefly perennial, are only eradicated by 
hand labour or deep ploughing. These, which 
are the farmer’s worst enemies, include couch or 
twitch, dock, thistle, nettle, buttercup, daisy, 
coltsfoot, ra^ort, knapweed, and bindweed ; 
while among the worst of annuals are charlock, 
poppy, wild radish, mayweed, and dodder.'* 
The worst weeds, however, are not all found, 
upon the same soils ; they havo«their preferences, 
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Rome growing? naturally lipon the clays, others 
upon the chalks, and others again upon the fSlnds. 
Thus they may indicate the class of soil which 
lies beneath the surface. 

How Weeds are Introduced. Weeds 
may bo introduced to the land through the 
seed which linds its way from the stable or the 
cattle-house into th(* manure. Hay and straw 
commonly employed for stock as commonly 
•crontain a more or less important })roportion of 
dried weed plants, which shed their seed. (Irass 
seeds, too, present in the hfiy, are fre({uc‘ntly 
conveyed in the manur(‘ to the arable land; 
li(*nce one reason in favour of allowing manure 
to heat b(‘fore it is ploughed under the soil, for 
in the proi^ess of decomposition the seeds are 
destroyed. Where a corn-stack has been threshed, 
vv(‘e(l seeds are deposited in large quantities, 
• and one of the commonest sights on the average 
farm is the growth of dorks and thistles around 
the stack-yard, or in the corner of the fi(dd in 
which a stack has stood. Many weeds are con- 
veyed from the ])lant to the field by the wind ; 
others adluMV to the feet of birds, and are de- 
posited els(‘vvhf‘r(‘. Again, a ti(‘ld may be easily 
inoculated with weeds by the employment of 
impure seed, (‘|y)ecially that which is too often 
used by care'less farmc'i’s- w’c refer to the sweep- 
ings of the hay- loft. I’he roadside^s, the heelge- 
rows, unclean land on an adjoining liolding, all 
contribute, to the labour of suppressing wwds 
. on a farm which is well mauagocl, and nothing is 
more essential in clean farming than the exten- 
sion of the labour of weed suppression to every 
hedgerow and to the side's of the road which 
adjoin the farm. 

Why Weeds Need Suppression. 

If weeds are numerous they obtain the mastery, 
and while the ero]) is thinned, the soil becom(‘s 
foul, entailing great cost in cleaning and feodi^. 
W'eeds rob the cultivated plant of the foeyjUwhich 
it needs, of the moisture which ...-aiables it to 
a|)propriate food, and of tho light, which is so 
esse lit ral to healthy growth. There are w’eeds, 
like ramsons (wild garlic) and meadow saffron, 
''hicl' commimicato their flavour to milk and 
butter, and which must at any cost be suppressed 
on land occupied by a dairy herd. Whore weeds 
are iiumero||s and their growth rank, they clog 
the miper in the process of cutting and tying the 
corn, and nqjy only arc they the cause of frequent 
damage or even breakage of machinery, but they 
delay the work. 

If weeds are allowed to have their way for a 
short time, they make the cultivation of land for 
an immediate? crop Jiractically impossible. A 
foul field may uecessirate the. omission of a year’s 
cropping altogether, and this loss is increased 
by the necessity for several ploughings, with the 
object of exposing the roots of the weeds to the 
destructive heat of the sun. Where land is 
kept clean there is no necessity for summer 
fallowing of this ch'iracter. W^eds harbour 
many of the posts of Mie farm, fungi as well as 
•insects. Farm pests of the wors^ type are 
^seldom dangerous on land which is kept clean 
and in good heart. 
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1 How to Suppress Weeds. One of the 

4 most prominent and destructive of weeds is the 
yellow- flowered charlock, or kedlock, or wild 
mustard, which many farmers have in the past 
attempted to destroy by “ heading ” — i.e, 
cutting off the head or flower with the scythe 
or hook. This practice is most destructive and 
costly, and should n(W(?r be adopted. The char- 
lock miy be removed by hand-pulling, or, still 
better, destroyed by spraying with a solution of 
sulphate of copper to which quicklime has been 
added. Preparations for sj>raying a variety of 
crops an^ now in the marki't. 

• Although it is possible by frequent ploughing 
at suflleient depth to destroy docks, thistles, 
and netth's, aiul similar deep-rooted, tenacious 
plants, by far the best plan is to extirpate 
them by hand. Animal w(‘eds arc easily 
destroyed by harrowing durini; dry AV(‘ather, 
and in large part chei^ked by tli(5 introdiietion 
of a flock of sheep, esiiecially on the stubble 
after the removal of the eorn, with tlur olqcet 
of their consuming the weeds before the majority 
have shed their seed. It has been remarkial that 
the poppy, the most gaudy as well as oiu' of the 
worst of weeds, may produce over 10,000 seeds 
on a single jdant ; henot* the enormous importance' 
of pr<;venting the seeding of this spt'eios. 

Weeds and Cultivated Lands. Weeds 
which love wet soil quickly disappear when it has 
lieen drained, while by the process of high 
(jultivation — by which wc ini'an the liberal 
supfily of manure — most of the wet'ds in ])astur('s 
and meadow.s vanish, owing to what we may 
term the bi'tter lighting power of the cultivated 
grasses and clovers, which, in response to an 
increased supply of food, develop more viL^iroiis 
powers growth. 
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THE MOST OBNOXIOUS WEEDS OE THE FARM 

A — Annual. 13 Biennial. 1* Perennial. 

Arable 

Meadow and Pasture 

Corn Cockle, A. 

Rest Harrow, P. 

Chick weed, A. 

Buttercup, P. 

Charlock, A. 

Daisy, P. 

Wild Radisli, A. 

Hogweod, B. 

Willow-herb, P. 

Knapweed, P. 

Coltsfoot, P. 

Cowslip, P. 

Mayweed, 

Dandelion, P. 

Oxeve Daisy, P. 

Self-Heal, P. 

Bindweed, P. 

Plantain, P. 

Knot Grass, P. 

Sorrel, P. 

Nettle, P. 

Dock, P. 

Dock, P. 

Ladies* Smock, P. 

Ooosefoot, A. 

Ladies* Bod Straw, P. 

Horsetail, P. 

Ragwort, P. 

Poppy, A. 

Spear Thistle, B. 

Spurrey, A. 

Marsh Thistle, B. 

Shepherd’s Purse, A. 

Meadow Thistle, P. 

Groundsel, A. 

Yellow Rattle, A. 

Sow Thistle, P. 

Mallow, P. 

Dodder (clover fields), A. 

Meadow Saffron, P. 

BroomriCpe (clover fields), 

Ramsons, P. 

. P. 

Sedge (wet pasture), P. 
Rush (do. ), P. 

Moss (do.), P. 




GRO U P 6 CHEMISTR’Y • THE MATERIALS OF THE UNI7ERSE CHAPTER 7 

Elements in Series and Species. What is a Metal? 

The Elements with their Atomic Weljthjs and Symbols. 

THE AFFINITY OF ELEMENTS 


^ I *HE meaning of the periodic law can only i>e 
A t hat the oleinents are not real ly element ary, 

“ specially created,” as wo used to think that 
living species had been, but ore versions, or 
compounds, or derivatives of sonu' “one element,” 
which is siin))ly undilTerentiated matter, and 
yields all tht* kinds of (*lenionts we know, and 
many besides, by the various forms which it is 
(japable of assuming. 

Compounds as Series, ('heinistry fur- 
nishes us with a notable series of faets which will 
help us. When wc study the ‘‘chemistry of the 
carbon compounds,” we find that there are many 
long and n‘gular s(*ries of compounds which show 
various characteristics in a regular way. For 
instance, the first member of the scries may be a 
gas, the next few may be liquid, and the “ higher ” 
members of the scmtcs may be solid at ordinary 
temperaturcM Numerous other features will 
show iho same ri'gular variation as wo ascend 
from the ‘lower to the higher* rnemhers of 
such a series for inst.ince, the well-known series 
of the alcoliols. Chomh’al anrlysis has shown 
that, in siu h series, each munber differs «h wr- 
funiltji from the last in a regular way. For in- 
stance, evi'ry su(?c(‘sslve member ot the series 
called alcohols is a compound containing, in each 
smallest possible iiortion of itself, one atom of car- 
bon and two atoms of hydrogen more than the last. 

The Elements as Series. Simitar 
ideas can be aj)plied to the elements. If we take a 
series or group of elements, such as wo have seen 
to exist, and to occur at regular intervals accord- 
ing to the periodic law, may we not imagine that 
the atoms of successive members of such a series 
have got some feature of their structure repeated 
each time, just os one atom of carbon and two of 
hydrogen are repeated in each successive member 
of the series of compounds called alcohols ? 

Along such lines of thought progress is now 
being made. Just as each new member of the 
alcohol series is made by the addition of similar 
atoms to those which form th(‘ member just 
^ before it, so we can imagine that the atoms of 
successive elements in a series are formed by 
having some kind of material repeated in their 
structure, so that we get something different, 
and yot similar. If we t hink of an atom of some 
element as like an inside box of a child’s familiar 
toy, then the atom of the next element of its 
series might bo like that box plus the next 
largest box. of the same shape and material, 
placed outside it, and so on. This may seem a 
very childish sort of comparison, but it closely 
suggests the very theories upon which experi- 
menters are now working. 

Where Chemistry Joins Physics. At 
this point chemistry, in the familiar sense of the 
word, comes to a standstill. Its customary 


methods, so fruitful hitherto and in other res[)ects, 
are inap|)lieabIo here We can put elements 
together and cause them to combine, wo can ex- 
amine their bt^havioiir in hosts of ways, hut ordi- 
nary chemical exjierimonts will tell us nothing 
as to the structure of the atoms of the ekunents 
with which w(* deal. Indeed, what may be called 
orthodox chemistry, or the chemistry which was 
orthodox until the last decade, jwaetically denied 
the existence of any such questions as thost* of 
the arehitectun^ and composition of atoms. Yet 
we must go forward, and at this })oint we liNirn 
that chemistry must use the metliods of pliysics, 
and, ahov^o all, of the department of ])hysios 
which deals with electricity. The ultimati* 
problems of chemistry, dealing with the nature of 
atoms, are problems of matter in geiuTal, which 
is the business of physics. 

The Elements as Species. In J‘. 105 , in 
his Presidential Address to the British Associii- 
tion, iho late »Sir (leorgi; Darwin, a son of (’hades 
Darwin, put forward what is now known to 
he a profound and valid comfiarison. Remem- 
hering the theory of organic evolution, as laid 
down by his father. Sir Cieorge Darwin suggest t*d 
that we might look upon the elements as sfx'cies, 
and the atoms of the elements as the individuals 
of any species, and evei\ that such species of 
eh'mcnts could come into being, exist, and dis- 
appear, as in the case of living speei(‘s. Today 
wo can surely say that he was right, and further, 
that, as all living sp(‘ci(*s arc related, and all are 
variants of lif(* -whatever that may be - so all 
the elements are ndated, and all an^ variants of 
the elementary form of mattf^r - what over that 
may be. Only by the faithfid study of details 
can the naturalist hope ever to solve all th(‘ 
problems of life, and only so also can the chemist 
solve the problems of matter ; but it would 
bo hardly fair to leave the subject, as we now 
must, without very briefly noting here what the 
modern physicist-chemist, for he ^s both, is 
beginning to show. 

A Fourth State of Matter. The evidence 
accumulates in favour of the theory that There 
is a “fourth stato of matter,” in which it is 
neither gas, liquid, nor solid. In this state tiu* 
various atoms of the various elements an* 
reduced to their elements 5 whicli seem to be 
similar in all cases. The presumption raised by 
the periodio law is justified by thesis ok^ctrical 
researches which show that all the atoms of all 
elements are compounded of one and the same 
kind of unit, or real atom, which is a particle 
having marked electrical properties and com- 
monly known nowadays as an “electron.” 
Hiiving noted so much, our business is now to 
take up in? detail that study of the various * 
elements and compounds which constitutes 
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chemistry in the older sense of the word, and 
which is of greater practical, though perhaps less 
philosophical, importance today than fiver heforc. 

Ox ^iien Free and Combined. The ele- 
ments we can enumerate, and which exist long 
enough — it may be for millions of years — for us 
to study them at any length, are sometimes met 
with in their uncombined or free stale, while 
sometimes we can only study them by lirst dis- 
engaging them from their compounds. Many 
el(*inents arc to be found in both conditions — they 
occur to some ext(‘nt in the free stat(‘, and arc^ 
also met as constituents of compounds. The 
oxygen of the atmosphere is an instance. TIutc 
it exists free in vast abundance, and aho. to a 
relatively small extent, combined with hydrogen 
to form the water-vapour of the atmosphere, and 
with carbon to form the carbonic acid gas or 
' carbon dioxide, which is also a constant 
ingredient of the atmosjdieric mixture. 

Free nitrogen, we have aln^ady sisn, is 
abundant in the atmosphere. W'hen we pick up 
the stones or clay or sand beneath our f(‘(‘t, as 
samples of the (sarlh’s crust, we find that these 
things, as a rule, are compounds, though if the 
stones happ(^ to be diamonds they will be 
exce[)tions, for diamonds are ehunontary carbon. 
'Uho elements found in the compounds which 
make most of the rocks and the earth’s crust in 
general are oxygen again, silicmi and aluminium. 
And if we consider the oceans, again we find 
abundance of oxygen as one of the two elements 
which arc combined in the formation of water. 

Clements “ Left Over.** If we look at all 
the elements which are to be found making up 
land, sea and sky, oxygen is found to constitute 
about half of the whole, though it is not much 
more than one-fifth of the atmosphere. Already 
w(^ know (Miough of chemistry to bo able to 
interpret this fact. The oceans mo.stly consist of 
oxygen combined with hydrogen ; the land 
mostly consists of oxygen combined, above all, 
with silicon, and with many other elements also, 
headed by aluminium. But for rarij and com- 
paratively trifling exceptions, all these elements 
are combined with oxygen, and the free oxygen 
which remains in the atmosphere may almost 
bo look(‘d upon as tlie surplus, which wa,s left 
over wherf all the various elements, beginning 
with hydrog(;n, were combined with oxygen 
long* ago fo form the compounds which now 
constitute very nearly the whole of land and sea. 

The Elements Under Heat. The study 
of the chemistry of the sun, which must later 
engage us, will serve to explain the tremendous 
chapter of chemicalhistory of which the results 
are before us, and under our feet, and round our 
bodie.s. At very high temi)cratures, the com- 
pounds of oxygen with other elements, and, 
indeed, compounds in general, cannot exist ; the 
heat, so to say, drives apart or keeps apart atoms 
which would otherwise combing. The sun 
illustrates that state of things now, for we can 
prove the presence of our familiar terrestrial 
elements there, but as elements^ uncombined. 
The earth, we«have clear evidence, was once 
intensely hot, as the sun is (though not neces- 
sarily at the same temperature as the sua now 
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is), and in those conditions the compounds which 
wo now know could not exist. 

But gradually, we must believe, the tem- 
perature fell, and the time would oomo when 
most of the atoms of the otluT elomorts which 
can combine with oxygem — hydrogen, and all 
the rcst^ — would do so, producing water and all 
the other compounds which we are about to 
study. This was a process of combustion or 
burning, and must itself have produced a great 
deal of heat, thus retarding, to some extent, the 
ag('-long process of earth-cooling. And our 
present atmo.sphcre, w^e observe, almost wholly 
consists of nitrogen, which has very little tend- 
eney to unite with oxygen, and of oxygen itself, 
which has, so to say, been left over from the wast 
(piantity of free oxygen which once formed part 
of the atmosj)here of the earth, and .so much of 
which w.as later combined with other elements 
to form our land and sea. 

The Metal Group. If wo had samples of 
all the known elements Ix'forc us, and were asked 
to group th(‘.m, one of the groups, and much the 
larg(\st, would certainly consist of what are 
calk'd the medals. Thc.se arc of immense imi)ort- 
aneo for civilisation, as the very names of pa.st 
epochs of human history serve to show ; and, 
index'd, t heir ])ractit!al manipulation and working 
constitute one of the most important of all 
branches of human industry today. The science 
of Metallurgy needs a course to itself, hut hc'ii' 
we may brieliy note a few of the characti'iisties 
which lixid the chemist to ])iek out cc'rtairi 
elements from all others, and call them by tlui 
common name of metals. They have a “ metallic" 
glitter or lustre, they are usually heavy elements, 
th(^y conduct heat wadi, and electricity well — a 
most imj>ortant fact— and t hey are also variously 
capable of being molted, drawm into wires, beat(‘n 
into plates, or otherwise made to a.ssume various 
shapes, as most other elements are not. In this 
way they often discharge invaluable service's 
for mankind. We have seen that they are usually 
heavy ; and, with the single and st range exception 
of mercury, all .solid at ordinary temperatures. 

Man Before Metals. The list of the recog- 
nised and stable elements still falls far short 
of a hundred, but more than fifty of them are 
metals. Six of them — gold, silver, tin, copper, 
iron, and load — were familiar in their elementary 
or metallic form to the ancient world — though, as ’ 
has been already noted in this course, time was 
when man had no knowledge or control of any 
metal in its metallic state, and in that Age of 
Stone little progress or none was to bo expected — 
.so important are the physical properties of the 
metallic elements. Not that man was, even then 
without the use of iron, for it was, as it is, an 
essential constituent of every drop of his blood. 

False Tests of Metals. The student will 
now rightly demand a definition of the metals, 
but this is not so easy as might bo supposed. 
It used to be thought that, in order to call an 
element a metal, it must be capable of being molted 
by heat, without undergoing any other change, 
and of being beaten out into plates by a hammer. 
An element which has these characters is said 
to be respeotively fusible and maUeablOr The 



malleability of gold is remarkable, even among 
the elements, as the thinnass of the finest gold 
leaf testifies. The notion that mercury was a 
motal seemed imi)ossible at one time, because 
solidity was regarded as essential for the metallic 
state. But mercury can be frozen, and then 
there is no doubt that it is an element. In fact, 
the question of solidity or non-solidity is clearly 
of no chemical importance, for anything may 
bo solid, liquid, or gaseous, according to tem- 
jjerature. The of her metals are merely frozen — 
or, as we usually say, solid— at higher tempera- 
tures than mcTCury ; or, to put it in another way, 
if we began with all the metals hot and liquifl. 
and cooled them, mercury would be the last to 
freeze; that is all. 

Weight also is not a satisfactory test of a 
metal, for the metal lithium is the lightest solid 
known. Again, there are elements which b(ihave 
like metals and look like metals, but are brittle 
instead of being malleable ; so that breaks down 
as an absolute test of a metal. In fact, it is better 
to abandon all such tests, though not forgetting 
how widely they do ai>ply, and instead we may 
note a purely chemical tost, part of which we 
have already learnt incidentally. 

Bases, Acids, and Salts, In general, 
a metal is capable of combining with oxygen, and 
such a compound will be called an oxide of the 
metal in question. Much of the “dry land” 
consists of such oxides, or is derived from them, 
and we have already seen how they must hav(5 
been formed, after the period when metals and 
oxygen all existed free in the atmosphere of the 
earth, as tluiy do now in that of the sun. 

But chemistry has a special name for the oxide 
of a metal. These compounds are called 6u.vf.v. 
Now, non-metals also combine with oxygen (a 
word which means acichmaher), and such com- 
pounds are called acida. When acids and bases 
act upon one another salts are formed. Here, 
then, are three fundamental terms which must 
be learnt and understood, for they occur in- 
cessantly in all chemical discussions. For the 
moment, these facts specially interest us as 
showing that there is a real meaning in tlie group- 
ing of certain elements as metals, even though 
most or all of the general notions of a metal 
break down in this instance of a motal or that. 
They have a common chemical behaviour, 
common “chemical affinities,” as used to bo 
said, and on those sufficient and profound 
though mysterious grounds, far more significant 
than “ metallic glitter ” or malleability, wo may 
retain and recognise the great division of the 
elements into metals and non-metals. 

Elemental Groupings. What we have 
just learnt is typical of the kind of thing that 
chemistry has to study — the elements, their 
simple compounds, and the fashion into which 
these fall into groups, any member of one of 
which tends to react in a definite chemical way 
with any member of another. Hence “ laws ” 
can be formulated and predictions made, which 
will be true, under similar conditions, eveiy- 
where — ^in a fireplace, or a retort, or the human 
brain, or the leaf of a plant, or the atmosphere of 
a planet, or the interior of the furthest star. . 

2i 
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[lore aro not several kinds of chemistry, but one 
chemistry, of which living and not-living matter, 
the earth, Mio sun and the stars, are all illus- 
trations. This is the simi)le and colossal state- 
ment which gives the chemist his significance. 

The WorK of the Chemist. When the 
chemist combines a metal with oxygen to form 
a base, and when he cojiibines a non-metal 
with oxyg(ui (and water) to form an acid, aiul 
then puts together a few drops of each in a little 
tube of glass, to form a salt, he is repeating, on 
j tiny scale, the very processes by which the 
world as wo know it has bc^en (evolved ; and thus, 
in short, every reaction which ho observes, on 
however small a scale, may contributes to our 
knowledge of the history and the destiny of 
man, or of the Milky Way. Oxygen is oxygen 
everywhere and at all times, and behaves aeoord- 
ingly. Nature is uniform, consistent ; w^e hold a 
kind of e])itome of th(^ heavens in a grain of sand ; 
and the student working in his laboratory is as 
siin‘ly “thinking the thoughts of God after 
him ” as the^ astronomer, the psychologist, or 
any lofty philosopher whatever. This is to be 
remembered wlien we work away at small and 
tiresome details; each of them is^an essential 
part of the Universal Whole. 

So far as we yet know, the matter of the 
Universe is conqxjsc'd of th(^ elements given in 
the list on page But this list of th<* 

elements is not to bo looked at without the 
remoinbrauce of two facts ; first, that tluNse are 
not ultimately elements, and second, that they 
include merely the elements of long duration. 
The “short-lived” elements, interm<‘diate evo- 
lutionary forms, between certain of those in this 
list, arc of unknown number, and may bo far 
more numerous than all the elements here 
named. Oppo.sito the name of each “ perma- 
nent ” element, tis chemists beginning to call 
them - though the term is only relative, for 
none are eternal — is ])Iaeed a letter or two which 
is known throughout the civilised world as the 
“symbol” of the cl(*ment. It is simply a con- 
venient, brief name*, agreed upon internationally, 
and invaluable for the study of chemistry. 

The Origin and Importance of Sym» 
bols. Usually the symbol is derived from 
the Latin name of the (*loment, and •is easily 
remembered. The student must familiarise 
himself with the symbols of the more ftn[>ortant 
elements, or he can get no further. He will find 
that this becomes quite easy, for soon the 
symbols seem as “ natural ” as the names them- 
selves. In the third column is a figure which i^ 
what is called the “ atomic® weight ” of the 
element, a phrase which wo shall very short ly 
consider in exact terms. A table like this is never 
anything more than provisional. The time has 
passed when we may expect that any of tin* 
names in it will disappear, through a discovery 
that the supposed element is a mixture of other 
elements alreadj^ in the list. The symbols may 
also be counted upon as fixed. But the student 
must not regard the list as complete, for addi- 
tions will doubtless need to be qiade to it in 
the future, even though we can scarcely expect 
anytffing so surprising os the discovery of several 
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clemouts in tho atinosphoro, as happoifxl will 
and after tho di»c*ovcry of argon. As for the 
“ atomic weights,” they vary tn s^mc extent 
according to different authorities. There has 
been a sc;rious difficulty about the atomic weight 
of radium, for instance, and many chemists 
occupy all thiur time in tho “re-determination 
of atomic weights,” in order to obtain more exact 
results than those now available. 

Further, in this table, we give round numbers, 
aft if all the other elements had atomic weights 
whi(‘h wei'o exact multiples of the atomic weight 
of hydrogen, which is ])ut down as one. Thaf 
would be very signilicant if it were so, but really 
it is not so, and the relations betwec'ii the atomic 
weights of the various eleimmts are by no means 
so simpK; as this table, or any table confined to 
round numbers, must suggest. 

The Study of Atomic Weight. The 

laborious task of caleiilating the atomic weight 
of an element is immensely worth doing today, 
because we know that the elements are related; 
that atoms of om‘kin(l of element are discharged 
from, and formerly formed sub-atoms of, the atoms 

another (dement ; and therefore the exactest 
possible est iiiiaf ion of the relative weights of tlM‘se 
atoms is <‘sseutial for our solution of the greatest 
of ehemieal problems — the nature and construe- 
tioii of atoms themsedves. But also these calcu- 
lations ar(‘ invaluable biM-aime they may h^ad 
to th(‘ diseovery of n(*w el(*ments. One chemist 
had l)een using ou(‘ n\(dIio{|, and another another. 
'Ihev g(d (lilT<'r<‘nt results, and tho differeue(‘ 
remains when the work is dcau; over again. Then 
impiiry shows that there is an unknown factor at 
work in the one case, hut not in the other, and 
that uiiknowii factor may be a lU'W ek'inent. 
It ^^as in this fashion that argon was dis- 
cos ered, an rk-nient Avhich constitutes about 


one per cent, of the atinospliero, but of which 
no Olio had guessed the oxistenoo previously. 

Oxyeen as a Standard of Weight* 

When first tho attempt was made to form a table 
of atomic weights, the meaning of such a table 
was thought to be much simpler than wo can now 
believe. The lightest atom is that of hydrogen. 
Take it as the unit, and call it one. Other 
atoms are found to be, often very closely, mere 
multiples of that unit ; oxygon comes out at 
about sixteen, carbon at twelve, and so on. 

Hence we may guess that the oxygen atom is 
irally sixteen hydrogen atoms in some kind of 
(dose combination, and so with tho atoms of 
other elem(‘nts. Tho relative weights did not 
always come out as round numbers, yet they \V('ie 
very nearly so. and perhaps (‘xptndmenlal error 
might account for the diff(‘rence. But it does not 
do so. For instaiiec, taking tho atomic weight 
of hydrogen as one, a host of observations, by 
various methods, over many years, sliow beyond 
doubt that tho atomic widght of oxygen is not 
f/nife sixteen. The simple tlu'ory must be 
abandomKl, for this fact disposes of it. Indeed, 
chemists hav(^ found that there is a more conv(‘- 
nient method than the older one of taking the 
lightest atom as the unit and ealculating the 
others from it. A better plan is to call tln‘ 
atomic w'(‘ight of oxygc‘n sixte(‘U (instead of 
iK’arly sixtiH'u), and to ealculab* all the other 
atomic w'(dghts relativ(dy to that. For some 
romarkahle reason, which must Ixj signiticant, we 
find that an astonishing number of other atomic 
w'ldghts now conn^ out as whole numbers, oi* 
very iwirly whole numbers, and even though we 
now have to call tho atomi(! weight of our light('sr 
atom 1*008 insb'ad of 1, the n(‘\v table is 
simpler and therefore much (uisiur to remi‘mh(‘r 
than the old one was. C, W. yALFFBY 


Niiiii.- 

symbol 

Ati'iiiio 

WriKlit 

Niuiio 

ihIh*! 

Atomic 

Weight 


S) inljol 

.Atoinio 

W.'iKl.t 

.Mujuiiiiinn . 

... Al 

27 

Hydrogel J 

11 

1 

Rutlieuium 

Ru 

102 

AntimojjN ;St 

urn) Si) 

120 

Indium 

III 

114 

Samariuui 

Sm 

150 

Argon 

... A 

40 

Iodine 

I 

127 

Seal id iu in 

So 

43 

Afsenic ... 

... As 

75 

Iridium 

Ir 

193 

Selenium 

Se 

77 

Karin 111 ... 

... Ba 

137 

Iron (I’Vrruin) 

F 

5G 

Silicon 

Si 

28 

Bci*} llinni 

... Bo 

y 

Krypton 

Kr 

HI 

Silver (Argentum)... 

Ag 

lOS 

Bismuth.. . 

... Bi 

208 

Lanthanum 

La 

138 

Sodium (Natrium) 

Na 

23 

Boroif 

... B 

11 

Lead (Blumbu::' ) ... 

Pb 

20G 

Strontium 

Sr 

87 

Bromine ... 

... Br 

80 

lathiuin 

Li 

7 

Sulphur 

S 

32 

^CaclmKiin 

... C(1 

112 

"MagUMsium 

Mg 

24 

Tantalum 

'ra 

183 

Caesiuru . . 

... (.’s 

133 

^lauganese 

Mn 

65 

Tellurium 

To 

124 

Calcium ... 

. . . (.'a 

40 

Mercury (liyar.,r- 



Terbium 

Tb 

im 

Carbon ... 

... C 

12 

gyrum) 

Hg 

200 

Thallium 

T1 

204 

Cerium ... 

... Ce 

140 

Molybdenum 

Mo 

97 

Thorium 

Th 

232 

Chloriii(5 ... 

^ ... Cl 

35 

Neon 

No 

20 

Thulium 

Tm 

171 

Chromium 

... Cr 

52 

Nickel 

Ni 

59 

Tin (Stannum) 

Sn 

118 

Cobalt 

... Co 

50 

Nitrogen 

N 

14 

Titanium 

Ti 

48 

Columbiui'i 

... Cb 

94 

Osmium 

Oh 

195 

Tungsten (Wolfram) 

W 

184 

Copper . . . 

. . . Cu 

03 

Oxyg(*n 

0 

16 

Uranium 

U 

240 

Duly mi inn 

... li 

142 

Palladium 

Pd 

105 

Vanadium 

V 

51 

Erbium ... 

... Er 

lOG 

Phosphorus 

P 

31 

Xenon 

Xe 

128 

Fluorine . . . 

... F 

19 

Platinum 

Pb 

195 

Ytterbium 

Yb 

173 

Gadolinium 

.. Gd 

150 

Potassium (Kaliuin) 

R 

89 

Yttrium 

Yt 

90 

Gallium ... 

... Ga 

70 

Praseodymium 

Pr 

140 

Zinc 

Zn 

65 

Germanium 

... Ge 

72 « 

1 Radium 

Rd 

225 

Zirconium 

Zr 

91 

Gold (Auruiii’) 

... Au 

198 

Rhodium 

Rh 

103 


Helium ... 

... IIo 

2 

Rubidium 

Rb 

85 
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GROUP 7-HIS TORY ■*THE STOR Y OF f il A 6E$ AND PEQP L ES-CHAPTER 7 

The Struf^f^les by ^hich Rome Attained Supremacy Among 
the Peoples and Towns of Italy, and The Punic Wars, 

THE RISE OF THE ROMAN STATE 


Carly in the eighth century, about the 
^ time when the Phoenician# were 
lounding their great advance post at Car- 
thage, on the northern coast of Africa, and 
when tlie Homeric poems were being com- 
posed in Hellas, the story of Rome was 
beginning. The traditional dale of the 
founding of the city was the year 753 b.c. 
Whether that date is accurate or not, 
somewhere about that period Italy between 
the Apennines and the Western sea was in 
the occupation of two races. North of 
the River Tiber, the Etruscans, a non- 
Aryan race, had established themselves. 
They may have been akin to the pre- 
Hellenic inhabitants of the idi)gean Islands, 
but this is merely a matter of conjecture. 
South of the Tiber the Latins, who were of 
Aryan stock and were distinctly akin to 
the Hellenes, had taken possession of the 
great plains and the foot-hills. Down 
upon them from tlie north and east were 
pressing the more nearly related tribes of 
the Sabelliaus, Sabines, or Samnites, names 
which arc all probably variants of one 
original title. 1 he* Latins were establish- 
ing themselves in cities in the same fashion 
as the (h*eeks. 

The site of Rome is a strong strategical 
position, commanding the passage of the 
l iber. According to the tradition, Romu- 
lus, the son of tlie war god Mars and one of 
the “ vestals,” built the city and estab- 
lished himself there with a band of war- 
like followers over whom he ruled ; and lie 
was succeeded by six other kings, the last 
of whom, Tarquin the Proud, was expelled 
in 509 B.C., at the very time when the 
Athenians were ejecting their own tyrants. 

Probably^ Latins founded the city as a 
frontier fort, and there were long struggles, 
during whicli Sabines and Etruscans occa- 
sionally dominated it. Certainly we need 
not believe in the actual seven kings, who 
were supposed to have reigned for 244 
years, with an average of 35 y^ears apiece I 
Evidently, however, the dynasty which 
was finally expelled was Etruscan, and 
their expulsion was a victory of the com- 
bined Latin and Sabine elements in the 
city. We must remember always that the 
citv meant not merely the actual walled 


town, but, in addi'ion, the extensive 
agricultural districts attached to it. 

Rome became a state ruled by the 
families of high descent who were called 
“ Patricians ; ” to all Romans from thence- 
forth the name of king was as detestable 
as was the name of tyrant to an Athenian. 
At the end of some two hundred years 
Rome had achieved an ascendency over 
all Italy west of the A])ennines. At the 
end of another century she had resisted 
and shattered the attack of ('arthage, and 
was mistress of all the Mediterranean lands 
west of the (h*eek peninsula. In another 
seventy years her dominion was beginning 
to expand into Asia itself. 

There are three aspects undei^ which the 
story of Rome must be reviewed the 
struggle with rival states; the struggle 
between the Patrician, or noble class, and 
the ordinary freSmen, or Plebeians ; and 
the methods by which Rome succeeded in 
uniting Italy under her leadership. 

At the beginning of the fifth century, 
when the (ireeks were on the point of 
engaging in the great struggle between 
IList and West, it was doubtful whelher 
non-Aryan Etruscans or Aryan l.atins and 
Sabelliaus were destined to dominate Italy. 
The moment of the struggle betveen 
Persia and Western Hellas was seized by 
the Oriental Carthaginians to engage in a 
struggle with the Eastern Hellenes in 
Sicily^ The Etruscans would seem to 
have seized the same opportunity to 
develop their attack upon the Aiyans. 

Though the Romans expelled the Etrus- 
can dynasty, it is doubtful wheUier tin* 
Latins, of whom they were the leaders, 
would have proved successful in tlie 
struggle but for the fact that the Sicilian 
(ii'ceks successfully repelled ih& Cartha- 
ginian attack at Himcra, in the same 
month as Salamis, and immediately^ after- 
wards utterly^ shattered the Etruscan licet. 
This great blow to the Etruscans was 
probably decisive in enabling the Latins 
to hold the EHuscans behind the lines of 
the Tiber. Tlie struggles of Rome thence- 
forth are ncit with a united power of 
Etruria, but with great Etruscan cities. 
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with the invading; Sabellian tribes, slid witl 
I^atin cities which disputed the supremacy 8h< 
was achieving by the ceaseless wars — forced 
upon her by her strategic position. * About the 
end of the fifth century, when the Peloponnesian 
war came to an end, Rome finally destroyed her 
most powerful Etruscan rival, Vcii. 

The Celtic Tide. For some time post the 
O.ltic tide had been flowing through the Alpine 
passes into the plain of the Po. Then the 
deluge burst over the Apennines, broke up the 
Etruscan powder, and surged up to the walla of 
Rome herself. Rome was captured by tht( 
( iauls. Then the invading tide ebbed again ; a 
Roman army inflicted a decisive defeat upon the 
(Iauls by the River Allia, and the Celts dis- 
appeared again over the Apennines. 

Grievously though Rome must have been 
shaken by the Gallic onslaught, her triumph at 
1 he Allia proved that she had not been crushed. 
Mainly upon her had rested the defence of Latium, 
the states of the Latin League, against the incur- 
"sions of the Sabellian mountaineers. She did 
not lose the supremacy which she had won. But 
the Latin league like the Delian League waa 
growing restive ; Rome was becoming more 
and more iSistrcss, instead of merely a leader. 
Many of the Latin cities revolted ; the result 
only strengthened the Roman position, and the 
Latin League was broken up^thc cities becoming 
nominally allies, but actually subordinates of the 
cify on the Tiber, though with varying degrees 
of independence. 

Rome Predominant. Then came tne 
Hnal struggle with the Sabellians, who had 
been penned back on the north-east, but who 
now, under the name of Samnites, were pressing 
upon the south-east of Latium and Campania. 
The Samnite wars did not end with the subjuga- 
tion of the Samnites, but in a treaty which left 
them in complete independence, as allies with 
Rome on equal terms. 

Now, in the early days of the Latin League the 
various cities of the Tx'aguo were theoretically 
on an equality. But united action could not 
bo imposed upon them. For the mere purposes 
of mutual defence it became imperative for 
Rome, in the exposed position w'hich she held, 
to claim the right of controlling alliances and of 
deciding when the League should go to war and 
wjien if should make peace. Equality dis- 
appeared. In the course of time there resulted 
an arrangement under which cities were admitted 
to the League only upon conditions which con- 
stantly s^engthened the position of Rome in 
relation to her fellies. Rome claimed for her 
own citizens freedom of trade in the other cities, 
and, in effect, the position of full citizens. But 
she did not permit to her allies free access to her 
own markets or the right of marrying into 
Roman families. 

During the fourth century she developed the 
concession of grades of privilege. There were 
cities which entirely lost their individuality as 
states by simple enrolment amoifg the citizens of 
Rome — a privilege actually less than it sounds, 
because it was only dwellers near Romo who 
could take part in any of the Roman political 

844 


assemblies. The representative principle had not 
yet been discovered, and personal attendance 
was necessary. On the next plane were the cities 
to which were granted all the ordinary civil rights 
of Roman citizens, but without any political 
franchise. These came to be known as the cities 
with “ Latin rights.” On a sj;ill low^er plane were 
the cities which after the dissolution of the Latin 
liCague itself were allowed to enjoy local self- 
government, but had neither the political fran- 
chise nor the civil rights of Roman citizens. The 
control of war and peace and the conduct of the 
armies remained entirely in the hands of Rome, 
as in effect did the whole military organisation. 
This method guaranteed the protection of Romo 
or of the power of Rome to all her allies, while 
all had before them the prospect of the con- 
cession of further privileges if they rendered loyal 
service to the common cause. It was only at a 
still later stage that a yet lower grade was 
created of towns, or (in the mountains) of tribes, 
directly subordinate to a Roman magistrate. 

Rule by Magistrates. The monarchy had 
been replaced by magistrates, at the head of 
whom were the two consuls, the chi(‘f magis- 
trates at home, and eommanclcrs-in-chief of the 
army in the held. They could not make laws ; 
actual legislation was the function of the as- 
semblies. the Cornitia ; but it was only by the 
magistrates that a new law could be submitted. 
The double magistracy was a security against one 
man converting his office into a “ Tyranny.’* 

The magistrates were elected by popular vote, 
but only Patricians were eligible, 'j'hey could, 
on an emergency, nominate a “ dictator,” en- 
dowed with supreme and sole authority for a 
term of six months. They were expected to be 
guided by the council called the Senate ; but the 
Senate itself was a Patrician body. 

Magistrates exclusively Patrician naturally 
viewed most questions from the point of view 
of their own order. A few years after the ex- 
pulsion of the Tarquins, the Plebeians formed an 
organisation to protest against the existing 
system. The Roman legions had just returned 
to Romo, after a conquering campaign, when they 
received a command to prepare for a second 
ex|Xidition. The legionary soldiers were all 
Plebeians, and at this serious crisis resolved 
to act together for their common interests. 
Reforms had for some time been promised them, 
and they now demanded that these reforms 
should be made realities. 

The Effects of Patrician Narrowness. 
The Patricians would not yield os yet, and 
the victorious legions therefore withdrew from 
the city and took up their oosition 8omf‘ 
miles away on a hill afterwards known as 
Mons Sacer, or the Sacred Mountain. Thc‘ 
Patrician rulers found that the time had come 
when it was no longer passible to avoir) 
making some concession, and they asked the 
legioYis to make known the terms oh which they 
would return to the service of the State. The 
Plebeians thereupon voted that magistrates 
should be appointed from the unprivileged orders 
to protect the interests of the people. There 
was nothing for it but to yield to these 
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demands. Two Plebeian m agist who|e 

number was afterwards increased, desig!iated 
Tril)unes of th(‘ ju^ople, were appoinl(‘d, having 
as th(‘ir function and their right t fie protection 
of the interests of their own order, the power of 
introducing and vetoing l(‘gislauon, and of for- 
bidding siimmarv action on the part of the 
I^a t ric i an m a g i s t ra t es. 

Law Fixed in Writing. The next im- 
portant step was to procure a written code, which 
could not be perverted or misinterpreted at the 
will of the magistrate. To prepare this code 
a commission of ten men — dtceni - the De- 

cemvirs, was appointed. To them was assigned, 
for a year, the whole government of Rome, 
during which time the new code was brought to 
completion. Tlie code w^as Hnally accepted— 
willingly by the Plebeians, unwillingly by the 
Patriei»xns. 'rhe law's were WTitten on ten 
metallic tables and S('t up in the place where 
the legislative assembly held its sittings. 

Tradition ass(‘rts that the D(‘cemvirs at- 
tempted to transform themselves into a per- 
manent controlling body, headed by one Appius 


eligible, were occasionally appointed instead of 
consuls. Now. the Licinian law required that one 
consul should always be a Pl(‘beian. From this 
time the old strife between the orders vanished. 
The Patricians became mingled with a new 
Plebeian oligarchy of wealth, who combined with 
them in the Senate itself and shared the magis- 
tracies with them. 

The Drawback of Great Estates. Tn 

spite of attempts to check it, the practice con- 
tinued by which the “public land” rented from 
the State accumulated in the form of great estates 
held by a few individuals, and worked largely 
by slave labour, to the detriment of the free 
labourers. The Licinian Rogations limitc'd the 
size of estates, but w'as soon practically a dead 
letter. This, howev^cr, was felt the less Ix'cause, 
with every ac((uisition of territory, “colonies” 
of citizens were planted on the soil 1o stu've as 
a garrison. At the same time many of tlie best 
of the yeoman class were consequently removed 
to a distance from Rome, and could not partici- 
pate actively in the ])olitics of the great city. 

The exi)ariding powxT of Roim; brought her 
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Claudius, whose tyrannical attempts to claim 
a free- bom maiden, Virginia, as his slave caused 
her father to stab her in order to protect her 
honour — the story told by Macaulay in the 
‘‘ Lays Ancient Rome.” Popular sentiment 
was so liercely aroused that the Decemvirs w'erc 
ovprthro^m, and government through consuls, 
Patrieian magistrates, and tribunes w as restored. 

Overthrown Barriers. Law’s were 
passed about this time to ensure the in- 
violability 'of tli(% Plebeian as well as of the 
Patrician magistrates, to prohibit the creation 
of any magistrate without right of appeal, and 
to allow of marriage between Patricians and 
Plebeians. This struck at the very heart of tho 
whole legalised Patrician system, by encouraging 
marriages hitherto prohibited, and breaking 
down the barrier brtw’een the tvno orders. 

The next great step in^thc struggle is marked 
by the Licinian Rogations in 3(>7. tTho Plebeians 
liad very promptly put forward a demand for 
admission toi the consulship. But, instead of 
this, military tribunes, for w’hich both orders were 
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in contact with the Greek colonies of Soutbern 
Italy, and, early in the third century, into direct 
collision with Tarentiim. The Tarentines in- 
vited to their aid Pyrrhus, King of Kpirus, on the 
(*ast<‘ni shore of the Adriatic 8ea, a brilliant 
soldier who had been taking a hand in the 
dynastic struggles which followed after the d<>ath 
of Alexander the threat. Pyrrhus came w'jjUi a 
considerable army and a largo number of 
elephants. His first battle w’as long and fierce, 
and he lost in it a large number of his fighting 
men ; but ho won an unquestionable victory, 
mainly because of the presence of elephants 
— creatures such as tho Romans had never seen 
before, and against which they did not well 
know how’ to contend. 

Pyrrhus seems to have well understood the 
nature of his victory, for tradition reports him 
to have said that after one other such victory 
1 c must have to return to Epirus alone. Some 
of Uio Italian states, who w’ere growing jealous 
of tho spreading power of Rome, became allies of 
Pyrrhus, and encouraged him in his northward 
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march. He pressed on to within 20 Viiles 
Rome, but there he found that the Roman 
preparations for defence were too strong for an 
attack with liis remaining army. Ho fell back 
southward, and passed a winter in Tarentum. 

The Pyrrhic Truce. Pyrrhus once more 
measured his strength with the Romans, and was 
victorimis, but at so heavy a cost that he found 
it necessary to withdraw for another interval 
to Tarentum, and do his best to restore the 
strength of his force. A truce was agreed 
upon between Pyrrhus and the Romans, and 
Pyrrhus entered upon a new war-like enterprise* 
He went into Sicily to help the Sicilian Greeks 
against the Carthaginians, who were now be- 
coming a formidable invading power endowed 
with a passion for conquest. Pyrrhus had much 
the same sort of fortune in Sicily as that which 
he had experienced in Italy. He began 
splendidly, but after a while received a severe 
repulse from the Carthaginians — a repulse which 
seems to have marred his calculations and dulled 
his hopes of ultimate success. 

A Perpetual Fight. The Sicilian Greeks 
and Pyrrhus did not get on well logedher, 
and so aft^r a while he withdrew his forces 
from Sicily, with the object of again making 
war upon Romo. A serious mishap came 
upon him while he was crossing from Sicily 
to Italy. The Carthaginians attacked him with 
their navy and destroyed the greater number of 
his veasols. Pyrrhus waS not a man to be 
discouraged even by heavy losses, and ho went 
on with his attempts at the capture of Romo 
as if nothing had happened to diminish his 
military and naval strength. Again, the war 
god Mars, as would then have beem believed, was 
against Pyrrhus. He sustained a heavy defeat 
at the hands of the Roman consul, Curius 
Dontatus, and this ended his efforts to conquer 
Rome. He had to leave Italy and return to his 
’ own kingdom, Epirus, where he arrived with but 
a very small fraction of the army with which he 
had set out upon his expedition. The great 
soldier then ren<?wed his attempts to gain the 
supremacy in Macedon and Greece, and was 
ignominiously killed at Argos by a tile flung from 
a roof. After his death Tarentum was handed 
over to tile Romans, who levelled its fortifications 
and took possession of its fleet ; and before long 
Rome hSd completed the conquest of all Italy 
except the plain of the Po. 

The Rise of Carthage. But a new rival 
in power was looming on the horizon. In the 
recess of /the ^y of Tunis was the city 
of Carthage, which had been founded, as tradi- 
tion tells us, by the Phoenicians of Tyre about 
a century before the building of Romo. The 
Phoenicians had for centuries been a seafaring 
race, and hod established many ports and stations 
on all the seas within their reach. They were not 
warriors, but wen* animated by the spirit of 
travel and of commercial enter^iso. They were 
by nature sailors and traders. They now proved 
themselves capable of brilliant war exploits os 
well ; and, rindeed, men who performed such 
daring explorations of seas hitherto unknown 
to them could hardly have wanted the courage 
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which makes the soldier. Ca/thage had long 
held a footing in Sicily, where she was often at 
strife with the Creek states - Syracuse and 
others. In some of these cities rival political 
factions called upon Carthage, or upon the now 
mighty Italian power, to aid them, and thus 
opened the groat struggle between Rome and 
Carthage known as the Punic — that is, the 
Phoenician — war. 

Hamilcar and Hannibah The war 

taught Rome that to do battle with a naval 
power she must havc^ a navy. The struggle went 
on with varying fortunes, but when per.ee was at 
length made Carthago was forced to cvacuat<’ 
Sicily. The ensuing years, however, were spent 
by the great captain Hamilcar Barca in building 
up a new Carthaginian dominion in distant Spain, 
to be the base for a new attack on Rome. 

In 218 Hamilcar was dead, but his young son 
Hannibal had been acclaimed their chit‘f by the 
for(;es in Spain. HanniL.al deliberately challenged 
a quarrel witlj Rome, au<l in that year set out 
on the wonderful march in which ho carried his 
army through Southern Gaul, burst through the 
Alps, and descended upon the northern f Iain f)t 
Italy, where he could count u})oii the help, or at 
least the neutrality, of the (hiuls. Then he 
marched towaids Rome, and ambushed the 
Homans on the shore of Lake Trasi menus. 

The victory was overwhelming ; but Hannibal 
with his small force could not hope as yet to 
beleaguer Rome itself. Ho throw himself into 
the south of Italy, while he endeavoured to 
persuade the Italians to accept him as their 
liberator from the yoke of Rome. But tin* 
Italians were stubbornly loyal, although 
Hannibal won another terrific victory over the 
Romans at Canna). 

Romeos Rally. The dominant faction in 
Carthago did not support their brilliant captain. 
Possibly the morale of his forces was hurt by 
their luxurious winter quarters at (^apua, as 
Roman tradition declarerl. Even Canna 3 did 
not really open the way for Hannibal to Rome. 
The Roman generals, too, had now learnt that it 
was their true strategy to avoid ])itchcd battles 
with their brilliant opponent, and to keep him 
cooped up in the south. 

Hannibal began to see that the resources of 
the Romans were far greater than he had sup- 
posed thorn, and that the moment one Roman 
army was defeated, with whatever amou£|t of 
loss, another Roman army as large, or larger, 
was soon in the field. He found also that many 
of the Italian states which had been subdued 
by Romo were now rallying to her side against 
the foreign invasion, and were daily rendering 
his ultimate success more and more difficult. His 
military strength was becoming gradually dimi- 
nished, and his own people at homo seemed little, 
inclined to continue to send him men and 
supplies enough to give him any hope of ultimate 
victory. His hopes now depended upon the 
arrival in the north of a fresh army from Spain 
under his brother Hasdrubal. But Hasdrubal 
on his arrival was caught and crushed by a 
brilliant movement of the Roman general Nero 
at the battle of the Motaurus, which was, in fact. 



th(' decisive^ stroke of the war. Hannibal now 
^avo up hope of offensive operations, and his 
only purpose was to maintain himself in a 
mountainous region, and there await the pos- 
sibility of events. The fact that he was enal)led 
to hold his ground for nearly four years proves 
how much the military strength of Rome must 
have beoTi diminished by so many battles. But 
Hannibal knew well that the interval of com- 
parative cessation from great military opera- 
tions on both sides was only giving to the 
Romans all the better oj)portunity for organising 
n(‘W armies, and marshalling them to the defence 
of their country. 

The Romans wert* now ])reparing to turn the 
tide of war by the invasion of Carthage, and 
Hannibal had to cross over to Africa in orden* 
to r(‘sist the invasion. A great battle was 
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Jlars witnessed not only the establishment of her 
power in the West, but its expansion in the East. 

Macedon,- under the dynasty which had been 
established after the long struggles which 
followed the death of Alexander the Great, 
dominated Greece, though most of the Greek 
cities were still nominally free. The house of the 
Seleucida\ the descendants of Seleuciis, one of 
Alexander’s generals, ruled over Syria from the 
Euphrates to the i)eninsula of Sinai. Tlu^ 
Ptolemies, descendants of anotlua* of Alexander’s 
generals, ruled in Egypt Before tlui end of the 
Punic war Philip of Macedon had chalhaiged 
Rome. Almo.st immediately afhawards Rome 
attacked Philip, posing as the liberator of thi* 
Hellenes. Philip was overthrown at the battle (»f 
Cynoscephala‘, and the Roman gt'iuaal pro- 
claimed the liberation of Greece. 
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fought at Zama, in Carthaginian territory. The 
Roman army was commanded by Publius 
Cornelius Scipio, who after this bore the title of 
Africanus. He had already accomplished the 
overthrow of the Carthaginian pow'cr in Spain 
and Sicily. Now he shattered the inefficient 
troops with which Hannibal had to face him. The 
victory was decisive ; Carthage lay at the mercy 
of the invaders, who dictated terms of peace, 
which left her virtually helpless, in 202 B.r. 

Romo was now not only supremo in Italy ; 
she was mistress of the seas, and the overthrow 
of Carthage had practically given to her Spain, 
Sardinia, and Sicily, and a paramount control of 
the Mediterranean littoral of Africa. She had 
bix'ome an imperial power with great territorial 
dominions beyond the .s<*as. The next seventy 


Then Antioehus of Syria, .stirred ifp hy .the 
fugitive Hannibal, challenged the new w(*stern 
pow'or, but was defeated at Thermopylae ami 
Magne.sia, and the great Carthaginian died by 
his own hand. Mac(‘don w'as now annexed hy 
the Romans, w’ho thus b('cRme virtually the 
paramount power in Greece. An excu.so was 
found for finally blotting out Carthage in the third 
Punic war. The subjugation of Spain was com 
plet<‘d, and the plain of the Po in Italy, with its 
Gallic inhabitants, as well as the .soutli-easteni 
corner of Gaul—namcly, France— were made into 
Roman provinces under the names of Cisalpine 
and Transulpjnc Gaul. In the year 13G B.c. 
At talus, King of Pergamus, on his death left hp 
kingdom to the Romans, who thus ^obtained their 
first actual territorial footing in Asia. 
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Explinatlon of (he Sextant. Artificial Horizon and the Station 
Pointer. Observations of the Tides and the Use of Floats. 

MARINE SURVEYING 


I T IS not proposed in this article to refer to 
de(‘p-sea soundings and other special works 
of an allied nature, but to confine the subject 
to that which comes within the province of 
a civil engineer. 

►Some of the instrunients that liavc already 
been describt'd in Land Suhvevino are 
also used in marine surveying. 'Fhcre are, 
however, several instruments which will be 
explained before proceeding with tl;.j “ li<i(l ” 
operations. 

The Sextant. 'liiis 
hand instrument 163] is 
very useful for measuring 
both vertical and hori- 
zontal angles up to 1‘20°. Its 
construction is as follows : 

A mirror (A), called the index 
glass, is fixed to an index 
arm (1), ^v4lich carries a 
vernier that ri'ads on the 
graduated scale (H), and 
from it the values of the 
observed angles are ob- 
tained. Any movement of 
the index glass throws a 
reflection into anothci' 
mirror (11), called the /ton- 
zon glass. The latter i^; 
rigidly fixed, the lower half 
of the glass being silvered 
and the upper clear. Thus, 
a ray of light coming from 
ifm direction of N '64J passes through the 
clear portion of tlui glass 15, down the 

telescope, to the eye. A ray from the 

direction of an object at O strikes the mirror 
is rellected to M, and then, through tho 
telescope, to tho eye. Therefore, through tho 
telescope come rays both from the direction of 
M and O, each set forming a perfect image. 

I5y ojierating the index glass (A), images will 
appear t(f be moving over each other until the 
two under observation ajipcar and apjiroxi- 
mately Coincide. The index arm is then 
clamped by a 
screw, the 
tangent screw 
K being used 
for tho final 
adjustment of 
the objects 
until their 

coincidence ia 55 artificial uouizon 64 . aur.vn(»k.ment of 
nerfoct. mirrors in ^extant 

The angle between the two objects can now 
be read. A small maKuifyingglasifl.M) is provided 
to assist the observe r in reading the vernier. 

Smoked or tinted glasses (S) of v&rious shades 
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are provided for use in strong light, or when 
taking observations to the sun. 

To determine the altitude of the sun, direct 
the telescope on to tho horizon through the 
clear portion of the glass 15, the in.stiTunent 
being held in the right hand by the handle (i)). 
Unclamp the index arm (1) and bring the rellec- 
t1on (made by the mirror A) of the sun on to 
the silvered portion of the glass B. (lamp ami 
adjust the index arm, as jm'viously explained, 
so that the top limb of the sun coincides with 
- the line of the horizon, then 
i(‘ad off the value of the angle 
in the usual manner. 

The Sextant at Sea. 
When measuring tla.* altitud(‘ 
of an obji'et above thi^ “sen- 
sible” horizon with the 
sextant at sea, a correction 
must bo made to allow for 
the “dip” of the horizon 
— i.e., its apparent angular 
d ‘pression below a Iruly 
horizontal line traversing 
the eye of the observer. 
The amount of this cor* 
ri'ction is uncertain owing 
to the variable refrac- 
tive power of the at 
mosphere. Rankino gives 
a formula for finding 
the value of tho correc- 
tion : 

Dip in Seconds = x 20t3264"'8 
= 67 "-4 V h in feet. 

When h = height of observer’s eye above the 
sea 

r = radius of curvature of the surface 
of sea. 

Before leaving the description of tho sextant 
it will be necessary to exfilain an instrument 
called tho “artificial” horizon, which is com- 
monly used in connection with tho sextant. 

Art ificial 
Horizon. Iftie 
angles observed 
with tho sex- 
ant at sea are 
ueasured from 
uhe sensibli 
iiorizon, which, 
however, is not 
always possible 
on land, therefore an “ artificial horizon ” is 
necessary. Tho mod. suitable form of artificial 
horizon is that consisting of a tray of mer- 
cury having a glass cover or roof. The 
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illustration [65] shows one made by Mr. J. IT. 
Steward. The angle observed with the artilieial 
horizon is double the actual angle. 

The theory of the instrument is described 
by Mr. W. F. Stanley in his book on “ Sur- 
veying Instruments,” and is briefly as 
follows. 

A small luminous body [66, M'], placed at 
a distance will have its image reflected 
from a level reflecting surface [SS'], at an 
angle equal and opposite to the I 

ineid(‘nt ray, the angles M'AS § 

and EAS^ being equal. T^^t E be 
the j)lace of tlie eye or the I 

sextant. This will receive an M 

image from the distant body M', ^ 

sensibly parallel with M'A in V 

ME. The angle MEA will (here- ® 

fore be double the angle of K 

incidence M'AS ; the lialf angle K 

produces the horizontal line EH 
(provided the plane of reflection ^ 

SS' is level). Therefore, if wc ^ 

take half this angle MEA, as it 
appears in the sextant, it will 
give an angular position of the 
object in relation to the horizon at the height 
of the eye, or be tangential to the surface of 
the earth. Tf M'AS bo 3(r, the angles AEM 
will be ()</', showing the elevation of the 
object to bo half this angle — that 
is, 3(F. The sextant takes angles 
up to 1‘20', therefore (!(/' Mill be 
the limit of uKiidian altitude that 
tlie artitieial horizon Mill measure. 

Tides. It is necessary for the SV>‘ w 2 
purposes of some marine surveys to 'H" 
tak(i careful observations as to th(‘ 
set of the tides. It will be im- 
possible in this course to deal ex- 
haustively M’ith all the peculiarities 
of tides, "but a hnv brief observa- 
tions are necessary in order that 
some general information may be 
conveyed. Compk'tc records of the 
tides in any particular locality Mould 
involve months of careful observa- 
lion on account of the variations . mL 

that take place at difl’erent times /HR 

of the year. In one jflace the normal 
number of tides per day of six to 
seven hours for each rise or fall M ill / 
often di If er from another place M’hich 
Mill have tides of longcM* or sliortei- 
duration. The reason of the varieties 
in the motion of tides is due to \ 

several causes, the height of the 
barometer being one. It is found 
that a high barometer accompanies 
a low tide and a high tide syri- 
ehronisos M’ith a low barometer. 

The relative positions of the sun 
and moon, the direction of the Mind 
and the conformation of the land una*- 


is’ by erecting a tide^'poh. These poles arr. 
generally constructed out of an old sjiar, properly 
marked in feet, and firmly McighU'd and fixed 
in the sea-bed in the most sheltered place 
’ possible. To obtain the accurate time 

■ of high and Iom' water, observations 
must bo taken every few minutes, some 
little while before and after high and low 
Mater, the exact time being calculated 
from the results thus obtained. 

The direction of the tide must 
obtained by float observations, 
as explained later. 

i lt must not be assumed that 
because it apjiears to the eye that 
■ the tide is floM’iug in a e('rtain 
direction that such is tlu^ ease. 
Take for example a tidal river. 
The land watiT b(Mng of a (lif- 
erent specific gravity, and Marmia 
than that of tlu^ sea-wat<'r. Mill 

r floM’ over the incoming tidi*, tluis 
; producing tM’o distinct cunTnIs 
“ in o}>posite directions. This jjccii 
^ liarity is of extreme im])ortanee 

to engineers, and it is only by 
careful float observations that tin* trifc direction 
of curn nts can bc^ obtained. 

Floats. The direction of curnmls can be 
accurately obtainedj^ by using various forms of 
floats. The action of the Mind on 
1 1) ' (\\ posed surface of a float m Iu'cIi 
pn)je..ts too much from flu* uatcT may 
cause it to travel in a direction 
totally dillerent to that of the current, 
'rhercforc a float must be made so that 
as little surface as [)ossible is exposed 
to the Mind. A simple and ust'ful 
form of float may be constructed from 
i a. l)ottl(‘, as shoMai by the illustra- 
tion [67]. 

Where it is necessary to detc'rmim' 
currents at considerable di'pths a float 
const ruct(.al as shtMvn by 68, or some- 
thing similar, must be cm])loy('d. 

A 'riie method of d('t(‘rmiuing the 
position of a Ihnt from time to time 
\< similar to that ex]>lained hercafl(‘i’ 
\ ' mIu'ii dialling Mith the location of 

\ .1 so indings [70]. 

k I In carrying out a. marint' siy vey on 

> ,a coast line, the ( outiguration of whic'h 

i ' has been obtained by ti iangulatinn 

i as shoM'n in 69), th(' method 

must to some extent 
de})end on local cir(;pmstaiU’es. 'I’Ih' 
'ill/ natun^ of the sea- bed must Ih' cx- 

iSr amined cither by diving operations or 

Jjr , by borings, the results of which should 

^ : be noted on the plan, or chart, by 

X refiTtuico lett(Ts, such as “r” for rock, 

“s” for sand, ”m” hw mud, and 


and the conformation of the land ^ uriu*-siiA ma)\i All moorings, buoys, beacons, 

affects the tides ; it is the two last groynps, lighthou.stxs, prominent rocks, 

that produce the greatest irregularitiixs. The ote., should be clearly and accurately shoMm. 

method employed f(U’ gauging the rise and fall The bed of (be s('a is surveyed \)y sound nvjs 

of tides, M’hen no pier, M’barf, etc., are available, takim from a boat Mith a Inadc'd line. AU 
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soundings on published charts are given (in observed to be, say 60®, the observer knows thal 

fathoms) for low water at ordinary spring tides. he is somewhere on the circumference AEDB. 

The position of each sounding can be obtained on any part of which, as at E or D, the angle sub- 

either by angular measurement from the shore tended by AB will bo the same. The measure* 
to the boat or from the boat to the shore. ment, therefore, of an angle between two 

The following is a description of the first objects gives this information — that the observer 

method : f on the circumference of a circle which passes 

Set out on the shore a base line [70, AB] of through tw^o objects. the diameter of which varies 

known length and position with regard to the according to the angle, with an equal length of 

chart or plan. At A and B set up theodolites. AB. This will be seen by comparing 72 and 

The observers follow witli the telescopes of the 73. In the former, AEli — and in tlu 

instruments the movements of the boats from latter. AfiB ^ 30^. iiierefore, for example, if 

w’liich the soundings are , a mariner finds that a 

being taken. On re 
ceiving a prearranged 
signal from the boat, 
each attendant observes 
the angle l.'clwcen the 
boat and the base line, 
thus locating that par- 
ticular sounding. The 
fimo also is noted. 

These angles can also be 

obtained, wdien minute (59 n van )rR sruvEYiM? passing outside 

accuracy is not required, ^ • its position, 

by emploYing prismatic compasses or box The Three»point Problem. To find 
sextants. From the angles thus obtained at the precise position of the boat tw^o angles must 

the stations A and B, the position of each be taken [75]. This is called the “ Three-point 

sounding (as shown by the points I), E, Problem.” It is evident that whore two circles 
and F on the illustration) «can bo determined cut on(‘ another is the observer’s position, for 

and plotted on the chart or plan by means of though he may be at E [74], so far as his angle 

a protractor. bc^tw’^een A and B is concerned at that position. 

A belter and more convenient method of the angle observe 1 between C and F will not 
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, rock (‘xists at X, and 
two well-defined objects 

K exist at A and B, lu 
has only to take can 
that the anglemcasurovi 
, between them is con- 
^ , sidorably smaller than 
that measured at X [73], 
which may be taken 
from his chart, to en- 


obtaining the positions of the soundings is oy 
taking observations from the boat with the 
sextant, and then by means of the staHon 

they can bo plotted 

directly on the chart. • 

The following descrip- ^ ^ ^ Vg 

lion will explain the I ^ ^ / 

whole operation . \ ^ ^ / 

The Station | " J A 

Pointer. The illus. ’n / ^ 

tration [71] shows the / 

arrangement of this • / • V 

useful instrume nt, I / / \ 

which is employed, as i / / / 

already stated, for plot- ' /• / 

ting on*a chart or plan — | — 
the position of a boat i / ^Cowwa/-erL, 

from which angular ob- ' ^ / 

scrvalions have been 1 / /^TiTmTrTrmr^ 

taken with the sextant 

to three well-defined J// co 

pointa on the shore, ^ ■ ■ ■ ■■■ — 

the i)OsitIons of«thcso ■■ — 

points being known. 


agree, nor w^ill s»ich ag cement be found unless 
the observer is on the circle (HIHF. He can only 
be on both circles at once when he is at I). 

— Suppose that instead 

Zv taking the objects 

moasurt^ the 

y \ second aiuzlc, wc take 

^ it between BC [75], the 

/ ^ observer must be at the 

/ \ ’ point D for tlu^ same 

V ' reasons. The observa- 

>y \ ^ tions can be plotted 

\ \ ' by means of circles, 

\ ^ or more rapidly by 

\ \ \ . using the station 

/ / /*' ^ \ y — pointer in the follow- 

I If/ ing manner. Set the 

\ t f ^ * ^ \ \ \ angle ADB off on 

' I CDB on the other 

' ■ " ' ' B 1 l^lace the in- 

OF «OtJNl>IN03 T *4® 

so that the fixed arm is 
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The form of the instrument is that of a 
circular metal protractor with throe arms 
radial to a common centre (S), one fixed (A), 
and two movable. The movable arms are 
provided with verniers and screws. The theory 
of the instrument is based upon the 21 st pro- 
position of Euclid. Book III,, which shows that 
the angles subtended by the chord of the segment 
of a circle measured from any point in the 
rircumferemce are equal. 

Thus, if the angle [72] between A and B is 


directed to B, move t!;:: instrument about on the 
chart till the other arras fall on the points A and 
C. The centre (S ) of the instrument must then be 
the required position, and is pricked on to the 
chart. If the points ABCD fall on the circum- 
ference of one circle, the point 'a iiidcterrairate. 

The Lords Commissioners of the Admiralt5 
have issued a pamphlet on the station pointer 
which deals exhaustively with the subject. 

Soundings must be reduced to a known datum 
in order to connect the level of the sea-bottom 
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to that of the shore. Soundings of equal values 
are usually connected together by dotted lines, 
os in contours on land, the value of the contour 
being indicated by the dots. Thus, a four fathom 
contour would be shown by four 
dots, then a space, and so on Care 
must be observed in connecting the 
soundinp together, otherwise shoals, 
or sandbanks may appear on the 
chart whore none in reality exist. 

Foreshore Survey. The sur- 
vey of the foreshore above low- 
water mark is carried out in the 
same way as land surveying. The 
levelling operations should be ex- 
tended to, and even below, low 
water by the stall-holdor wading 
into the sea. The levels so ob- 
tained are more accurate than 
those taken by soundings. Should 
the work have to bo carried out 
at night, the cross hairs and staff 
require illuminating, wdiich may 
bo done in the following w'ay ; A 
mirror is soldered to the top of the 
cap of the telescope in such a 
position that it projects dowm- 
wards over the object-glass, making 
an angle of 45^^ w'ith the horizontal 
axis of the instrument. An elliptical 
hole is cut in this mirror. A lantern 71. stations cui.ntkr 
supplies the light, which is rot Ice ted on to the 
cross hairs. The staff can bo iliiiminatod by a 
torch, and is thus easily observable through 
the elliptical hole in the 



ehibonomoter is held to the oar and the beats 
counted as nought, nought, etc., until the flash 
is observed, and then one, two, three, etc., 
until the report is heard. The mean time of a 
number of observations, arithmeti- 
cally obtained, is not correct on 
account of the acceleration when 
travelling with the wind being less 
than the retardation when travel- 
ling against it. The following formula 
must bo applied : 

T - 


t + r 


/ / 1 



/ / ' 

\ 

L ! \ 


\ 1 ! 

'' / i \ 

1 / ' 

* \ 1 j 


\ 

\ \ i !. 

/ \ / 




mirror. 

Base by Sound. The 

length of a base lino can bo 
obtained h}? sound. Although 
this method is not accurate, 
it may be (employed when 
only approximate measure- 
ments are necessary. It 
consists in taking the intc'r- 
val of 
time 
wh ich 
e 1 a p- 
ses bc- 
tween 
the 
sigh t 
of a 
Hash 

from a gun and the arrival 
of the sound, the observ<’r 
being at one end of the 
required base line and the 
gun at the other. It 
preferable to have hotli a 
gun and an observer at each 
end of the lino taking alter- 
nate readings. The time 
should be taken by chrono- 
meter watches, tlio beats 
of which are recorded by 
the ear and not b^ the sight, 
second being thus accurately obtained. The 


when T = moan interval required ; 
t - interval observed one w ay ; -- 

interval observed the otlier way. 
The mean time (T), multiplied by 
the velocity of the sound for the 
temperature at the time of observa- 
tion, Avill give the distance betw'cen 
the two places. 

Sound travels at the rate of 
1,090 feet per second at 32” F., wdth 
an increase or decrease of 1T5 feet 
per second for each degree of rise or 
fall in temperature. 

Synopsis. The point which we 
have reached marks a detinito stage 
in our study of civil engineering. 
Tliis eh;^)ter eonchid(‘s the teaching 
of Surveying, except for the references whieli 
w'O shall have o('casion to make in dc.scribing 
the constructional part. TIk? scheme of our 
treatment to follow may be 
indicated. The next chapter 
(loscrihcs the history and 
practic<5 of the Ordnance' 
Survey, with information 
regarding the value of tlu^ 
dilierent scales for dif- 
ferent purposes. The pro- 
cedure usual and necessary in 
8 e t! k - 
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the number per i*nuntry are considered. 


73. EX' v.Mi'i.E 2 V a t c 
wo r k'- 

cxplainrul in detail. Then 
we pim'(^*d (o study the 
practice of civil engineering. 
The course concludes with a 
description of civil engineer- 
ing abroad, and the diverse 
influences, such as climate, 
labour, tran'^port facilities, 
etc., which modify the prac- 
tice from that usual in this 
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GROUP 9-LITER4TURE * THE IMPERISHABLE RECORD OF 'THE MIND-CHAPTER 7 

The Dramatic Poets ->continued. Ben Jonson, Beaumont 
and Fletcher, and the Contemporaries of Shakespeare. 

POETRY OF THE ELIZABETHAN AGE 


T he gi Celt ness of Sliakes))earc could not 
be better illustrated than by contrast 
with Hen Jonson (b. 1573 ; d. 1637). 
Ill almost any age Jonson would have 
been accounted a writer of the most 
c^xtraordinary parts. His scholarship was 
profound — indeed, Shakes]ieare's learning 
is, by comparison, almost superficial — 
but in all his serious efforts to produce 
a dramatic work of the highest he gives 
evidence of scholarship only, and not 
of that divine, ineffable “ something ” 
which makes the poetry of Shakespeare 
as harmonious a part of the world’s in- 
tellectual life as seed-time or harvest is of 
its ]ihysical life. 

It is hard to determine how Jonson 
came by Itis learning, as we have evidence 
of onl}’ a few weeks spent at St. John’s 
('ollege, Cambridge, in his sixteenth year, 
after leaving Westminster School. In his 
youth he had to work for a time, to his 
never-forgotten disgust, at bricklaying, 
and he was a soldier in the Low Countries 
when only eighteen years of age. It has 
been asserted that at nineteen he returned 
to Cambridge, and completed his studies, 
but this theory rests rather on the desire 
to explain his wonderful knowledge of 
the Latin poets than on any direct 
evidence. He was as injudicious as his great 
contemporary in contracting an early 
marriage, and perhaps poverty, as much 
as inclination, led him to become an actor, 
but he did not reach the position in the 
profession attained by Shakespeare. 

Steepjjid in the works of the pagan jXK^ts. 
his native genius was undoubtedly moni 
lyrical than dramatic in inspiration, thougli 
he gives evidence rif certain saturnine 
temper which, inclining to tragedy, but 
jnodified by the former impulse, ex- 
j)resscs itself iij satiic. It was with a 
comedy, however, that he first attained 
success on the stage, and “ Every Man in 
His Humour,” jiroduced in 1596, and 
performed two years later by the company 
jf wliich Shakespeare was a member, 
secured a popularity whicji led to his 
following it with the play, ” Every Man out 
of His Humour.” 


Both are admirable comedies, and, like 
his two tragedies. “ Sejanus ” and “ Cati- 
line.” follow classical models ; but the 
author is so obviously subjected to the 
strict rules of classical composition that 
his work lacks spontaneity and natural 
grace in the comedies and tenderness in 
the tragedies. This is the fault of all his 
plays : they are overlaid with the weight 
of his learning ; made coldly accurate 
by the careful observance of his models : 
and neither in tragedy nor in Cf)medy does 
he sound the depths of human emotions. 
Though the character is always perfectly 
observed and represented, he does not 
take us to the hidden springs, as Shake- 
speare does, not so much by art as by in- 
tuition, even in liis lesser works. For these 
reasons Jonson ’s dramatic w'orks, tliongli 
w’ell knowm in his time, have ever sincci 
been dead to all but students of literature. 
” Every Man in His Humour ” has 
occasionally been revived on the stage, 
but never with lasting success. 

Such prosj)erity as Jonson enjoyed came 
from the composition of masques, wdiich 
w'ere a fav^ourite amusement of the Court 
and the aristocracy. The mascpie is a form 
of stage entertainment midway between 
a pageant and a play. It may be said to 
have been originated by the introduction 
into royal j)rocessions of masked, or dis- 
guised, persons representing allegorical or 
fictitious characters. This devclo})cd into 
entertainments resembling the tableaux 
vivants, still popular, in w hich Henry VIII 
is known to have delighted. 

Under Elizabeth the masejue rose into 
extreme popularity, and most of the 
dramatists, with the notable cxcepti(ji) ol 
Shakespeare, set tliemselves to supplv 
their lordly patrons with such enlerlaiii- 
ments. They w'cre written both in ]Tros(i 
and verse, the dialogue being inter- 
spersed with songs, and afforded oppor- 
tunities for the display of gorgeous 
costumes and scenic decoration quite 
foreign to the stage of the time, where no 
attempt was made at scenic effect or 
accuracy of ” make-up.” Ladies also took 
part in these private theatricals, w’hereas 
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f>ii the stage all the feminine parts wore 
discharged by boys or young men. The 
finest example of this class of poetic com- 
position is Milton's ‘‘ Comus." In it the 
masque, as an acted entertainment, may 
be said to have culminated, for it died out 
under the Commonwealth and has never 
been revived. 

Some of the best specimens of Jonson's 
verse are to be found in his masques, but 
hisexquisitclittle 
song, “Drink to 
me onl\' with 
thine e\es.“ is 
oiui of li[tc‘(‘n 
l\ rics in a collcc 
tioii (intith‘(l 
“ The Forest.” 

]) u b 1 i s h e d in 
Jon son. 
in his ])crsonal 
character, had 
sometraits whicli 
suggest likeness 
witli his great 
namesake of the 
eighteenth cen- 
tury, and “rare 
Hen” anticipated 
SamueTs satiri- 
cal treatment of 
the Scots, as he 
came near to 
ha\ing his ears 
clipped for mak- 
ing full of King 
James’s country- 
men in “ Easl- 

v\aid Ho. a ^ 

d.ama in which ITrom the portrait l 

he collaborated 



plays — chiefly comedies —were even more 
popular than Shakespeare’s, being, if any- 
thing, more in harmony with the temper 
of the period. Fkanxis Bf.aumont (b. 
1584 ; d. i6ib) probably becanu' 
acquainted with his friend John Fletchkk 
(b. 157c) ; d. 1625) at the meetings of tin; 
celebrated Mermaid Tavern, fretpiented 
by Shakespeare, Jonson, and tlie wits of the 
time, as celebrated by Beaumont in his 

verses to Jonson : 

“ Wluit hiuc 


Done at the Mn 
maid ! heard words 
that have heeti 
So nimble, and 
full of stibtle flami'. 
As if that every one 
from whence they 
came 

Had meant to put 
his whole wit in 
a jest, , 

And had resolved to 
live a fool the rest 
Of his dull life." 

The dramatic 
writings of tliis 
famous pair are 
I full of fancy and 
of bright pictures, 
though there is no 
denying the “ stu- 
dious indecency ” 
in which they rc- 
tfect, moie racil\ 
than need be, the 
manners of Hkmi 
age. Fletchei 
had jirobably tin* 
greater share in 


JONSON 

by Gerard Hunthorst 


— a rare thing for him, as ho was vain 
of personal achievement -with Chapman, 
Marston, and Martin. He died on August 6, 
1637, ht^ving experienced loss of friends and 
favour in his later years. His gravestone, 
in Westminster Abbey, is inscribed, O 
Rare Ben Jonson.” 

Reference has been made to Jonson's 
collaborating with other dramatists. This 
was a favourite method of work among the 
Elizabethans, as it is in our own time with 
the French dramatic writers. But the 
most noteworthy example of collabora- 
tion was furnished by Beaumont and 
Fletcher, who wore so intimately associated 
in their lives that they had house and 
clothes in common. Both wore of gentle 
birth, scholars, and men of genius. Their 


the composition of the ])lays which l)eai 
their joint names, and alone he w!*ote al 
least twenty, Shakespeare being thought 
to have collaborated w'ith him in “ Tht 
Two Noble Kinsmen,” while Fletcher also 
had a hand with Shakespeare in the 
writing of “Henry VITI.” It is hard 
to differentiate between Beaumont and 
Fletcher, though it seems easy enougli 
by comparing their individual and then 
joint productions ; but perhai)s it is 
not wu'ong to say that the one had a 
more strongly marked lyrical gift, while 
the other was Essentially dramatic. ]k)lh 
men were immensely po]nilar wuth llieir 
con'emporarie and theirs will ever 
remain amo the great jiamcs of 

Elizabethan drama. 
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By way of summing up their character* 
islics we cannot do better than quote this 
comparison from the poet Campbell’s “ Spe- 
cimens of the British Poets ” : “ There are 
such extremes of grossness and magnifi- 
cence in their dramas, so much sweetness 
and beauty, interspersed with views of 
nature cither falsely romantic or vulgar 
beyond reality ; there is so much to 
animate and amuse us, and yet so much 
that we would willingly overlook, that 
1 cannot help cemparing the contrasted 
impressions which they make to those which 
we receive from visiting some great and 
ancient city, picturesquely but irregularly 
built, glittering witli spires, and sur- 
rotinded with gardens, but exhibiting in 
many quarters tlic lanes and haunts of 
wickedness. They have scen.es of wealth 
and high life, which reminds us of 
courts and palaces frequent erl by elegant 
females and high-S])irited gallants, whilst 
their old martial characters, with ('arac- 
taens in the midst of them, may inspire ns 
with tlie same sort of regard which we pay 
to the rough -hewn iiiJignificence of an 
ancient fortress.” 

We must now briefly dismiss many 
names, though most of them arc almost as 
worthy of some detailed notice as Beaumont 
or Fletcher. Philip Massinger (b. 1583 ; 
d. 1639), was laid in the same grave 
as Fletclicr, at St. Saviour’s, Southwark, 
was so variously associated witli Fletcher 
and other dram;y;ists in play-writing that 
it is diflicult to form an estimate of his 
individual work. But he is certainly no 
less gifted in comedy than Beaumont and 
Idetchcr, and in tragedy he displays real 
power. His only play that has held the 
stage is ” A New Way to Pay Old Debts,” 
a brilliant and mordant comedy. 

John Ford (b. 1586) was a dramatist of 
real tragic power, to whom only the darker 
emotions of the heart seemed to ap]:)eal, 
for his plays are sombre and unredeemed 
by the nner feelings of fancy and irnagina- 
Mon. His ” I^rkin Warbeck ” is a good 

liistorical drama, and ” ’Tis Pity ” is 

a remarkable tragedy. He collaborated 
in several plays with Thomas Dekker 
(b. 1570 ; d. about 1641), a prolific and 
able writer, botli of tragedy and comedy, 
who in turn was associated with John 
Webster, of wiiose life hardly anything 
is known. Webster was a dramatist of 
extraordinaiy power in tragedy, and over 
his works •gloom, profound and chilling, 
seems ever to brood. ” The Duchess of 


Malfl ” is his greatest play, and must rank 
with the finest of the period ; but it is easy 
to understand how lie had scant favour 
from contemporary audiences. 

Thomas Middleton (b. 1570 ; d. 1627) 
wrote many charming comedies, while 
William Rowley (b. about 1585), an 
actor-playwright of no remarkable quali- 
ties, collaborated at various times with the 
five last-mentioned dramatists, and also 
with Thomas Heywood, who had a large 
share in the writing of 220 plays up to the 
year 1633, and is belie\'ed to have lived 
until 1648. “ A Woman Killed with 

Kindness ” has real jiathos and simplicity 
to distinguish it, and may be accounted 
the best of Heywood’s plays. John 
Marston ( 1 ). 1575 ; d. ib34), was a poet of 
most unequal achievement, associated 
with Jonson and (tEorge Chapman 
(h. 1559 ; d. 1634) in the production ol 
” Eastward Ho,” as noted above. Chap- 
man was greater in comedy than in tragedy, 
“ All Fools ” being an excellent ])Iay of the 
former class, while liis tragedies are 
usually juarred by bombast and fustian. 
His great achievement was the translation 
of Homer’s “ Iliad ” and the ” Odyssey ” 
into rhymed verse of fourteen syllables. 
These translat ions, despite numerous 
faults, are in many ways unsurpassed by 
Pope’s more familiar versions of the sanu* 
works, and are well worthy of attention. 

With James Shirley (b. 1596 ; d. ibbb) 
we reach the last of this school ; for, 
though he, was but a boy when the reign 
of the virgin ejneen ended, his early asso- 
ciates were the later Elizabethans, and all 
the influences on him were Elizabethan ; 
he had come to manhood at the time of 
Shakespeare’s death. Charles Lamb says 
of him : ” James Shirley claims a place 
among the worthies of this period, not 
so mucli for any transcendent talent in 
himself, as that he was the last of a great 
race, all of whom spoke nearly the t^me 
language, and had a set of moral feelings 
and notions in common. A new language 
and quite a new turn of tragic and comic 
interest came in with the Restoration.” 
This, rather than Campbell’s somewhat 
perfervid panegyric of the dramatist, is a 
proper view of Shirley, for while the tragic 
and pathetic passages of his plays, which 
are chiefly tragi -comedies, are often dis- 
tinguished by great tenderness and tnie 
feeling, he fails on the whole to rise to the 
level of his models, Beaumont and Fletcher 
and Ben Jonson. 
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Wc have now reached the end of an im- 
portant stage of our study, for on our know- 
ledge of, and sympathy with, the poets 
from Chaucer to Shirley will depend much 
of our understanding of English Literature. 
The Elizabethans, especially, are the 
beacon lights of the English spirit, if the 
metaphor will pass. To know them well 
is to have the whole character of England 
illumined for our better appreciation. 
They represent more directly than any 
body of writers in England, before or 
since, the spirit of their time and country. 
This may be thought an over-statement, 
when wc remember how the spirit of 
the eighteenth century is rellected in 
writers of the period. But that is not 
the real spirit of England ; it is a passing 
phase; whereas the spirit of the Eliza- 
bethan ago is no passing phase, but the 
very pulsing of England’s heart. 

In a sense, tlie Ivlizabetlians arc more 

in tuucli ” with us of this later day than 
are the writers of the eigliteenth century. 
Wc shall even iind that the literature of 
the Victorian age — rich to abundance 
though it is in great writers and in groat 
works — is not so thoroughly in tune with 
the English spirit as is that of the Eliza- 
bethan age, for the creators of the latter 
were poets to a man, and the poet is ever 
the truth-teller. He is not so apt to 
temporise with passing moods and whims 
as the prose-writer is ; he utters himself 
with greater freedom, fearless, because 
** It is in me, and shall out,” Thus the age 
of Elizabeth remains for ever the epoch 
in which — ^wath the awakening of all those 
varied energies that have since made the 
British Emjnre the unmatched wonder of 
the world’s history — there lived, .surely by 
no mere chance but inevitably, a splendid 
company of poets whose poetry enshrines 
for all time the English spirit — patriotism, 
heroism, idealism, the love of liberty, 
beauty, Nature, domesticity. 

That the Elizabethan poets were as 
capable of expressing grossness as of 
voicing the noblest aspirations is no 
argument against them. Every country 
has its standard of good taste : an ocean 
wider than the Atlantic separates the 
English of today in matters of taste from 
their nearest neighbours across the Chan- 
nel. And every age of any one country 
has had its own standard of good taste. 
That of the Elizabethan was assuredly 
different from that of our day ; just as that 
of fifty years hence promises to be strangely 
2 k 


different from the standard of twenty years 
ago. The Elizabethan poets — ^because, tor all 
tlieir superiority to the multitude, they were 
still men of their time — ncces.sarily reflect in 
their writings the looseness of their age in 
the treatment of morals. It does not follow 
•that they were one degree less moral than 
we arc today ; but they spoke of subjects 
which with us it is bad taste to discuss. 
They were, for that very reason perhaps, 
the more honest : and sincerity is the 
infallible test of all enduring literature. 

And it is Shakespeare, again, who towers 
a])ove his glorious company of contempor- 
aries in his comparative freedom from all 
besmirching elements, but by that token 
he is, as wc have already hinted, really less 
the mirror of his age — but more the mirror 
of the English spirit - Than, for example, 
Beaumont and Idetcher. He is the most 
modern writer in our language. It would 
seem that in one fruitful moment the genius 
of England gave birth to a pcct who in- 
terpreted his country to itself and to the 
world once and for all time, his thought 
and language bejng the everlasting mind 
and utterance of his race at the highest. 

We may take lea\'e of the Elizabethans 
by quoting the summary with which Taine 
begins his study of the theatre in his 
“ History of English Literature.” 

” Forty ])octs, among them two of 
superior rank, as well as one, the greatest 
of all artists who have represented the soul 
in words ; many hundreds of pieces, ana 
nearly fifty masterpieces ; the drama 
extended over all the provinces of history, 
imagination, and fancy — expanded so as 
to embrace comedy, tragedy, ])astoral and 
fanciful literature — to represent all the 
degrees of human condition, and all the 
caprices of human invention — ^to express 
all the perceptible details of actual truth, 
and all the philosophical grandeur of 
general reflection ; the stage disencum- 
bered of all precept and freed from all 
imitation, given up and appropriated in 
the minutest particulars to the reigning 
taste and public intelligenie : all this was 
a vast and manifold work, capable by its 
flexibility, its greatness and its form, of 
receiving and preserving the exact imprint 
of the age and the nation.” 

Such is the Elizabethan drama, the most 
important of All periods of English litera- 
ture, not to the student only, but to the 
general reader who desires to possess a 
knowledge of our great literary heritage. 

J. A. HAMMERTON 
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The Most Responsible Post in the Municipal Service. 

Qualifications and Salaries. Clerks of County Councils. 

THE TOWN-CLERK 


•yrrERK is jHark(*(l anti inoroasing tcmloncy 
^ among local aiithoritioa to restrict applica- 
tions for tho position of town-clork to members 
of one or other branch of the law. And this 
is not a matttT for surprise. 

What the Town-clerk must Know. 

The town-clerk’s is the foremost, and undoubtedly 
the most dilTieiilt, position on the iiuinicipal staff. 
Yet, with all its res])onsibilities and worries, the 
possibilities it offers are greater -and earlier 
attainable — than in any otlier branch, certain 
engineering posts alon(> (‘xecpt(‘d. The town- 
elerk is the advist'r to his council on innumerable 
points of law, fact, and ]H’actice-— in itself no 
light office, having regard to tho multiplicity of 
important activities carried on hy a 2 >rogressivc 
bo?‘o!igh and the searcely avoidable ignorance of 
many of the councillors concerning them. He 
controls a busy dejmrtmcnt of his own, ami is 
also the official head of the whole staff and the 
responsible ollicer for the due (‘xccuiion of tlm 
councirs orders. At the meetings of his authority, 
h(^ is tho chairman's right-hand man ; and having 
familiarisc'd himself with nie details of every 
im])orlarit schcim* and pro|)Osal when he has 
not framed them hims(‘lf — is in a position to 
advise upon these as tiny arc raised. 

Director-in-General of the Town’s 
Affairs. The acquirement of property and 
extension of municipal works, “slum area” 
clcaiTUiccs, and the acloption of statutory )>owcrs 
— on such grav(‘ matters as these his judgment 
is of great weight. His store of law, routine, and 
proeodents must he always at his tinger-ti])S, as 
it were, for the sorviees of the various heads of 
departments who constantly consult him. He 
must be able to draft new by-laws and regula- 
tions as iK'cd arises, and to handle adecpiately 
bis councirs ease at a Local Government Board 
inquiry, or befon? a ])arliamentary commission. 
An expert within his own particular province, 
and a ^imint of focus genei’ally between the 
council and its staff, the town-clerk needs to 
blend the qualities of tho specialist with those of 
the tactful and patient administrator. 

Salaries of Town-clerks. Tn respect 
of remuneration, the town-clerk’s lot is indeed 
a lia{)py one. As chief staff offic^er, he generally 
enjoys the largcii, salary on the pay-list. The 
actual range of payment may be readily illus- 
trated by a few typical appointments, which in 
some instances include sjK-cial duties in addition 
to those of town-clerk. 

In the City of London this olbccr’s salary is 
£3000, and such leading corporations as Man- 
chester and Glasgow pay tneir town-clerks 
£2000 a year. In the London boroughs salaries 
vary generally between £1000 and £1250. Other 

national; municipal, and imperial 
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figures are as follow, tho initial salary alone 
being given in certain instances. 

Newcastle .. .. .. .. £1500 

Jjcicestor . . . . . . . . . . £1500 

Bolton, £050, rising hy £50 annually to £1000 
Jhirnley . . . . . . . . t 700 to £000 

'fynemouth .. .. ..£(>00 to £ S 00 

Kxeter . . . . . . . . . . £075 

Ayr . . . . . . . . . . £500 

Ramsgate, £400, risiny to. . . . . . £(>00 

Rexhill, ^ .. ClOO 

Private practice is, in most of these instances, 
debarred hy tlu^ t(‘rms of tho engagc'ment. 
Where tlie a])pointment is not a. whole time 
one, it is almost invariably given to a solicitor, 
the salari(‘s paid varying from about £100 a 
ye.ir for small district councils, iij) to £500* or 
more for tb<‘ boroughs, and the person ap])oint(Hl 
having to provide his own ofliccs and stalf. 
Hi«l. salaries, in this branch of the siuviec' 
at l(‘ast, nr(‘ not eonliiusl to tlu' foremost 
authorities, boroughs of ciuito modm'ate import - 
aiKte ])aying tln ir chief olheial from £700 to 
£1000 or so per annum. Such of the ])o.'.ls 
named as havc^ r(‘e('ntly been offered for eom- 
petition have been usually restricted to admitted 
solicitors, or, in Scotland, to law' ag('n(s and 
Writers to the Signet. The (‘Ifeet of such a 
]iroviso is to limit competition, and to reiukT 
advan(?ement s))eedy anil sure for solicitors of 
the requisite ability and training. 

Qualifications. It will Ix^ ovidiait from 
wbat has been said of tb(‘ towai-ek'rk's diitic's 
that a wide ex|KTieiice of municipal matl(Ts 
is of even greater im[)ortance than a purely 
legal training. Local government work lias 
special requirements w^hich can only be met 
by years of ])ractice in a municipal office. But 
men thus qualified often W'in leading a])point- 
ments at- an early age. 

The town-clerkship to the City CV^rporation, 
for example, w'hioh is, perhaps, the premier 
poKsition of its kind in the kingdom, is held 
hy a brilliant lawyer, wdio when elected was 
only some 35 years old ; yet his previous 
municipal record included several subordinate 
])ositions and some seven years’ experien&e as 
chief of tho Leicester staff’. Rochdale. Bolton,, 
Bc'xhill, and Tynemouth can show appoint immts 
w hich wore won at similar early ages. 

The Best Beginning. A number of town- 
clerkships are held by barristers, and many 
others by non-lawyers ; and there is notJiing 
to prevent towui councils from making similar 
ap 2 )ointmcriis in the future. But the tendency to 
favour professional lawyers — and ])artioularly 
solicitors — is increasing. A careful study of the 
careers of many successful town-clerks makes 
it abundantly clear that, to scxjurc the most 
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promising start, a candidate should begin 
his training as articled clerk to a solicitor 
holding an appointment as clerk to a local 
authority. To a considerable extent at least 
tho to^vn-cle^k is made rather than born; and 
the formula for success may bo expressed as 
ability pliis municipal training plus professional 
qualilication. A further argument in favour 
of the last item in this formula may be found in 
the practice followed by some authorities of 
combining the appointments of town-clerk and 
solicitor in one ollicial. 

Not a “Close** Calling. The reader 
must not conclude, however, from what luis 
been said, that town-clerkships form a close 
preserve, as it wore, shut off by a ring-fence 
from those whoso circumstances prohibit their 
becoming arlicled chuks in tlu'ir teens. There; 
is too much wholesome competition in the 
service to permit of this. A number of men 
have entered tho town-clerk’s depariment as 
paid junior assistants, and on promotion to 
the grade of committee clerk, or assistant toi^ni- 
clerk, havo shown such aptitude for their work 
that they havo been given fheir articles under 
tho town-clerk or his deputy while retaining 
their salaried posts. In this way the defect 
of a non- professional start is most readily 
cured; but its achievement is only possible 
by tho goodwill of the council and its chief 
otliccr, and is too uncertain a method to bo 
desirable, if articles can bo obtained earlier in 
the usual way. Moreover, as many an over- 
worked official has discovered to his coat, it is 
extremely arduous and difficult to prepare for 
professional examinations while occupied all 
day with the anxieties of a responsible post. 

Deputy and Assistant Town>clerks. 

What has been said on tho question of 
training for town-clerkships renders it un- 
necessary to discuss at any length the grades 
from which they are mainly recruited. Assistant, 
and deputy rank are the successive steps by 
which tho majority of princi])als have ascended 
to their positions. These subordinate posts arc 
often filled by the* promotion of able committee 
and office clerks, for many of whom they repre- 
sent tho highest positions attainable in tho 
absence of a legal training. On the ot her hand, a 
solicitor who has served his articles in a munici- 
pal office seldom has any difficulty in obtaining, 
as soon as he is admitted, either an assistant 
town-clerkship in an important borough or a 
deputyship in a smaller one. His salary in 
either event will probably begin at £150 or 
£175, and rise to £300 or £350, with or without 
tho right to practise privately. On securing 
deputy rank under a busy authority these 
figures may be doubled at least. Thus, War- 
rinigton pays its deputy town-clerk £250 a year, 
Bolton £350, Bradford £500 — rising by £25 
yearly to £750. The higher }) 08 ts, however, arc 
mostly restricted to qualified solicitors. Tho 
Bradford appointment mentioned, for instance, 
is coupled with tho duties of assistant solicitor, 
and was offered under the following conditions : 
“Candidates must be thoroughly experienced 


in local government law and practice, and havo 
an intimate knowledge of tho work of a town- 
clerk’s department in a large district, including 
conveyancing and common law, and must also Ix^ 
fully competent to act as advocate in conducting 
important cases before magistrates.” 

Clerks to the County Councils. Both 
in value and in tho special training ex- 
pected of candidates, these posts much resemble 
town-clerkshi]w, but are naturally far f(;wer in 
niimlx'r. They afford a wide gradation of 
salary, from the £350 paid by tho Isle of Wight 
to the £2(XM) with which tho County of London 
rewards its distinguished clerk. It is usual to 
advertise vacaiuaes inviting applications from 
solicitors and barristers only. In practice a 
candidate who was not well trained in tlx; special 
requirements of county law and administration 
would have no chance of success for tho towii- 
clork’s office. The best training is affv)rdcd by 
a dc[)utyship. 

Solicitors to Local Authorities. The 

solicitor to the City of London r(‘ceives 
£2500 a year, and his legal colleague, the comp- 
troller, £5(X) less. Tlx; remuneration of the 
solicitor to tho Londofi ( ‘ounty Council, who was 
formerly its |)arliamcntary agent, begins at £1200, 
and rises to £15(K) a year. In the metropolitan 
boroughs and large^' tow'iis the appointment of 
solicitor to tho council is of an avcrag(' value; of 
at least £750 a year, and often reaelies nearly 
twice that figure, without n'Striction as to private 
business. These latt(;r positions, however, are 
jealously retained, for the most part, by solicitors 
of established practice and of considerable local 
intlucnee, and are therefore attainable only by 
partnership or succc'ssion. Kasier of access for 
tho young lawyca* without influence is tho post 
of a.ssisfant solicifor mulcr a leading authority, 
such as is occasionally advertised in tlx; munici- 
pal press. Manch(‘ster pays £550 a year, and 
Newcastle £400. Cnder the London County 
Council, assistant solicitors ])ogin at £1.50 a year, 
and may attain a salary of £5()0 or £750, necord- 
ing to their ability and fortune. Further, the 
office involves a useful variety of duties, on 
tho strength of wliieh a good many assistant 
solicitors obtain lucrative town clerksh4)s. 

Other Legal Posts. Omitting High Court 
and police-court appointments, which belong 
to the National Section, there remain a host 
of other municipal offices available only lo a 
solicitor or to “ counsel learned in the law.” 
They range through the whole gamut of dignities, 
from the Recorder of Londoi^ wuth his knight- 
hood and £40t)0 a year, down to the clerk of 
indictments on a judge’s circuit, earning as 
many hundreds. Tho intermediate gradevs an; 
occupied by county-court judges (£1.500 to 
£2500), registrars (about £800 to £ltKK)), aixl 
minor clerks of tho peace, and so on, at all 
salaries. But such posts as these arc in thear 
nature legal rather than inuni(;ipal ; they an; 
available only to lawyers of standing, and, more- 
over, arc seldom (if ever) d(?firiitel,Y pursued by 
aspirants from the outs(;t of their professional 
life. EllNEST A. CARK 
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Dr. Renjamin Moore and His Most Recent 
Experiments. Making the Means of Life. 

HOW LIFE MAY BE BEGINNING NOW 


Tn tlie ninetecnlb centuty men tried 
hard to believe that the “ spontaneous 
generation of life ” was disproved, and 
yet that life had been spontaneously 
generated upon the earth in tlie remote 
y)ast. This was a hard doctrine to believe, 
ar.d probably no one quite succeeded in 
believing it, for everyone knew that all 
the conditions to favour the spontaneous 
origin of life arc found today, wliile in the 
reihotc past the conditions cannot have 
been any more favourable. Dr. Charlton 
Bastian has persistently pointed this out 
for forty \"ears, and he has lived to see 
the force of his argument widely conceded 
among the younger school of biologists. 

l^ut wlfnt we need is evidence. Tn the 
nineteenth ccntur\' the important fact was 
that the evidence for the spontaneous 
origin of life was not forthcoming. On the 
contrary, all Pasteur's experiments went 
directly in the other direction. Ibit now 
we may perhaps make a fresh start. 
Ill the opening chapters of this course the 
utmost j)rominence has been given to the 
view that the simplest forms of life which 
the microscope can reveal, such as microbes 
and the amoeba^, .tyt:ejT(.)t jreally the ^ii^est 
fdjnfs^bT fife. We have insisted upon this 
because'" The nineteenth century was very 
confident that these neAvl}^ discovered 
forms of life w’ere as simple as life could 
be. Then, when no evidence of their 
spontaneous generation could be found, 
the assertion was made that spontaneous 
generation w^as impossible. 

Whe*n, however, we realise that tlifijie 
must be and arc forms of life vastly simpler 
tJ^n^OT 'ani^ia" or eypri a micro-coccus, 
w'c inusf refrain from e\Tr again quoting 
Pasteur’s experiments, or any others 
made in the nineteenth century, as con- 
clusive. Wc must make new experiments, 
in the light of our new' knowdedge. This 
is now being done, wdth most important 
and promising results. 

We have already learnt the central 
place w^hich is occuj)ied J^y ch lorop hyll 
in the making of the living world'. By 
studying the modes of nutrition of the 
various types of life w'e have seen that the 


w hole pro blem of the origin of life t^ ns 
upon chlorophyTT, the only g ate by w TTich 
tiie energy *oi sunliglit can entST'tTTto 
inorganic matter and, so to say, viVif^t*. 
The modern Aspect of the problem w\'is 
very admirably stated by Dr. Idenjamiu, 
Moore, Professor of I^io-Chemistry in the 
University of Liverpool, in 1912, in the 
following words : 

“The substance chlorophyll is itself far 
too complex to arise as a first stop from 
inorganic matter in the absence of life, 
yet as the present life-builder of the w’orld 
it gives a clue as to wdiat ought to be sought 
for in all experimental work designed to 
discover a bridge over the interval betwaKui 
the inorganic and the organic. The mo- 
dern probk'm of spontaneous generation 
daw'ns upon us from these considerations. 

. . . In this manner w^e can conceive 

that the hiatus between non-living and 
living things can be bridged ox'cr, and there 
aw'akens in onr minds the conception of 
a kind of spontaneous generation of a 
different order from the old. 

“ The territory of this spontaneous 
production of life lies not at the level of 
bacteria, or anirnalculcT, springing forth 
into life in dead organic matter, but at 
a level of life lying. . deeper than anythin g, 
the microscope' can reveal , ahd possessi ng 
a Tow’e’f unit than the living cell, as wc 
form our concept of it from the tissues 
of higher animals and plants. In the future, 
the stage at which colloids begin to be 
able to deal with external energy forms, 
such as light, and build up in chemical 
complexity, will yield a new unit of life, 
opening a vista of ]X)ssibilities as magnifi- 
cent as that which the establishment oi^thc 
cell as a unit gave, with the development 
of the microscope, about a century ago. 

“It was no fortuitous combination 
of chances, and no cosmic dust, which 
brought life to the w'omb of our ancient 
mother earth in the far distant Palaeozoic 
ages, but a w'ell -regulated, orderly develop- 
ment, which comes to every mother 
earth' in the I'nivcrse in the maturity 
of her creation when the conditions 
arrive wdthin the suitable limits. 
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“ Given thg.jaifis.mce of nt^ter an.d.RHSg?v 
formed undei* proper conditions. juust 
come incvitabl^^ jus^bVs^^ flic ]3roi^r 

^nclTtions 'dr energy and complexity of 
matter in the fertilised ovum, one change 
after another must introduce itself and give 
place to another, and spin along in kaleido- 
scopic sequence till the mature embryo 
appears, and this in turn must pass through 
the jdiases of growth, maturity, reproduc- 
tion, decay, and deatln 

“ If tlii» view be the true one, there must 
exist a whole ivorld of living creatures 
ivhich the microsco]ie has never shown 
us, leading up to the bacteria and the 
protozoa. The brink of life lies not at the 
production of protozoa and bacteria, which 
arc highly developed inhabitants of our 
world, but aw\ay dow^n amongst the col- 
loids, and the beginning of life was not a 
fortuitous event occurring millions of years 
ago, and never again rej)eated, but one 
wiiicli in its primordial stages keeps on 
repeating itself all the time, and in our 
generation. So that, if all intelligent 
creatures w’cre, by some liolocaust, de- 
stroyed, up out of the depths in process 
of iiiillions of years intelligent beings 
wx)uld once more emerge.'* 

This long ciuotation from Professor 
Moore's w^ork on the “ Origin and Natuni 
of Life ” should be read and re-read w ith 
caL’r<5; because it seems not unlikely to take 
a historic place iit the advance of our 
know'ledge concerning one of the deepest 
and most fascinating problems in all 
science. If there w’erc nothing in the way 
of experiment to add to Professor Moore’s 
speculations little more than a year ago, 
perhaps this would not be the place to 
quote them, but since his words wore 
W'ritten he has set to work on the lines 
laid down b\^ himself, and has already 
reached some results which promise to be* 
of the first importance, and w hich ]nust 
now be studied. 

In our last chapter wo found ourselves 
faced with the two propositions, “ No 
chlorophyll, no life," and " No life, no 
chlorophyll." But what if we can find 
anything which might act like chlorophyll, 
using sunlight, as it docs, but wiiich could 
come into existence without the action of 
pre-existing life ? If we could find .such 
a thing, it might furnish a really " span- 
taneoiis " beginning of life. The search 
for such a substance w\as the task which 
Professor Moore and his assistant, Mr. 
T. A. Webster, set themselves. In a paper 


received by the Royal Society in June, 1913, 
and .subsequently read at the International 
1 Physiological Congress, these w'orkers 
have given us the first results of their 
remarkable inquiry. The full title of the 
pa])or is as fol low's, and the one unfamiliar 
word will soon be quite familiar to the 
student : “ Synthesis by sunlight in 

relationship to the origin of life : synthesis 
of formaldehyde from carbon dioxide and 
W'ater by inorganic colloids acting as 
iransfonners of light energy.” 

The unfamiliar and all-important word 
here is colloid. It w'as introduced into 
science half a century ago by a great 
investigator, Thomas Craham. ft lilcirally 
means ^lnc 4 ikt\ and we may think of 
'vhich rather resemble 
pl^ properties.^' Graham 
taught us to contrast colloids with cryslal- 
loicls — substances which ^verc not glue- 
like, but like ctystals, say of common 
salt, and wdiich, wixrn dissolved, formed 
clear .solutions wiiich W'ould travel any- 
wiiere. P>ut glue does not form a clear 
solution, and o\;pn when we melt it in 
w'ater it will not " mix," as the solution of a 
crystalloid will. Now', liyjug uiatter in 
general is made up essentially of colloids. 
Chlorophjil itscir; ToTinStanCC, i^a colloid, 
aild .so are all the ferments wiiich 'Tve 
have already liad rcasoiHlTstudy. 

The chemistry of 11 10 colloids is a very 
obscure and difficult subject, about which 
chemists themselves are as yet in extreme 
disagreement, and winch cannot be dis- 
cussed licrc ; but llie great point for us is to 
realise that colloids have certain peculiari- 
ties W'hich may be summed \\p in the w'ord 
nnslahlc . UJ,^j^,Q,l*e,.ra;HlQ of vcryJl‘'''i'S^‘ 
molecmles (see chkmistuy), S() large 
f^^'a’re alw^ays tending To. V.^ak^dmy^^ ; 
they ”afc" 'in |e] , f selv sensitive to external 
i nfluences ^.syfc//> a$. ahd 'if is this 

exITSuri nst abili ty, w hich wx* may almost 
call sensitiveness, of the colloids lliat 
accounts for the behaviour of living 
matter, which is essentially made of col- 
loids and of nothing else. 

The colloids found in living cells were 
made by them, and therefore they cannot 
furnish us with the key to tlie origin of 
life. But if wx turn from tlicse organic 
colloids to lli^ inorganic colloids, which 
do not need life to make them, wx may be 
on the right track. As far back as 
November, 1911, Professor Moore began 
to experiment with solutions *knowm to 
chemists as the h3idroji^.5,j2|,^^ 
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and iron. These have thc^ curious chanictora 
df cotfolds, but arc inorganic, not needing life 
to make them. The question was whether such 
inorganic colloids would serve as the means by 
which sunlight could build up the compounds 
which are characteristic of life. If they could 
so serve, then we mighl. believe oursedves 
nearer to th(^ origin of lihj upon the earth than 
science has yet bei'ii able to reach. 

A First Step from Non-Living to 
Living Matter. It was formalin or formal- 
dehyde that Profeissor MoorfvTTSpP?! to observe 
the formation of und('r these conditions. Since 
1900 wo have had proof that formaldehyde is 
constructed by sunlight in the green plant, 
thanks to the inrttspnn?tircht^ presence of its 
chloro p h y ll. This is the initial step in the 
cficnucSil cycle of the living world today; but, 
as we have se(‘n, it requires the chlorophyll to be 
there first, and the chIoro])hyll requires tlu^ life 
to be th(*re first. But. if inorganic colloids, such 
as salts of iron, could enable sunlight to con- 
struct formaldehyd(‘, w(‘ might believ(' tliat we 
were witnessing the initial step from the inoiganio 
to the living world. 

Professor Moore's Experimental 
Success. For more than a year Proh^ssor 
Moore’s ex})erinu'iits failed to reveal any positive 
result, but in the spring of i91.‘l he succeeded in 
discovering fQXjiualdehyde, made In the almnce oj 
/;t/€^ J>y the action of sunlight on water and the 
^\‘irbo)i’]^di6xid P? 

mbfganic colloids. Exceedingly (ITlufi* solu- 
tions, cither of the iron comj)ound or of the 
uranium comt)ound, are all that are ne<‘ded. 
So long as the sunlight w’as inadcquat(\ or was 
cut off by unsuitable glass of the vessels nec'ded 
for the experiment, no formaldehyde was 
formed. CWtrol exj)erinients carried out in the 
(lark yielded no formaldehyd('. whatev('r. The 
ultra-violet rays of sunlight were found to be 
the most effective* — that is, the “ f»h(^»imcaL” 
“ p hotog raphic ” or “ actin ic ” rays to which 
our eyes arc insensitiv^o, hnt which arc well 
known to have the greatest (hernieal power 
in many other directions. 

Similarities in Nature and Experi- 
ment.* A ])oint of great importance is that, in 
these experiments, the colloids used were not thetU' 
fielves cha nged. They acted simply after the fashion 
of ferments, being tlu* means of profoundly 
important chemical reactions, yet themselves 
taking no share in those reactions.^ Wh(*n 
formaldehyde is made in Natun? in the green 
plant, the chlotophyll, the organic colloid, 
without which the sunlight could not a(!t, is 
similarly itself unchanged. 

Professor Moore further found that a mercury 
lamp would provide th«* necessary light, and that 
formaldehyde could be produced by it as readily 
as by sunlight. In either caje the energy of 
the light is taken up and built into a new com- 
pound, formaldehyde, which, as we have already 
learnt, is its* ‘If the starting point for such 
substcancos as sugar and starch, upon which the 
green plant *lives — to say nothing of ourselves. 
Without the intervention of the living cell, in 

862 


these experiments sunlight has been turned 
into “ organic ” carbon compounds which life 
^can obtain energy from aud live by. The 
^promss of what we hare learnt to call jih/ito 
I RijpOuLRis has been reproduced without recourse 
I U) chlorophyll. 

Experimental Conclusions. The follow- 
ing, in the author’s words, are the conclusions of 
this remarkable paper, the momentous character 
of which will be evident to the careful reader. 

) : “ Organic matter (aldehyde) has been syn- 
thesised from inorganic colloidal uranic and 
ferric hydroxides in very dilute solution. Thes(^ 
colloids act as catalysts (ferments) for light 
energy, converting it into chemical energy in a 
r(‘dnction proc’css similar to the first stage of 
synthesis of organic; from inorganic substances 
in the gre(‘n plant by the agcaiey of ehIoro])hyll. 

‘SSuch a synth(\sis occurring in nature probably 
forms the first step in the origin of life. For 
chlorophyll and proto])Iasm are siihstanees of 
far too complex chemical const itiitioii to he 
r(*gar(h‘d as the first step in the* (‘volutioii of the 
organic from the inorganic. 

“ Wit hout the presence of organic mat(*rial, 
when life* was arising in the world, any eon- 
finiiance of life would, howiwer, be impossible. 

Tin* proec'ss of evolution of sim])le organic; 
sid)stanc*c‘s liaving once begun, as now ex})eri- 
numtally demonstratc‘d, substance's of more 
and more* complex organic; nature* would arise 
from these with addilional uptake of cmergy. 
J^atc'r, oT’ganic; c;ollc)icls would be; formed, ])os- 
sessing meta-stable properties, and these would 
begin to show' the y)rof)(*rtic*s possessed by living 
matter of balanced equilibrium, and up-and- 
dowm energy transformatiems following v^ariations 
in environment. 

Life Forming Always, Everywhere. 

** There can be little question that such ('iiergy 
change's as are above described occur at present, 
and are leading always to fresh evolutions of 
more complex organic substances, and so 
towards life ; and equally is it true that they 
must occur on any planet containing the necessary 
elements for the evolution of inorganic colloids, 
and exposed to light-cnergy iimler suitable 
conditions of environment.” 

The Manufacture of the Means of 
Life. Here, then, is the most recent, most 
authoritative and best-supported’ teaching of 
science on the groat question of the “ origin ofhfe.” 
One truth always leads to another. Believing 
that microscopic cells w'cro the simplest possible 
forms of life, the nineteenth century could get 
no further with the problem of the' origin of life, 
for all the evidence seemed clear that such cells 
do not arise except from cells like themselves 
today. But the discovery that there are 
simpler forms of life than the amceba,~n;n(l tlia f 
tfiere^musr Be"’ 

fmin ^ profor )Enr, has led students of 
cEemistry ofTile^^much nearer to the real begin- 
ning. How to turn sunlight into the stream of 
life, without the help of pre-existmg life, that was 
the question, and Professor Moore has at least 
taken the great step of proving that sunlight, 



acting on not-Iiving material, can produce one 
of the characteristic foodstuffs of the living 
plant. Hence ho is perfectly entitled to argue, 
as ho does, that life may bo taking its origin, on 
our own planet or any other world, in the 
present or at any past time, wherever the 
necessary conditions of light or radiant energy 
from without, and suitable rnat(*rials for it to 
act upon, are found. 

Incipient Life Waiting its Chance. 

This view is consistent with the Mdiole theory 
of evolution, and makes it unncc(;ssary to call in 
the aid of a “ special creative aet “ for tlie 
ori^n of life. On the contrary wo have (he 
vision of a continuous evolutionaiy process, as 
described by Herbert Spencer in his great 
statement • of Universal Evolution, a process 
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“ Man’s Place in the Universe,’* was that this 
earth alone could sustain life, and could thus 
become iho home of intclligonco, as we find it in 
man. Dr. Wallace’s views must hero and now 
bo rejected, with all deference to the sincerity 
and intellectual pow'er of his argument. 

Ho was able convincingly to show, as a 
master in the study of adaptation, that the earth 
and its life are exquisitely and subtly adaj)ted 
to one another. ILmce ho was justly entitled to 
conclude that life as wo know it could not 
exist could neither have arisen nor, having 
arisen, bo maintained - upon any planet in tho 
whoUi Universe unless tliat planet were an 
absolute duplioato of our own earth. Dr. 
Wallace’s demonstration of tliis proposition 
was complete, and his book will long bo reniem- 
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which passes onward from the lifeless to the 
living according to orderly and certain laws. 
Further, this conception tcaehe.s us to look upon 
life as potential, incipient, waiting its chance, 
in and behind and through matter everywhere. 
This is a great philosophic conception, as old as 
human thought, but distinctly nearer scientific 
demonstration today than it w^as even only a 
year ago. 

Dr. Russel Wallace’s Theory of Earth- 
reared Life. Dr. Alfred Russel Wallace de- 
voted the latter part of his life to various social 
and philosophical problems of high importance, 
including this problem of the origin of life and 
its distribution in tho Universe. The conclusion 
which he reached, in his remarkable book 


bered and long bo worth reading. But the 
evolutionary theory, in tho development of 
which Dr. Wallace played a distinguished part, 
asscjrts that living things hAvo aclapted them- 
selves to their environment, that life asserts 
itself as and how it can. 

The Infinite Variation of Life. Tho 
forms or effects of life which are not adaptcMl 
well enough must die out, and that is what 
happens in the process of “natural selection,” 
which w'as indf'poridently thought out by 
Darwin and by Wallace. The forms which life 
takes, on this theory, depend always upon 
Uie circumstances of the environment or sur- 
roundings. A form of life whicli required to 
breathe an atmosphere of pure oxygen, let ua 

863 



GROUP ll—LIPK AND MIND 

suppose, could not exist on our earth, because 
there is no such atmosphere at its disposal ; 
and so with any other ease we choose t o imagine. 
The arguments of Wallace that the forms 
of life we know could arise and survive only 
upon our earth w(T(‘ irresistible*. But he had no 
right whatever to assume, as hii did, that the 
forms of life w(* know are tin* only forms w'hieh 
life could take. On the contrary, the whole 
theory of organic cvoluti(jn assumes tliat life 
is capable of all but infinite variations according 
to the vaiying circumstances in which it may 
find itself. Only upon the earth, assuredly, could 
we expect to find terrestrial life ; but that is no 
reason why Mtartian forms of life should not have 
evolved upon Mars — forms w'hich would surely die 
upon our (‘arth, as probably any form of earth- 
life would perish if suddenly traiisf(*rrcd to Mars. 

Life in Waiting for Opportunity* 

According to reason and to ])hilosophy, the dee])er 
and wiser belief is that which Professor Moore has 
so recently afforded this new and remarkable 
evidence to support.. Jt is the b(‘lief that everv- 
where throughout the IJnivers**, Ixbirul all matter 
(‘verywhere, lie invisible the ])ossibilities of life, 
awaiting, sc# to say, their ojjportunity. The laws 
of matter and (auagy, the huvs of chemistry and 
physics, we have the right to b(‘lieve, an* 
universal: they upply in the sun or in Sirius 
as they do upon the earth. •1'he same kinds of 
elements are found making up all matte*!*. 
H-adiant energy, such as that of the* sun, per- 
vades all space - ///c Unitrmi is full of light 
From star to star, outwards in all directions, 
this radiant energy Hows. Look uj>wards upon a 
clear night, and it Hows into our eyes from 
millions of stars. Of course, its intensity varies 
in different places ; much loss iute'iise light falls 
upon ♦lupit(‘r, and much less still upon Keptunc, 
than falls upon our (‘arth frcmi the sun. 

But this ))lay of radiant en(*rgy. more or 
l(*ss, of eonrso, is every wHicre. and the matt('r 
upon W’hieh it. falls is every wIutc fundamentally 
the sanw’, and olieys the sanu? laws. Wo have 
just learnt how radiant energy can build itself u]) 
into chemical compounds on the img, at least, 
towards those which life inhabits; and we 
have ev4*ry reason to follow Professor ISToore 
when he argues that similar results may follow' 
anywhere in the Universe, at any time, whenever 
the necessary combination of conditions is 
satisfied. How^ many kinds of ccuulitions will not 
suffice, and how many kinds of lib* may not 
thus be naturally evolved, no man can say. 

Only a First Step, While the reader 
will attach very high and s])ccial importance 
to these new' experiments, seeing how immense 
is their significance, we jnust Ijcw'are of sup- 
posing that we have gone all, or nearly all, 
the way when we have taken only the lirst step. 
Professor Moore has dont^ no more than that ; 
but this is prc-cmiiu^ntly a ease* we may hope, 
where “it is only the first step that counts.” 
We cannot bo too exact or clear in our under- 
standing of the position w'hich science has now' 
reached in regard to this mighty problem, and 
therefore it is well that wc should have before us 
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the w'ords which Professor Moore wrote a few 
months before ho achieved success. Here is the 
exact quotation of his statement of the problem. 

Where the Experiment Stops Short. 
“ If a mental picture be conjured up of a world in 
which there is as yet no life, but where conditions 
are .suitable for life to appear, it is evident that 
a spontaneous production of such a thing as 
even a bacterium or other unicellular organism 
would by no means solve the problc*m, tlu^ new- 
born coll would have no organic y)abulum, and 
must ])erish. The production of anything so 
complex as chlorophyll at such a stage is un- 
thinkable to anyone acquaint'd with the subtle 
continuity of all nature. Jn such a world in- 
organic colloids must first develop, and in time 
one of these must begin to evolve, not. a living 
ct‘ll, not anything so comj)lex as a micro-coccus 
or a l)acillus, not ('von a comph'x prott'in, carbo* 
liydrate, or fat, but sonip. guile simple Jortn of 
organic molecule, holding a higher slore of chemical 
energn than the simple inorganic bodies from irhich 
if was formed. To carry out such a function the 
inorganics colloid must, possess tlu* proj)(*rty of 
transforming sunlight, or some otla'i* form of 
radiant ('iicrgy, into chemical energy. Later, 
siieh sim))le organic compounds, by the agency 
of the* Sana* or some ollu'r colloid, and with a 
supply of external (‘iiergy, would begin to eon- 
(l{'us(‘ and form more complex organic. molecul(‘s, 
and tinally eompl(‘X(‘S of inorganic and organic 
matt(*r would come into existence as erystallo- 
eoiloids. Tn this way, without any iiiatus, life 
would he led up to, and inanguraU'd.” 

Hope of Bridging the Abyss. The 
w'ords we have italicised in this quotation exactly 
d(‘scrib(^ the formaldehyde which Prof(‘ssor 
Moore has since been able to (evolve by the 
action of sunlight on inorganic colloids. But his 
words will show how far wc have still to go, and 
will correct the impression which was, unfortu- 

nately. aroused by several newspaper n'jjorts 
of his work— that he had “created life” in his 
laboratory. What he has done w'e can now learn 
from his own words, some written before and 
some writt(‘n after his experimental success. 
Remarkable developments may soon be ex- 
pected from so auspicious a beginning. It 
reaches sun*ly, though as yet only a very little 
way, out across that unbridged abyss, between 
the lifeless and the living, which the theory of 
Universal Evolution must bridge, yet which 
utterly defied the best efforts of the centuf^ of 
which that theory is the greatest intellectual 
achievement. 

Meanwhile, science owes something like an 
apology to the memory of Herbert Spencer, the 
fearless and independent thinker w'ho never 
admitted the possibility of a non-naturfil gap in 
Universal Evolution, from the lifeless to the 
living. Men of science used to laugh at him, 
though Darwin, the greatest of his contempo- 
raries, 'called him ‘‘our grejit philosopher.” The 
experiments of our own time suggest that he 
was great indeed when he declined to cut the 
universe into separate parts, but traced the 
evolution of life as the fruit of inorganic or 
cosmic evolution. C. W. SALEEBY 
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The Race of Nations for Commercial Supremacy 
Dangers and Difficulties that Have to be Faced 

FUTURE OF THE EXPORT MARKET 


As we showed in dealing with tlie future 
of the home market (p. 735), the main-' 
tenance of British export trade is essential 
to the national existence. Witliout enor- 
mous exports we should necessarily sink 
in the scale of nations, because our owu 
natural resources, a])art friun coal, are so 
])oor that we have to import by lar the 
greater part of the raw and crude materials 
of our work. A st'lf-contained United 
Kingdom is, of course, a possibility, Vmt 
self-containment could only l)e ])urchased 
at the price of a very low scale of living. 
With it the greater ])art of our industries 
would disappear, and no small part of 
our population, deprived of imports 
upon which to exercise their skill, 
would be d liven to emigration. That 
done, a greatly rt‘duced population 
could exist at a very much lower 
standard of life by agricultural work and 
subsidiary industries. 

In considering the lulure of the Ihitish 
export trade, therefore, we come to the 
review of a subject of vital importance to 
our peo])le. It is a matter in which every 
citizen of the country is intttrested, no 
matter how employed. An occupation 
ma}^ not appear to depcuid upon, or even 
to be connected with, export trade, but 
the circumstances of our national economy, 
as explained in the article dealing with 
the home market, forbid anyone to 
believe that his work is really independent 
of external trade. 

A builders* labourer, for example, may 
conceive himself as working in a purely 
domestic industry, but the fact of the 
matter is that his labour would probably 
not be wanted if wealth derived from 
external commerce had not created popu- 
lation and led to a consequent demand 
for houses for that population. A jour- 
nalist, again, may seem to be wholly 
outside the influence of external commerce ; 
as a matter of fact, his employment 
depends upon conditions of wealth and 
population in a country which has risen 
to its present posifion largely through 
an intelligently directed export trade. 
If we are to form a proper idea as to 


the po.ssihlc future of British export trade, 
it is necessary to understand the past. A 
table on the next page gives a broad 
review of the commerce of fhe United 
Kingdom from the beginning of the 
nineteenth century to the preseni day. 

It should be borne in mind in con- 
sidering the tal)le that prices have varied 
considerably (luring the long jH'riod dealt 
witii. Prices fell generally, with .some 
intervals of re-action, right through the 
period down to about wIkmi they 

began to rise again, the ])ric(‘s of the 
present time being very much at a level 
with thost' of th(^ ’eighties. 

It will be seen that, taking into account 
both the rise in values and tl^e fall in 
priixs, the volume of Ibitisli (‘xports has 
risen enormously, hlspecially let us note 
how ex{)()rls rose in the iniddk' of the 
nincdecailh century. H(‘tw(‘eii 1850 and 
1870 the value of ih'itish exports ros(^ 
from £7 1. 000, ()()() to £i()(), ()(>(), ()()(), an 
increase ol /i28,ooo,()oo, or j8o per cent. 
Then, it will be perceiv(?(l, there was a 
slackening in the rate ol advance, althoiigli 
the advance continued. 

That slack(‘ning is not difticult to 
understand. l.)own to about 1870 — we 
s])eak of the modern industrial era whicli 
began in the latter part of the eighteenth 
century — Ibitain had things all lau" own 
way in tlie world of industry and com- 
merce. That arose from the fact that 
British inventors, by unlocking the secret 
of coal power, gave an extraordinary and 
peculiar advantage to their canintry. 
Britain was for a considerabh' period in 
a position which can only be (lescril)e(l 
as unique. She was founding large-.scal(‘ 
manufactures, which had never existed 
in the world before, iq)on the Ixisis of 
her coal mines. She was 'fcne of the few 
countries in the world which possessed 
a great coal .supply, and the others who 
were equally fortunate in great fuel 
resources^ were not in a position to use 
them to any great effect. Under such 
circumstances •it is not surprising that 
our British commerce continued to 
increase by leaps and bounds. 
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UNITED KINGDOM’S EXTERNAL TRADP4 

SoTV .. — This ta])Ie shows llio value of imports ami exports 
as (ledarcd at the ('ustonis. Imports arc valued c.i.f. 
(I.e., irtduHlve of freidi<^ uiid insuraaeo charges). Exports 
are iurludod f.o.h. (free on hoard) at Jiritish ports. 
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of 
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• Troin 10(10 onward the iluures inehido value of 
exi)orts of new ships not previously recorded. 


Germany Under Industrial Discord. 

Lot US consiVlor f Iio position occupiod by Germony 
in t}ios(^ (uirly days of inodom iudnstry. In tho 
early parUof tlio nineteenth century, when the 
United Kingdom possos^ed internal unity and in- 
ternal peaces Heeiirc'd hy her Navy, tho (Jennan 
Empire consisted of alxmt two lumdrod dilTcrent 
kingdoms, fluehios and states of various kinds, 
which not only waged commercial warfare upon 
each other by mc'aiis of protective duties, hut 
had diflerent systems of weights and measures 
and of coinage. Germany, in short, w'as a 
“geographical (‘xpressioii,’’ eonsisling of a. largo 
niimher of stales which did their host to injure 
each other’s trade, and succeeded very w^cll 
in the task. It was not until 1 833 that a Gorman 
Customs Union w%as formed, hut still thc^ various 
states retained their different coinages and 
W'cighta and measures, l^arge parts of Germany 
ri‘maincd outside the Customs Union for many 
years ; Hamburg, Bremen, and Luhcck, the great 
ports which mean so mueli to Germany, did not 
join tho (German Customs Union until 18()(>, 1888, 
and 1889 respectively, '^riiiia Hamburg did not 
become one with G('rniany for trade purposes 
until four years before the Eranco-German War. 

Germany Under Industrial Unity. In 

1870 German unity was won, and tho various 
Gorman states recognised in tho King of I’russia 
a German Ca'sar. Then, and then only, was it 
possible for Germany to take up in peace the 
work of industrial and commercial development 
wdiich centuries ^before she had show n herself 
so cii])ablc of. Tho dreadful Thirty Years’ War 
of 1618-48 prostrated the German peoples, robbed 
what is now (Germany of onc-half of its popula- 
tion, and reduced some of its districts to deserts. 
Between tho end of the Tliirty Yt'ars’ War and 
the Eranco-German War, the study of German 
histoiy will show how little cliancc she had to 
recuperate. Before 1018 tho great German 
cities were world-centres of trade, but not 
until modem times had they tho chance to 
exhibit their old capacities in the arena of com- 
merce. When at last Germany had opportunity 
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to develop her groat power resources, it is not 
surprising that she made rapid progress, but it 
was not until the ’eighties that the British people 
awoko to the fact that a great commercial com- 
petitor had arisen in Europe. As recently as 
1875 Germany produced only 48,000,000 tons 
of coal (including lignite) in a year. In the 
course of tho next ten years tho output was 
nearly doiibk'd. 

Growth of Population in the United 
States. When we turn to tho third great 
industrial nation, the United States of America, 
W’o are reminded that in the early days of tho 
modem industrial period America, like Germany, 
was not in a position to develop her mighty re- 
sources for lack of j^opulation. In 1 800, w hen tho 
small area of tho United Kingdom contained 
nearly 1G,00<I.OOO people, the United States con- 
tained onhj 5,000,000 people. In 1820, when tho 
United Kingdom had 21,000,000 people, the 
United States ecjiiiained l(‘ss than 10,000, (J(J() 
people. Even in 1 850, wlicii the United King- 
dom contained 27,000,000 pe(j])le, tho United 
States had only 23,000,000. In tho next forty 
years, however, population floeked to the United 
States, the country gaining forty millions of 
IJcople in ftuty years, so that in 1890 tho popula- 
tion was iKNirly 63, OIK), 000. In 1914, after only 
24 more years, it is about 07,000,000. 

Parallel Expansion of People and Re- 
sources. It needed only population to prove 
tho extraoi'd inary value of American natural 
resourci's, wliieli are greater than those of 
Britain and Germany put together. Her coal is 
magnifi(j('nt, but it is rivall(xi l)y her oil, fertility, 
forests, copper, load, and so on. in tbc pciiml 
of British most rapid development, there were wise 
men among us who foresaw that America must 
come to produce much more than ourselves in 
the lime to come, and their prophecies have been 
faithfully fulfilled. 

Wo caimot take a better measure of tho nations 
in point of productive power than by ascertaining 
their coal productions. Tho following table 
refers to both coal and lignite. 


THE WORLD’S COAL POWER 

Shown in Millions of Tons Avoirdupois 


COUNTllY. 

1875 

1885 

1895 

1005 

1011 

United Kingdom . . 
United Stales .. .. 

Gorman Empire 

]3:P3 

40-7 

47-8 

159-4 
99- 1 
724 

189-7 

172-4 

102-3 

236-1 

350-8 

171-1^ 

271-9 

^43-0 

*^230-8 

United Kingdom. 






United States, ami V227-8 
Germany together J 

330-9 

464-4 

758-0 

945-7 

British Possessions . . 

2‘9 

66 

12-9 

28-8 

423 

Franee 

10-7 

19-2 

27-5 

35-4 

38-7 

Belgium 

148 

17-2 

201 

21-5 

22-7 

Austria-Hungary 

12-9 

200 

32-1 

41-8 

47-3 

llussia 

1-7 

4-2 

8-8 

18-4 

22-8 

Italy 

01 

0 2 

0-3 

0-4 

0-5 

Spain 

0-7 

0-9 

1-7 

3-4 

4-0 

Sweden 

01. 

0-2 

0-2 

0-3 

h-8 

0-3 

.Japan 

— 

1-3 

4-8 

15-8 

Tlic Worhl . . . . 

277-7 

400-7 

572-8 

919-8 

1140-1 

United Kingdom out- 
put expicased as 
percentage of world 
output , 

|480 

39-7 

33-1 

25-6 

23*8 
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The Race for Productivity. Wn soe llmt 
in 1875, when British industry was absolutely 
supreim^ in the world, British eoal mines actually 
produc('d as nearly as possible onc-lialf of all the 
coal produced in all the world. Germany and 
America together, although with much great(*r 
coal resources than we had, were producing 
bctwci‘n them only 04,(KK),(I}() tons of eoai, 
against the 133,000,000 tons w(' ])roduced. 

Now lot us ob- 
serve how rapid a 
change oe{!urred. 

After the passage 
of only ten mon' 
years, we find 
that in 18S5 th(‘ 

American and 
German coal out 
])uts were t ogether 
rather more than 
our own, l.)eing 

171.000. 000 tons 
a g a i n s t o u i' 
ir)9,(K)0,(K)0 tons. 

We also see that 
in 1885, although 
our eoal outi)ut 
had iniU’cased, it 
had relat i v (d y 
declined, having 
fallen to about 40 
jicr cent, of the 
world’s -output. 

Another t(‘n 
years passed, and 
again the position 
had greatly 
changed. We see 
that th(i British 
output had fallen 
to a bout oiK'-third 
of the e n t i r (; 
world’s output, 

W'hilc the Ameri- 
can output had 
become almost as 
great as our own, 
and the German 
output had con- 
siderably i n- 
ereased. Ten 
years later, in 
1905, America had taken a tremendous lead of 
us, while the Gorman output of eoal and lignite 
had advanced to 171,(X)0,000 tons against our 

230.000. 000 tons. The British out})ut had then 
fallen to just a trifle more than one-fourth of 
the entire world’s output. 

It is a very notable fact that three countries, 
the United Kingdom, the (lerman Empire, and 
the United fStates of America, produce 9 out of 
every 11 tons — or just over 80 per cent. — of the 
coal of the w'orld. 

Advances Real and Relative. 

If wo consider the British ligures alone, w'o 
see what a wonderful advance in coal output^ — 
in industrial power — has oeciiiTcd in the tJnited 
Kingdom. On the other hand, if wo consider 


the British figures relatively to (he workVs 
figures we see that, altliough the United King- 
dom has actually advanced, it has relatively 
declined. And that is exactly what W 7 is 
bound to hai)pcn in the nature of the case. 
The early rapid advance, as wo have seen, was an 
almost nndisp\ited advance. Tn lat('r ycar^i, 
however, w'c had to eonteiid with the fact that 
there wen' other Ri(*hmonds in the field, armed as 

^ well as, or better 

than, ourselves. 

Test of Coal 
Power. We may 
also observe what 

an extraordinary 
a d V a n t a. g e i n 
possessed by 
B r i tain, t h e 
United States, 
and (formally 
together over the 
i'(‘st of the w'orld 
in ]>oint of ]>ower 
r(‘sourf('s. 1 1 is a 
ease of tlu‘S(* tlin-i*. 
first and the rest 
novvhei^. Tranee, 
Belgium, Austria, 
and Russia put. 
t()g(‘ther do not 
]»roducc nearly as 
mueh coal as 
G(‘rmanv. Some 
countries, wo see, 
have literally no 
ehanoe. Italy. 
S p a i n , a n d 
SwiMlen, for ex- 
ample, have so 
little eoal that' it 
is negligible, and 
it will be notie(‘(l 
that soinc^ otluT 
eountii(‘s, for e\- 
am])le, Dc-nmark, 
do not apjiear in 
the tabk? at all, 
being d(‘stitute of 
eoal. Sueji coun- 
tries have nec(‘s- 
sarily to remain 
agricultural eoim- 
tries, and therefore ])oor countries in comparis(>ii 
wdth bettor endowed nat ions. 

The Levelling-down Effect of Coal- 
getting. There is a good deal offiincertainty as to 
tlie quantity of eoal actually possessed by dillVreiit 
nations at workable depths, '^rhero are con- 
siderable coal areas in Russia, Australia, (’anada, 
India, and especially Uliina. (’Iiina, inck-ed, is 
probably oiu' of the greatest eoal countries of 
the world, and in the 1im(‘ to eonie she may 
become a great iiftlustrial jwwer if coal remains 
the chief source of industrial power. As to the 
other eountri(‘s named, while they have great 
coal areas, they do not apiitiear to have great 
quantities of eoal which can he cheni^hj worked, 
which is the chief asset umler present conditions 
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COAL OUTPUT OF THE THREE (HlEATKST NATIONS 
In thifl (liiiKi’nin tho coal <listri«ts arc shown dark. Eich truck reI)rc^ 
20 niillioii tons of the annual output. 



GROUP 12-^BUSINE88 


It should bo observed, however, that as those 
countrica which have the most available coal 
cream their resources, they equalise their advan- 
tages as compared with the countries which have 
deep and dear coal. 

The Advent of Oil. Some of the coal 
nations also possess fine mineral oil resources, but 
the amount of this naturally distilled product 
in the world docs not appear to be great enough 
to make it a serious competitor of coal as a source 
of power, although it is apparently destined to 
make a great mark in connection with shipping. 

Indeed, if oil comes to be used universally in 
ships, it will bo a groat misfortune for the 
United Kingdom. This ought to be thoroughly 
understood. While the wmld’s ships Jiro run 
with coal, there is great need for coaling stations 
throughout the world, and the United Kingdom 
therefore exports large quantities of coal. 

Effect of Coal Cargoes on Trade. These 
coal exports play a profound part in the 
prosperity of British shipping because they 
furnish good ouivrard cargoes. Their value is 
great for the following reason. Our imports, 
which chiefly consist of food and raw materials, 
are hcavy^.and bulky, and therefore form big 
cargoes. Our exports, on the other hand, chiefly 
consist of manufactured articles which, value 
for value, arc small in bulk as compared with 
food and materials. Thus it follows that 
our exports of manufacturers, alt/hough great in 
value, are comparatively sniall in bulk. We 
have, therefore, a picture of many ships being 
needed to bring in our imports and few ships being 
needed to take out our exports, and if ships 
coming in with cargoes have to go out in ballast, 
shipping is unprofitable. Clearly it is for- 
tunate for British shipping that coal exports 
exist, because they form a bulky cargo and balance 
our bulky imijorts. 

The Rivalry of Coal and Oil. If oil 

supplants coal for the world’s ships, our coal 
exports will not bo required, and consequently 
our shipping wall bo injured by the loss of most 
valuable outward freights. 

Thai is a pertinent reminder of how scientific 
progress unequally affects the nations of tho 
world. The man who developed the modem 
steam Engine made a gift to all tho world, but 
especially a gift to the coal countries. The 
men who aro developing the modern oil engine 
are hitting us in two ways : (1) Because we have 
no oil, and (2) Because of the peculiar value 
to us of coal exports for shipping purposes. 

The Compe|ition of Water Power. In 
recent years there has been a considerable 
development in some parts of the world of the 
use of water power, and this has made a consider- 
able change in France, Italy, Switzerland, and 
other countries which have tho good fortune 
to possess water power. A specialised engineer- 
ing has arisen in this connection. Tho use of 
water power is more local than the use 

of coal, and some nations are almost destitute of 
it. As far as it exists in the world it is a jjoint 
against the. competitive power of the United 
Kingdom, as we are not well off in this respect. 


It was estimated for the Royal Commission on 
Coal which sat in 1901 that if all the British 
water power was utilised it would bo only 
equivalent to the use of 1,200,000 tons of coal 
per annum. Many other countries are more 
fortunate, but it does not appear that water 
powtT.is yet a serious competitor of coal. 

How Coal PiRver Favours England* 
One paramount consideration stands out with 
regard to any new sources of jDOwer which may in 
time to come supplant coal. It is that the new 
source of power is unlikely to be one which will 
confer such peevHar advantages upon tho United 
Kingdom as coal now confers. While coal is the 
arbiter of economic strerigtli, it is well for tho 
nation which has it in such abundance and 
cheapness as we have it. If and when coal is 
supplanted, our extraordinary advantage in this 
respect will disapj)car. 

Here, however, we get into tho region of specu- 
lation. We cannot control tho development of 
science ; all we can do is to utilise what resources 
we have in the best possible way, and to neglect 
no possible means of conserving what is now 
and what is for long likely to bo tho chief source 
of power in the world. If coal is sup2)lantcd wo 
cannot blame ourselvt‘S, but while coal means 
so much to us we ought to do everything that wo 
possibly can to use it to advantage. 

It is impossible to consider tho future of tho 
British export market without having regard 
to these vitally important considerations. In 
view of tho unique character of our commerce, 
there is a strong ease for tho establishment of a 
National Power (Commission, charged with tho 
survey and conservation of our power resources. 
As things are, tho most important British 
material asset is entirely neglected by the i)Owcrs 
of (government, save in respect of certain laws 
made for the regulation of mining work. 

The Power Race in the Twentieth Cen- 
tury. If reference is again made to tho table on 
page 866, exhibiting tho progress of British exports, 
it will be seen that in recent years there has been 
a further advance on a largo scale. Sinco 1900 
tho increase has been remarkable, and it is worth 
special attention. It is a most encouraging 
increase, because it has been made, unlike that 
of tho ’sixties, in a world in which, os we have 
seen, other countries have greatly developed. 
J^et us consider this a little further. Hero is tho 
advance made in exports by tho leading nations 
in the twentieth century, for tho latest yaor for 
which the figures aro available. 


EXPORTS OF THF LEAJ)1X0 COMMKHCIAL 
NATIONS IN J900 AND 1012 COMPARED 


Country 

1900 

1912 

Increase in 
12 Years. 

XTnitod Kingdom 
German Empire . . 
United States 

France 

Jlcigbiin . . . . 

Austria-Hungary 
Italy 

£ 

291.000. 000 

227.000. 000 
2H6, 000,000 

164.000. 000 

77.000. 000 

81.000. 000 

64.000. 000 

76.000. 000 

22.000. 000 

£ 

487.000. 000, 

437.000. 000 

452.000. 000 

265.000. 000 

156.000. 000 

111.000. 000 

96.000. 000 
161,000,000 

64.000. 000 

£ 

196.000. 000 

210.000. 000 
166,000,000 
101,000,000 

79,000,000 

30.000. 000 

42.000. 000 

75.000. 000 

32.000. 000 

Russia 

Ja])an 



Years ended on December Slat. The United States* 
figures arc tor years ending on Jan SOtti. 
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These records show that there has been a 
wonderful expansion of trade by all (Countries 
in these later years. It is not the ease, as in the 
early days of British cornmcTce, of one nation 
being first and the rest nowhere*. A nioiuent's 
consideration will show that that is so much 
the better for us. We see that, whereas in tlu^ 
old days our expansion was loured while other 
nations were incapable of eoin])eting, our trade 
(expansion of the twentieth century has been 


can be little doubt that the present production 
of TiiJitcrial couimodities in the world as a whole, 
and of trade bas(*d U])ou that produc^tJon, will in 
the near, future reach diitiensions very nuieh 
greater than those exhibited in the world 
statistics of today. Mankind is obtaining a 
sur(‘r gras]) upon the world and its resource's. 
Transactions are taking place upon a larg(*r 
scale than ever before. We learn to talk in 
niillions, where not long ago we thought it great 



THK EFFECT OF THE PANAMA CANAL ON THE TRADE ROUTES OF AMERICA, SIIOWIN(3 HOW IT 
SHORTENS THE DISTANCE BETWEEN NEW YORK AND THE FAR EAST 


secured in spite of the existence of several 
very strong competitors. 

Tlius wo see commerce not as a thing of 
narrow limitations, and not as a matter in which 
the gain of one nation means necessarily the 
loss of another. We get a view of it rather as a 
thing capable of indefinite expansion, and it is 
urged hero that that is a view which is as tnie as it 
is hopeful for the future of British exports. There 


to talk in thousands. Capital is employed on 
an un])reced(*nted scale, and a new racn* of 
organising men has sprung up, who are learning 
tn survey the civtiro world in eonnection with 
their operations. Industries are becoming w orld - 
wide in tluar scope. Caj)tains of industry are 
iM^ginning to employ science at every step in 
their operations. All this must lead to an 
enlargement of the scale of trade. 
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The Trade Calls of a Higher Life. In 

addition, there is the hopeful fact that through- 
out the world the masses of mankind are begin- 
ning seriously to seek for a higher standard of 
life, which means the employment of an 
enormously greater volume of material commo- 
dities. If wo imagine only a tithe of the desires 
of men translated into an actual call for 
goods, wo see what great room there is for the 
expaiusou of trade. 

Effort Must Replace Privilege. There- 
fore, in spite of the progress of other natioas, 
the United Kingdom may legitimately hope 
not only to maintain but to incnuiso its business, 
given enterprise and efliciency on the part of its 
people. Without these qualities, of course, 
nothing can avail, for the world as a whole is 
growing ever more efficient, and the days are 
disapp(*aring when rough work and rule-of-thumb 
methods can avail. We have spoken of natural 
resources, but wo do well to remember that 
the greatest resource of all is tlio people them- 
selves. If the United Kingdom stood alone in 
the world, it would bo obviously our duty to 
make the most of our human material ; but, as 
wo have ^cen, wo are no longer in tho position 
of peculiar and solitary advantage which wo 
occupied fifty years ago. In point of natural 
resources, some other nations are better advan- 
taged than we are. It. is, therefore, doubly 
incumbent upon us to keep abreast of a 
strenuous age, in which it is ever increasingly 
true that tho battle goes to tho strong. 

The Panama Canal as a Handicap. Wo 

shall have to re(d<on frqm time to time with 
changes of such a character as arc illustrated 
by the Suez and Panama Canals. Tho cutting 
of tho Suez Canal in 1869 gave to Europe, ami 
particularly to ourselves, tho chief maritime 
nation, very great advantages. The completion 
of the Panama Canal in 1915 will set up new 
currents of trade, and alter the world’s trade 
routes to our disadvantage by giving a greater 
relative gain to America. As wo already have 
the advantage of the Suez Canal route, giving 
us easy access to the Far East, tho new Panama 
route does not matter much to us. Tho American 
j)osition is very different. Tho voyage from New 
York fo Japan via the new canal means a saving 
of 3700 miles. Tho voyage from New York 
to Sydney, which is now eastward round the 
Capo of Good Hope, 14,000 miles, will in future 
bo westward, and shortened by 4000 miles. 
Tho cutting of tho Panama Canal gives to 
American Atlantic ports a great gain in tnulo 
with the Orient? and with Australasia, in which 
tho United Kingdom does not share, although, of 
course, it is shared by our possessions in America. 

Trade Gains in South America. It 

will also bo seen that the trade of the United 
States with tho important and growing markets 
of South America will very greatly gain. The 
voyage from New York to Pacifio Coast ports 
south of Panama will bo shortened by from 
1000 to over 8000 miles. Similarly, Pacifio 
ports of the United States will gain in relation to 
Atlantic South American ports. 
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Take another illustration, that of the relations 
of Liverpool and New York with San Francisco. 
Before tho oiicning of tho Panama (^anal, the 
voyage in each case is round Cape Horn, so that 
for practical purposes Liverpool is almost as near 
to San Francisco as is New York. As soon as 
Panama is open Now York is brought nearly 
3000 miles near# San Francisco, with con- 
sequent relative gain to New York and relative 
loss to Liverpool. 

American Gain by T ariff F reedom. In 

this connection wo have to consider the relaxa- 
tion of the American tariff in 1913, which will 
make it easier for tho United States to trade with 
other countries, and to build up big exports. 
There is good reason to believe that, between the 
opening of the Panama t'anal and the establish- 
ment of a wiser tariff jjoliey, tho United States 
will make great strides in commerce in the very 
near future. As we have indicated, that advance 
need not necessarily bo at our expense; but in 
view of tho fact that ours is tho greatest com- 
merces in the world, wo obviously stand to lose 
most if our additional ellorts are not commen- 
surate with tho new disadvantages imposed 
upon us by forces l)eyond our control. 

Surveying tho world as a whole, we see what 
enormous room there is for trade expansion. 
In dealing with th(^ future of tho British home 
market, wo made it ]>laiu that in one of the 
richest countries of the world there is as yet 
but a very small demand for miscellaneous 
goods by tho mass of the i^eople. If that is true 
of tho IJnited Kingdom, how much more is it 
true of the other countries of Europe ? And if 
European countries have a great and as yet un- 
satisfied need for goods, what are the oppor- 
tunities offered by the hundreds of millions of 
Asia and Africa and America ? 

Tho great problem of tho future, it is clear, 
is the i)roblem of translating into actual and 
effective demand the growing need of the world's 
masses for goods. It is a problem which presents 
considerable difficulties, but it will undoubedly 
be solved, and solved greatly to the profit of 
tho nation which has the energy and enterprise 
not only to create the demand in its own ar6a, 
but to secure tho custom of this enormous 
foreign market. 

An Ever-widening World Market. It 

is difficult to realise, but it is true, that by far 
the greater part of tho people of the wfljcld as 
yet make no call worth mentioning upon the 
products of modern industry. Tho time will 
surely come, however, when that call will arise. 
Those wlio are responsible for British export 
trade, therefore, may look with confidence to an 
ever-widening world-market. It is true on the 
one hand that Britain is no longer tho only 
great workshop of the world, and that compe- 
tition is ever becoming fiercer. On the other 
hand, as wo have shown clearly by reference 
to what has actually happened in the twentieth 
century, there is still more than room for us in 
export markets, and opportunities in foreign 
commerce were never greater than they are 
at tho present day. L. G. CHIQZZA MONEY 
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Fluid Pressure. The Laws of Fluids. The Barometer. The 
Syphon. The Pump. The Hydraulic Press. Fluids in Motion. 

THE PHYSICS OF FLUIDS 


I N the language of iihysicplf it imisi bo 
nicmbored that both litiuids and gases, because 
they flow, arc included under tlie terni of 
fluids. The most important instance of fluid - 
pressure — the most im])ortant fact about fluids 
— is the atjuos])herie pressure. Everyone has 
heard tlie phrase, “ natiin^ abhors a vacinnn," lait 
the iihrase is far too metapliorical to lead to the 
truth, and it was not until the time of (bdileo 
that the explanation of the fact Avas discovered. 

Fluid Pressure. The credit for the fli.'^- 
eovery lies with hi'^ famou.s pupil Torricelli. 
It Mas found that wafer Avould rise about ‘U) ft. 
in a pump, but no pump could drau’ water from 
a depth of W ft. Now, mercury is many tinu‘s 
heavier than water, and Torricelli snp[)Osed tliat 
in all probability mercury would rise in a similar 
way to water, but to a much less lu'iglit in 
])roporfion to its greater Aveigbt ; and b(‘ was 
right. If we fake a long glass tube elo.sed at one 
end, fill it with mercu^^^ and tlien turn it upside 
down in a vess(‘] eonfa-ining merenry, we find that 
all the jiK'rciny doi's not rini out of ih(‘ fidx*; 
on the contrary, the merenry sinks in the tube 
only to such an extent (hat there remains in th(» 
tube a column of m<‘reury which is at a b(‘igbt 
of nhont thirty inclu's above the level of the 
mi'icury in the vessel. 

This is the famous 'rorrieellian ex()eiiment, 
Avhieh demonstrates the fact that tlie atmo- 
sphere has a pressure ; for the only pos.'^iblo 
diftVrenei^ l)(‘tw(*en tlu^ long column of mercury 
in the tube and the mercury in the vessel is tliat 
the one> is exposed to the atmosphere and tlie 
other is not. The column of merenry in the tube 
is supported by the [iressure of the atmosphere on 
the mercury outside it. Th.e space in the fub(‘ 
above the level of llu' nu‘reury is as nearly a 
perfect vacuum as can be obtained — that is to 
say, it contains scarcely any air at all. It is 
known as a. Torricellian vacuum, (hily a hwv 
years after the first cxjieriment. of Torricc'Ili, 
Eerier, the brother-iri-laAv of the eelchrati'd writer 
Blaise Pascal, made the experiment of carrying 
one of Torricelli’s tubes to the top of Puy do 
Dome, and found that at the toj) the level of the 
mercury was considerably loAvcr. Ife further 
found that as he came down the level of the 
mercury rose, and thus it was jilainly show n that 
the atmosphere possesses a pressure and that 
this pressure lessens as we ascend in it. 

The Barometer. (Greek baros, weight, 
and matron,, measure.) The reader will have 
already seen that the Torricellian tube is a 
barometi‘r — that is to say, an instrument for- 
measuring the pressure of the atmosphere. 
That, of course, is all that a barometer does ; it 
tells us nothing about the weather directly, but 
is of use in this connection merely because the 


state of the atmospberie pros.suro at any given 
time is by far Ihe most ini])ortant factor in (ho 
de((*rminat ion of the weather. 

'rorrieelli's tube, however, is a very ineon- 
venient baromi'tru’, and it is more convenient 
to have a E-shnjied tube, constituting what is 
called a syphon barometer. This, again, may 
he easily modified so as to give ns Avhat we call 
a weather-glass. If we place an iron hall so as 
to lloat upon the merenry at the open end of lh(‘. 
tube, and attach a .‘string to the liall. and a weight 
to the end of the string by way of balancing the 
ball, we can eonveniiaitly pass the string over a 
wheel, and to the wheel we can attach a pointer ; 
this ])ointer can then be marie to indiraU* such 
Icgraids as “ sf t fair or “ changeable," printed 
on a circular card. 'Fhe princi])le of Torricelli 
may be employial in a nunib(‘r of different forms, 
such as tlu' Kew barometer, tlu* marine baro- 
meter, and others wliich do not conceffi ns hero. 
But we may also measure th(‘ fluid pressure of 
the atmosphere by means of another instrument 
which is much less fragile*, because it contains no 
mercury or gla.ss. 

Aneroid Barometer. Tlu^ aneroid 
baronuder — literally moaning a baromef(*r that 
contains no liipiid — is simply a round, flat m(‘lal 
box emptied of air, and having a spring attached 
to it. 'I’he \arving pressure of the atmospliere 
causes tlie to]) and the bottom of thi^ box to 
approximati^ to one anotb(‘r in varying d(*gre(‘s, 
which ar<‘ r(*cordcd by tlie spring, and this spring 
moves a pointer by means of a lever. 1'he 
aneroid is (julte a eonvenient little instrument, 
but it has, of course, comparatively small pn*- 
tensioiis to aeeuraey. 

When accuracy is wanted it is necessary to 
eon-eet tlw^ readings of (‘ven the mercury 
haroineti*!- in various ways ; of thes(5 the most 
important is the correction for temperatun*, so 
that a lirst -class barometer always has a tlier- 
mometer with it. It is hardly necessary ,to say 
that the merenry expands as the tcmiierature 
rises, and unless this were allowed for, we should 
get the impression that the atmostiheric pressure 
Avas higher than Avas actually the case. 

The most* important points in the const met ion 
of a barometer are to make certain that the 
mereury is purc! and absohiteli^ clean, and to 
boil it. By this last ])reeaution Ave expel all 
air and inoislnre wliieh Avould otherwise tend 
to aeeiiimdate in the Torricellian vaeiiiim, and 
AAOuld thus make the reading unduly Ioav. 

The English “ Standard Atmosphere.” 
The atmospheric pn*s.sure is a direct result of 
the earth’s graviratiori, and is simply an ex- 
pression of (he fact tliat the air has weight, 
and thus exercises a pressure on anything that 
may be immersed in it. 'I’he English “ Standard 


SOURCES AND USES OF POWER, PRIME MOVERS, POWER IN THE FUTURE 

871 



GROUP 13-~PHY8ICS 


Atmosphere ” — the uord atmosphere or some- 
times atmo,” is now used in this fashion— is 
taken as equivalent to the weight of a column of 
]>uro mercury 30 in. high, or about 14*7 lb. to 
the square inch. This is taken at Greenwich ; 
the French take their standard at Paris. Owing 
to the fact that the carlh is not a true sphere, 
and thus the various points on the surface of 
the earth are not all at the same distance from 
the earth’s centre, it is necessary, when exactness 
is required, to stafo the latitude where the 
reading of the barometer has been taken. 

Effects of Atmospheric Pressure. 
Every square inch of our bodies is thus con- 
stantly exposed to a pressure of more than 
14 J lb., though we are entirely unaware of it, 
and feel no discomfort. This is essentially due 
to the fact that the pressure is the same in all 
directions. It weighs down upon our heads, 
but it also supports us on all sides. This fact, 
that the pressure of a fluid is the same in all 
direclionst is not only of cardinal practical 
importance to all, but is also of great interest 
to the student of physics. A very simple 
experiment will demonstrate the fact of atnio- 
spherio piessure upon ourselves. 

There is an operation known as “dry cupping,” 
which consists in removing part of the air from 
a test tube or from a tumbler, tis, for instaneci, by 
burning something in it, and then suddenly 
clapping it down upon a portion of the skin. 
In a very short time, as 
the hot air inside the 
vessel cools and con- 
tracts, and thus causes a 
loA^ering of the atmo- 
spheric pressii re upon that 
area of the skin as com- 
pared with the area that is 
nobcovered by the vessel, 
the covered part begins 
to swell and rise up into 
the vessel ; this is simply 
due to the fact that the 
fluids under the skin an* 
forced by the relatively 
high pressure exercised 
upon all the other parts 
of thd body toward the 
area which has been r(»- 
lieved of part of its at- 
mospheric pressure. 

Atmospheric Pres» 
sure and Breathing. 

The atmospheric pressure 
is also of caitlinal im- 
portance to us in that it 
is a necessary condition 
of ability to breathe. Our 
lungs have no power 
of deliberately helping 

themselves to the air that ^ 

we need. The requisite tokrickllTs famous 
air passes from the aimo- experiment 
sphere into our blood 

mainly owing to the fact that the gaseous pressure 
in our blood— the atmospheric pressure, if you 
like— is much low^er than the gaseous or atmor 

872 



spheric pressure outside it. But, as readers of 
the course on Chemistry have already learned, 
the atmosphere ccasists of a number of gases, 
and each of these exercises 
its own partial pressure in 
proportion to the quantity 
of it that is contained in 
the atmosphere. Thus, 
while the partial pressure 
of the oxygen in the at- 
mosphere is higher than 
that of the oxygen in our 
blood, and so causes the 
oxygen in the air to pass 
into the blood, the partial 
pressure of the carbonic 
acid in the atmosphere, 
on the other hand, is less 
lhan that of the carbonic 
acid in the blood, and 
thus the carbonic acid 
passes from the blood out- 
uard to the atmosphere. 

The Syphon. If we 
take a U-shaped tube and 
fill it with water, and 
tlien immerse one end of 
it ill a vessel of water, 
having the other end of 
it below the level of the 
water in the vessel, the 
w atcr will be drawn from 
the vessel and runs out of the lower end. This 
simple apparatus is called the syphon. The ex- 
planation of this action is very simple. The water 
in the second half of the tube, which is turned 
downward, naturally tends to run out ; but if the 
water which is at the bond of the tube did not 
follow there would bo a vacuum formed there, 
and so the atmospheric pressure forces the 
water in the vessel up the first part of the tube. 
If, however, the height of the bend were greater 
than the distance to which the atmospheric 
pressure can force a column of water, the syphon 
w'ould not work. That distance, as w'e saw at 
the beginning of this chapter, is about 30 ft. 
This can bo proved if, instead of water, we 
employ mercury in the syphon, and then put 
it under an air pump. When the air is pumped 
out and the pressure thus reduced, the mercury 
ceases to flow through the syphon. 

The student of practical chemistry is familiar 
with a little glass tube, sometimes gratfuated, 
which is called a pipette. The straw through 
which one sucks lemonade is really a pipette. 
When by sucking one end of the tube we remove 
the atmospheric pressure upon that end, and 
allow it to act exclusively upon the lower end, 
it forces the liquid up into the tube. If, then, 
we put a finger upon the top of the tube or close 
the top of the straw with the tongue, w^e are able 
to hold the liquid in the tube, just as the mercury 
is held in a barometer. The principle of the 
little syringe with which we prepare to fill'a 
fountain pen, or of the superior syringe which 
has a piston, is exactly the same. Remember 
that the atmospheric pressure has a limit, or, 
as someone has remarked, by way of ridiculing 
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the old-fashioned way of talking, “ there is a 
limit to nature’s abhorrence of a vacuum.” 
Wo could not draw up forty feet of water 
in a syringe. 

The Pump. The pump is really a special 
kind of syringe. As far as its principle Ls* con- 
cerned, it is nothing more. We rofjuire only 
some mechanical arrangement so that the water 
which is raised by the atmospheric prcs.su re, 
when the piston ascends, shall be discharged at 
the point required when the piston descends. 
For this purpose ve must have a couple of 
valves both oi)ening upward, one in the piston, 
and the other at the bottom of the cylinder 
which contains the water ; and thus when the 
piston goes down, the water pa.sscs through the 
valve in the piston and e.scapos by tlie spout. 
The force pump approximates more closely to 
the syringe, for in this case the plunger is .solid 
and the only ditTorcnce between the two is that, 
whereas the fluid escapes from the syringe by 



(1) Fluid-pressure is always exerted at right 
angles to any surface which is exposed to it. 

(2) At any point in a motionless ' fluid the 
fluid-pressure acts with the same intensity in 
every direction. 

(3) The weight of the fluid being neglected, 
the fluid-pressure is the same at all points in a 
fluid mass. 

The First Law of Hydrostatics. The 

first of these laws depends really upon our 
definition of a perfect fluid. By a perfect fluid 
Avo mean one which is perfectly mobile — that is 
to say, one which is incapable of exercising any 
oblique pressure upon a surface. Such oblique 
pressure would bo duo to the action of friction, 
and if the fluid be ])erfectly mobile there can bo 
no friction to act. 

Another way of putting this is that a perfeert 
fluid offers no resistance to sheariruj stresft. It 
must bo remembered, however, that we cannot 
experiment with perfect fluids in practice. The 
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the same opening as that by which it entered, 
the force ])um[) has a valvx at the bottom of the 
cylinder o| oning upward and an escape pipe at 
the same level. 

An interesting instance of the combination 
of the tAvo methods is furnished by the breathing 
arrangement of the frog, Avliich consists of a 
combination of a suction pump and a force 
pump. The first f)art of the act of breathing 
consists in sucking air into the mouth, for Avliich 
purpo.se the floor of the mouth drops, as every- 
one who has observed a frog must liave noticed, 
and thereafter the floor of the mouth is rai.sed 
and the air is forced into the animal’s lungs. 

The Laws of Fluids. In discussing the 
physics of fluids wo first of all took up the laws 
of fluid-pressure by Avay of an introduction to 
the subject, as they yield us many interesting 
facts of practical riionicnt. But now we must 
go more into the details of the laws which govern 
the behaviour of fluids, taking first of all the 
laAvs of fluids at rest. The technical name for 
this branch of physics is Hydrostatics ; the first 
part of this word is derived from hudor, the Greek 
word for water. The following are the three 
great laws of hydrostatics. 

2 L Da; 


fluids wo know arc not ])orfect in this souse ; 
they have a certain amount of viscosify- or 
“ oilincs.s,” to use a i)opular cxprc.ssion — and 
thus offer a considerable rcsistam^o to objects 
passing through them — a rosi.stance Avhich is 
more than the result of fluid-pressure as su(di, 
but partakes of the nature of friction. The 
resistance of the air has already been» spoken 
of in dealing Avith the fir.st laAV of motion ; such 
resistance is not the result of fluid- pressure at 
all, but of the fact that the air is not a perfecjt 
fluid in the scn.se wo have defined. Still le.ss i.s 
Avater a ])orfect fluid, though the amount of 
resistance Avhich it ofTens to the surfaces of a 
knife pas.sed through it edge fd^emost is certainly 
very slight ; but if we are to rccoch the tnic law.s 
of fluids Ave must exclude the action of friction, 
and so Ave must conceive of a perfect fluid which 
offers no resistance to any body, save the 
resistance A\hich is exerted strictly at right 
angles to the surface of that body, and Avhich 
is a result, not of its physical condition, but of 
fluid-pressure. 

The Second Law of Hydrostatics, 

The law of the equality of fluid-pressure in 
all directions Avas discovered by the French 
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philosopher Blaise Pascal, and is sometimes known 
as Pascal’s principle. Jt may he reached in two 
ways — a very conclusive proof of its truth. It 
may be reached by purely mathematical means 
which are able to demonstrate that, given the 
definition of a ])crfcct fluid, the ])ressurp at any 
point within it must be the same in all direction.s. 
But it. can also be demonstrated by means of 
experiment. In the language of logic, we say 
that the first mode of proof is a priori or de- 
ductive, whilst the second is a posteriori or 
inductive. We can be absolutely content wdth 
our proof of any statement in natural science 
only wdien we find that both these methods 
agree in demonstrating it. 

Perhaps the simplest of the many cxfK'riments 
which may be made in order to ])rove the truth 
of Pastial’s prineiple is that of corking an empty 
bottle and weighting it so that it sinks into deej) 
water; it will then be found that the fluid- 
pressure forces the cork into the bottle and that 
this occurs in exactly the same way whether the 
bottle be u[)right or turiicd 
upside down or at whatever 
angle it bo placed. 

Plainly, this law im])li(‘S 
that a tluiii exc'rts an upward 
pressure as well as a down- 
ward one, but it is as much 
a mistake to think that a 
fluid ha.s a definite tendency 
to force things uj)ward as to 
force them downward. Its 
()ressure is absolutely impar- 
tial ; this is the cardinal dif- 
ference between fluid-pressure 
and the pressure exerted by one .solid body on 
another. This last is exerted in one definite 
(lireotion only. 

The Hydrostatic Paradox. Now, it 
follows from the abov'e laws that a very small 
amount of fluid can be made to .support an in- 
deti nit ely great weight in virtue of the fact that 
the pressure exerted by the small amount of ^vafer 
can giv<‘ ri.se to a great force if it be ap}>lied to 
a wide surface. The pre.s.sure excited by a small 
amount of water communicating with a re.servoir 
of water is transmitted through it, and is felt 
and is ^‘xerted at every ])oint on the surfm;e of 
that reservoir. This may be technically plira.sed 
thus: if we till with fluid a closed vessel with 
plane surfaces —plane m(‘aning flat, of course — 
and then exert a small amount of force on a 
small surface of the liquid— say, a square inch 
— an equal force is exerted on every square 
inch of the Hat surfaces in (piestion, and thus 
the force is multiplied. 

Hence the force exerted by a small amount of 
water may be able to support a weight indefinitely 
g^’cat. The term paradox has been applied to 
this fact because it seems at first sight impossible 
that power can thus be multiplied. The truth 
is that power is not inultipliedt No mechanical 
or other arrangenumt can multiply or destroy 
power. What some arrangements can and do 
constantly multiply is not power or energy, but 
force — a word which is technically used in 
physics to mean one thing and one only—namely, 
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the ability to do work. Thus the hydrostatic 
paradox so called is really no more a paradox 
than the action of a lover, a pulley, or other 
mechanical arrangement for multiplying force. 

The Hydraulic Press. This is often called 
the Bramah I^ress, after the man who effected an 
imjiortant improvement in it. It consists es- 
sentially of a strong piston working up and down 
in a strong cylinder. Into the cylinder there 
leads an inlet from an ordinary force pump ; the 
pi.ston of this force pump is <piite small and can 
easil37 be worked by a man, but the force he 
e.xerts is greafly multiplied in pro])ortion to 
the ratio between the size of the pi.ston which 
he i.s working and that of the large piston of the 
Bramah Press. The work done on tlic ])ump 
by tlie man is precisely equal to the work done 
by the press; there is no multiplication of ])ower. 

In order that there should bo a real miilti- 
pliruition of power — such as we have said i.s 
impossible — tb(^ spe(*d of the large piston of 
the prc.ss would have to be the same as the speed 
of the small piston of the 
force pumj) which the man is 
working. There would tlien 
indeed be a creation of power, 
but this is not so. I’lie juston 
.•^peed of the pum}) has to the 
piston speed of tlie ]>re.ss ex- 
actly the ratio that the area 
of the press ha,s to the area 
of tlie pump. In other words, 
.■suppose the piston of the press 
to be 2t) times ns large in 
area as the piston of the piinq), 
it will then move at only one- 
twentieth of the spi’cd. The mciehanieai ad- 
vantage of the machine is that speed is not 
what is wanted in the jinvss ; the s])ee(l which in 
the pump is the (breed result of t he man’.s work 
i.s translated into force in (he jircss. 

The Two Kinds of Fluids. So far wo . 
have been abletos])eak of tluids in general without 
distinguishing h(‘1ween them, and wc have been 
able to state laws w hieh arc true of all fluids. But 
the reatler may have already been some’what 
astonished nt the inclusion under one term of 
two things so v(tv different as water and air, 
and it is now time' to distinguish between the pro- 
])erties of two fluids .so very different as wafer 
and air. The two kinds of fluids are livpiids and 
gas(^s. So far as the laws of hydrostatics are 
concerned, there i.s no distinction betw'oen them. 

Compressibility of Fluids. It usentto be 
stated that the e,sscntial difference between a 
liquid and a gas is that the first is incompres- 
sible, while the .second is compressible. A gas 
can be squeezed into a small compass, and when 
the pressure is relax(^d it expands again. It is 
readily compressible. But if we put some water 
into a syringe and attempt to squeeze it into 
a smaller space we find that it is apparently 
iiieorjipressi ble. There is thus a very great disl inc- 
tion. It is now’ a long time since the incom- 
pressibility of liquids was demonstrated. Bacon, 
for instance, filled a leaden shell with water, 
and then hammered and squeezed it in the hope 
that he would be able to compress the water, 





but instead it oozed through the lead. Similar 
experiments were made long ago in Florence, 
globes of silver and of thickly gilded silver being 
employed, but alwaj^s the water oozed through 
rather than suffer compression. 

As to the distinction between liquids and 
gases, it is necessary to state that litpiids are, 
after all, compressible, though almost infinitely 
less so than gases. The compression of water is 
only perceptible under exceedingly high pressures. 
The compression of liquids at high pressure was 
the substance of a paper read by the Hon. 
C. A. Parsons and Mr. S. S. Cook before the 
Royal Society in May 1911, when it was stated 
that under a pressure of 4550 atmospheres water 
was compressed to 87 per cent. 

Boyle’s Law. We now come to a very 
celebrated law which was discovered by the 
Hon. Robert Boyle in the seventeenth century, 
and is now known by his name, dealing with the 
pressure of a gas. Boyle proved in his ex- 
periments “ touching the spring of the air,” 
that the volume of a given mass of gas depends 
on its pressure. Boyle’s law may be stat(‘d in 
.several forms. Perhaps the following is the 
simplest : If the temperature be con.stant the 
volume of a gas varies inversely as its pres.sure. 
This filed- may bo expre.s.sed in another w'ay. 
For a given (jiiantity of gas the product of the 
])res.surc and the volunm is constant. The most 
popular statement of the law would run some- 
thing like thi.s : If we take a given (|uantity 
by weight of any gas we find tluit the greater 
the space it occupi(‘.s fhe less is the pres.surc it 
exerts, and vice verm. This exceedingly si mple la w 
may be taken as true for all ])ractioal purposes. 

A cardinal difference between liquids and 
gases is tliat the latter alone always conqdetely 
till aii}^ space that may contain them. This fac^t, 
of course, is naturally fis.sociated vith Boylo’.s 
law. Upon it depends the principle of the air 
pump. For if we connect an empty ve.s.sel 
with a vessel containing air, the air will at once 
till both of them, and thus by a simple mcchaiii- 
eal contrivance it is possible to reduce the 
amount of air in the vessel to an indefinite degree. 

But by means of the air pump wo can never 
hope to extract all the air from a vessel. 
Every time the pump i.s worked wo can extract 
perhaps half the remaining air, but if we follow 
this out it will be seen that such a process will 
never result in completely emptying the vessel. 
Hence it is clear that a perfect vacuum can 
never be thus obtained ; but a vacuum which is 
almost perfect can be obtained by the simplest 
means, and this is the Torricellian vacuum. 

Behaviour of Gasea and Liquids. In 
contradistinction to the behaviour of a gas 
which always fills any space in which it is con- 
tained, and which thus enables us to make 
air pumps, is the behaviour of a Ui^uid. which 
always has a free surface. Such a surf^e is 
horizontal or level— at any rate, we de.scribe it 
as such, and such it is for practical purposes ; 
but, as a matter of fact, the surface of a liquid, 
even water in a tumbler, is not horizontal or 
level, but is curved, having a convexity which 
corresponds to, and is indeccl part of, the general 
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convexity of the earth. Every part of the 
surface of a liquid is at the same distance from 
the earth’s centre, and thus the surface cannot 
be absolutely level, though it is practically so. 
If we place in a vessel two liquids which cannot 
mix, such as oil and water, wo find that the 
surfjice between the two is practically horizontal. 

Physics of Fluids in Motion. As Iho 
reader would expect, this part of our subj(‘ct 
i.s known as Hydrokinctics ; it is one of the 
most recondite parts of [)hysics, and it is largely 
in order to simplify, as far as ])Ossible, the study 
of it that physieist.s liave invented the con- 
ception of a jwrfoct fluid, beeauso when friction 
and viscosity are taken into account in I he 
study of fluid motion, the whole subject becomes 
practically too diflicult for prosciculion ; even 
the motion of perfc^ct fluids is to bo investigated 
only with very great difticiilty. Perhaps t.h(5 
most important pro])osition in hydrokinetics is 
that arrived at by Torricelli, (Galileo’s fanioiLs 
pupil. It deals with the speed at which water 
flows out of an opening in a vessel. The student 
will bo prcpnrecl to l)elievo that the rale at 
which the fluid, say water, flows out will th'pend 
upon its pres.siire, and its ])ressure will plainly 
depend upon its weight. We caj) measure 
the speed at uliieh uater will fall freckly from a 
height, and Torricelli showed that the s[)e(;(l 
with which the water will issim from the opcuung 
corresponds lo a fall from the height of the 
surface of the water above the opening through 
which it i.ssuc.s. But complications ari.so. 1’he 
jwtual .speed at which the W'a((*r emerg(‘s varies 
very greatly with tlio shaixi of the opening. 

Limit of Speed Through Water. The 
last point to whiidi wo need refer is one to 
w'hich allusion has already been made ; it 
eoneerns the limits of attainable speed through 
w'at(*r. The task which has to bo performed 
by the engines of a shin is to overeomo the 
re.sivtanee of tho water~-moro accurately, wo 
should say, by tho engine's of an already moving 
shi]). Once the ship is in motion, as w'(5 have 
.seen in our study of Newton’s tir.st law', it will 
continue to move for ever but for I bo external 
resistance, and it is that resistance that the 
engine.^ have to overcome. 

It might be thought that if engine.s of 1000 
hor,se- power can develop a spi'(*-(l of, say, » knot.s 
an hour, it- will only bo necessary in order to 
develop double that speed merely to doubk; 
tho horse-power ; but this is very far from 
being the case. In tho first placai, the resi.staneo 
of the Wiiter to the ve.ssel increases, not t h(^ 
s^jccxl increa.ses, but as the s(|uare of tho speed — 
that is to say, if we doubW the speed, wo 
quadruple the resistance. Fiirther, it is c)bvious 
that the distance through W'hich the re.si.staiiee 
is overcome in a given time varies according to 
tho speed. Hence, it follow's that the horse- 
pow’cr necessary for any vessel must vary 
according to the cube of the si)eed desired. In 
other words, if \vo wish to double tho speed 
of the vessel, we roc^uire, not twice but eight 
times the horse-power that we had before, 
eieht being the cube of tw'o. 

^ ^ C. W. SALEEBY 
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The Work of the Excavator. Soils and their Rearinil Power. 

Natural and Artificial Foundations. Piling and Underpinning. 

LAYING THE FOUNDATIONS 


Top Soil and General Levelling. In 

(‘xciivating a site it is usual lirst to rtunovc 
any turf, setting it aside for relaying or sale. 
Turfs are usually three feet long, one foot wide, 
and are rolled, (travel paths, flags, etc., may 
sometimes Ixi similarly taken up and set aside. 
It is usual also to take up and s(‘t aside the top 
layer of earth if suitable for gard(‘n purposes. 
After this has been done the site must be levelled 
to the de[)ths shown in the drawings. 


which it is thrown out, increasing the labour and 
the cost. An extra stage is required for every 
extra six feet in dej)th. In a ten-hours’ day a 
good excavator can dig and throw into barrows 
eight to ten cubic yards of common ground, five 
to six cubic; yards of stiff clay or firm graved, 
and if hard ground, where the; piedv is us(;d, thrc'o 
to five (;ubic yards. For deep drains tunnelling 
may have to be undertaken. Tliis is done by 
sinking pits at convcuiient intervals and excavat- 


In some cases a uni- 
form level is required 
throughout. In other 
eases the level varies in 
different parts of the site. 
Hollows may require fill- 
ing up, and in such cases 
the best of the; material 
is selecteik for this pur- 
pose. The spoil, when 
excavated, increases con- 
siderably in bulk. In- 
crease varies with dif- 
ferent soils, but does not 
often exe(‘ed 20 per cent. 
Such material, if filled in 
again, gradually consoli- 
dates and contracts. To 
assist the ])rocess it is 
usual to water it liberally, 
and ram it. The settle- 
ment due to consolida- 
tion is usually not less 
t han one inch in one foot, 
and may exceed this 
])roporlion considerably. 
Any material useful for 
building purposes — e.r/, 
good gravel or sand free 
from loam or clay — may 
be put aside and used 
for Ifuilding by ar- 
rangement wTtli the 
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ing short tunnels from 
one to the other. The 
width is determined by 
the nature of the work 
reqiiir(;d. The height 
tuusf he sufficient for a 
m in t o work in, and the 
sides are usually made 
to slope in towards the 
toj) of the tunnel. 

In moist and wet soils 
water is liable to soak 
into excavations, espe- 
cially in wet Yveather. 
All water must l)e got 
rid of by baling if the 
((uantity is small, or by 
]>um])ing if it is large. 
It should bo constantly 
kept under, as it softens 
and deteriorates tin? 
surface of the trenfdi. 

Bearing Power of 
Soils. Tr(;nc;hes that 
have reached the de]>ths 
shown upon the draw- 
ings should have the 
bottoms carefully tested 
to see that the stratum 
of soil is of a character 
suited to carry the load 
to be placed on it. In 
ordinary cases this may 


owner. be done by driving in a 

Trenches. When the general levels liavo crowbar to test the solidity of tho ground, 
been reached, any additional excavation for and on sites previously occupied an ex^ina- 

cellars, vaults, basements, etc., are made as well tion must bo made for old and disused drains, 


as trenches to receive tho foundation aii l drains. 
Drain excavatidhs are often deferred until tlie 
car<;ase of the building has been completed. All 
the excavations are sunk to tho depths shown 
in the drawings. The trench required to take 
tho concrete under a ff-inch brick wall is not less 
than 2 ft. 2 in. wide, just sufficient to allow’ a 
man to work in it ; but he cannot throw out the 
spoil from beyond a depth of six feet, and if the 
excavation exceeds this, a stage must bo pro- 
vided on wliich he throws the spoil and from 


wells, and cesspools, Avliieb, if built ov(»r, 
might collapse. vSueh drains or cesspools should 
Ik; cleared aw^ay. Any old foundations should 
1)0 grublxid up and cavities filled with concrete 
if walls or piers are to stand over them. Other- 
wise they should he filled with hard dry brick 
rubbish. Where the bearing capacity of the 
ground requires to be carefully tested, a strong 
platform with legs framed to it at the four corners 
may lie used. If 6 in. by 0 in. legs are used, the 
area of tho four together should equal one foot 
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superficial, and the table can be loaded with any 
convenient heavy material. The ground is care- 
fully levelled and the table placed in position. 

The level of each corner having been taken in 
relation to some fixed datum, the load is applied 
gradually, evenly, and without shock ; tlie levels 
are taken again from time to time, and the load 
is increased until variation is noticed. From 
one-fifth to one-half of the load required to 
produce settlement is taken as the safe load. If 
the load to Ix^ carried exceeds the safe load, a 
stronger stratum must 1x3 sought, or the weight 
per foot reduced by an increase of the area of 
the bearing surface. 


Table op Bearing Power op Soils 


Matbkta:, 

• This table is from a “ Treatise 
on Masonry Construction,*’ 
by Ira 0. Baker 

Bearint; X)ower in 
tons per 8(iuare fix>t. 

Min. 

Mav. 

Ruck, linril ... 

2.") 

ao 

,, soft 

5 

10 

Clay in thick beds always dry 

1 

(5 

Clay in tbick beds moderately dry ... 

2 

4 

Clay, soft 

1 

2 

(iravel and coarse sand well eoinented 

S 

10 

Sand, eoiupaet and well cemented ... 

4 

0 

,, clean and dry 

2 

4 

Qnick.snjid, alliiviai soils 

k 

1 


Small sections of soft ground are somotim(‘S 
found in tvenclics otherwise satisfactory. These 
may often 1x3 dug out to a sound bottom and 
filled with concrete witliout deepening the whole 
trench. On a sloping site it may bo nc'ccssary 
to introduce stops into the trenches, but in all 
eases the bottom of the trcaicli for foundations 
should be kept level ; those; for drains may be 
cx(^avated to conform to the fall in the drain. 

The concrete should be laid in the trench as 
soon as possible after opening to protect the 
foundation from the weath(;r. 

Timbering. Where it is necessary to carry 
excavations perpendicularly or nearly so, as in 
trenches or for cellars, means must bo taken to 
support temporarily the face of the earth which 
is liable to crumble away or bo forced into the 
trench. In some shallow excavations this pre- 
caution is not necessary if the tr(*nch is to be 
open for a short time only, but in loose soils even 
shallow trenches, luxd in all soils deep trenches, 
must be protected. This is done by timbering. 

The nature of the work depends on the 
character of the soil. Good soils are usually 
natural or virgin soils that have not been dis- 
turbed and include dry clay. Moderate soils 
include ground that has been filled in (termed 
made ground), loose gravel, while treacherous 
soils include sand, wet clay, all water-logged 
soils, and even ordinarily good soils if trenches 
are dug near ground which is supporting very 
heavy buildings. 

The materials used for timbering arc poling 
hoards — i.e, short lengths of board usually 9 in. 
by IJ in. and 3 ft. long, but sometimes longer, 
. placed vertically against the sides ; waling pieces^ 
which are horizontal timbers usually 9 in. by 


3 in., placed about the centre of the poling 
boards, and struts to keep the whole in position. 

Methods in Different Soils. In good 
soils continuous timbering may not be required 
if the trench is not very deep or wide. In such 
cases a pair of poling boards arc placed against 
each face of the excavation opposite each other. 
The strut is cut about half an inch or three- 
quarters of an inch longer than the distance 
between the boards inserted between them and 
forced into a horizontal position with the help of 
a heav)' hammer. Pairs of boards thus fixed 
may be placed at intervals of about six feet. If 
placed clost;r they impede the excavator in his 
digging, and if they do not suffice to ke('p the 
sides intact, a different system must bo adopted. 
The poling boards are then placed with only 
short intervals between them, or in some soils 
actually touching. Strong horizontal tiinb(*rs 
termed waling pieces are placed in front of them 
at about the centre of the height and secured 
with struts, as already described. In a long 
trench the waling pieces have to be joined and a 
strut is placed close to the end of each length 14], 
with intermediate ones at intervals of six feet. 
Such timbering is put into position o^d secured 
as soon as the trench is of sufficient depth — 
about three feet — and before any further ground 
is excavated. As the digging proceeds in dec'p 
trenches, similar timbering is plae(‘d Ixdow llu‘ 
first in successive stages as required, eari; lx.‘ing 
taken to keep the struts vertically below tliosi* 
above. 

In some soils the vertical face cannot lx; relieil 
upon to stand safely even while a thr(*e foot tT(’noh 
is b(‘ing dug. In such cases, in placi; of vertical 
poling hoards, liori/.ontal ])lanks (ternuxl sheet- 
ings) arc placed in position as soon as from ninc^ 
inches to twelve inches in depth has been 
excavated and temporarily strutted. Then, 
when another layer is removed, a second board 
is placed below tin; first and strutted, and so on, 
until a depth of about three feet has been reached. 
Vertical walings are then placed in front of the 
boards and secured with struts, the temporary 
ones being afterwards removed. A greater depth 
may thtm be got out and protected in tlio same 
w\ay. The platforms or stages reiphrcd in dcc{) 
trenches for throwing out tlie spoil may Ixvcarried 
on the waling pieces. 

Water»logged Ground, In water-logged 
ground special precautions must be takc;n, and 
heavy and very sound timber used. Lougor 
boards, usually 1 1 in. by 3 in. and up to eight 
feet long, are used in place of poling boards, and 
arc termed runners [5J. The<ft;et an; cut to an 
inclined chisel edge and in strong ground shod 
with iron, as in sheet piling. In fixing after 
ground is excavated as far as is safe, guide; 
runners, about ten feet apart, arc driven in by 
mallets and strong waling pieces fixed and 
strutted. Other runners are inserted and driven 
in until a continut)US wall is formed. Excavation 
then proceeds until within about a foot of the 
bottom of the runners, when they are driven 
further down, additional walings inserted, and 
the struts increased with the depth. 

In a deep trench, if a second set of runners (or 
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more) i^s requirorl, they arc not set iinrler the 
iipj)er ones, but within them, so that the width 
of the troneh is narrowcul, jind allowance for this 
must be made in setting? out the upper trencli. 
The heads of the lower runners must not bo 
driven deeper than about 12 inches above the 
feet of the upper runners. 

Tunnelling. Where tunnelling is employed, 
similar precautions must bo taken. A shaft is 
sunk to the re(juired depth, the tunnel is worked 
in from the face, a beginning is made at 
the he.’id, and as soon as the roof shows any 
signs of insecurity poling boards are driven in 
close against the roof and supported by a cross- 
beam or header^ the ends of which are strutted 
from the floor, the feet of the struts being let 
into it to prevent accidental disturbance. 

Poling boards can be driven in behind the 
struts [6]. Excavation then continues until 
another set of poling boards and frame can be 
inserted. In veiy btul or wet soil a more 
elaborate plan is necessary. The poling boards 
are longer, and directly supported liy scpiared 
timbers arranged as a frame. These in turn are 
supported by horizontal ])icces, which are them- 
selves studied by a very strong frame, often 
ineluding a sill to take the feet of the struts, 
which must be sunk below the floor level. 
Notches are cut in the h(‘ads and sills and the 
st ruts fitted to them, but large spikes are some- 
times used for increased security. 

Large excavations also require to have the 
sides timbered ; the system is generally similar, 
but the walings are usually heavier, and the st i iits 
arc formed of large limbers and are tightened 
with folding wedges [7J. In excavations too 
wide for strutting the walings require to be 
aiif)ported by shores [see snoRiNf?] ])laccd at 
intervals along the sides of the excavation. 

Natural Foundations. The natural soil 
on which a building rests has to bear the 
whole burden of the superstnieture, which must 
be disposed so as not to cjist too heav^y a lojxd 
on any f)art of it. Every Avail is rccjuired by 
the London Building Act and bv most JxK'al 
Acts to have footings [see bricklaying] 
equal in width to tAvicc the thickness 
of (ho wall, and in addition, ^^ith a few 
exce])tions, to have a slab of conciete under it 
at least eight inches wider than the footings. 
For fairly good soils and Avitb ordinary buildings 
of moderate height this secures a sufficient 
distribution of the load for security. 

In the case of buildings in A\'hich different 
parts are unequally loaded and where heavy 
loads are carriediby detached piers or stanchions, 
it is important not only that the load should not 
exceed the bearing capacity of the soil, but that 
the pressure upon it should be as nearly as yiossible 
equal at all points ; so that should any settlement 
occur in the foundations, it will be uniform, other- 
Avise the more heavily laden parts will be the 
most liable to sink, producitig cracks in the 
superstructure. 

It is therefore necessary to calculate the actual 
Aveight of materials supported by each square 
foot of brick or stone in the general walls, as 
well as in the piers, and to regulate the area of 
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the concrete under them so as to produce a 
uniform jiressure. In this calculation must be 
imjliided the proportion of every floor area and 
of the roof carried by the wall or pier, including 
the load it is intended to carry. 

For domestic buildings an alloAvanco of I cw’t. 
per foot su})er of floor, including the load, is an 
ample allowance, though IJ CAvt. is often allow^ed. 
For public buildings IJ cwt. per foot super, 
including the load, is alloAved. For Avarehouses 
and other special buildings it is necessary to 
a.sccrtain the actual load to be Ocarried, Avhich is 
often from 2 CAvt. to .3 cw t., and may bo as high 
as 0 cAvt., per foot super. 

Rock. Of the A^arious soils usually met Avith 
in foundations, the strongest is rock. This will 
support any load that is likely to bo put upon it, 
even if not a strong rock, and makes an excellent 
foundation if it entirely covers the site. Many 
rocks are ayit to hold Avat(;r in pockets and 
fissures, and means must be taken to got rid of 
this by giving tluj surface a slight inclination and 
arranging for the discharge to a suitable spot 
of any Avater that collects. 

Any loose or decayed material on the surface 
must be cleared off, and if the surfa.(;e is not Ica^cI 
the stone must be Avorked into level beds under 
tb(^ footings and stepped w here ne(;essary. Holes 
and fissures may bo levelled up A\ith cement 
concrete, or, if largo a.ml deep, may be arched 
over in stone or comTete unless they come 
directly under a heavily loaded y>icr. Should 
the rock only extend over part of the site, the 
romaindor being of some Ic^ss solitl material, the 
foundation is by no nu'nns easy to deal Avitb, 
and great care must be oxenaseMl to give a 
sutfieierit bearing to the portions of the building 
on the Aveakcr soil, or an uiRupial settlement may 
develop which will crack the building. 

Clay. (3ay varies greatly, acicording to its 
nature and jiosition. The blue J^oiulon clay 
forms a lirst-rate foundation, but is only en- 
countered as a rule at considerable depths. The 
ordinary yellow clay varies greatly. It Avill 
sustain any reasonable load if fairly dry and not 
subjected to influences that Avill change its con- 
dition. It is essential to carry doAvn excavations 
beloAv the level at \a hich it is alTected by changes 
of Avoather and climate, anti for safety this may 
usually be taken at live feet or more bcloAV the 
surface. Clay that is liable to bo reached by an 
excess of Avater becomes soft and plastic, and Avill 
squeeze out under pressure, and trenches m clay 
in particular should bo concreted as quickly iia 
possible. There is the further liability on 
sloping ground that excavations may be oficned 
at a lower level, drain the moisture from the 
subsoil, and so jiroduce subsidence, and in con- 
sequence of its liability to change with altering 
circumstances the yelloAv clay should be looked 
upon as a foundation which requires very 
cautious handling. 

Gravel. Gravel is one of the best foun- 
dations after rock. If compact, and where an 
entire foundation consists of this material, 
footings may be constructed on it without 
concrete beneath them. The gravel must not, 
however, be in a position where it is subject to 
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erosion by flowing water, or it must be properly 
protected from siieh action. Even loose gravel, 
if confined so that it cannot spread, forms a 
good basis for building, but a slab of concrete 
should be used. 

Sand. Sand also makes a good foundation 
if it is confined so that it cannot spread and is 
protect(id from erosion. Tf. is ()ractically incom- 
pressible, but is easily washed away by running 
water. If the bottoms of the trenches require 
to be st(*ppod or if a (keeper excavation for cellars 
is requircfl, care must be taken to prevent tlio 
sand in the upper parts from being force ;d out. 

Chalk. Chalk varies considerably in quality 
and is liable to disintegrate if exposed to tlui 
action of the weather. The strata immediately 
below the top soil are often somewhat loose, but 
if excavations are carried below th<^ weather line 
a very good sound foundation is usually reached. 
There are apt to bo fissures and pockets of loose 
gravel <and sand, which if they come under w*alls 
or piers should be emptied and filled with con- 
crete, or, if the load is light, th(\y may be covered 
with a tliick slab of concrete. An exposed chalk 
face should be protcctcfl from the action of the 
weather by a facing of brickwork, stone, or hint. 

Quicksand, Alluvial Soils, and 
Made Ground. Quicksand, alluvial soils, 
and made ground are all unsatisfactory as 
foundations. They are compressible, and made 
ground in particular is liable to contain putres- 
ciblc material. Circumstances may arise in 
w'hioh buildings must be erected on such foun- 
dations, and in all such eases special precautions 
must be taken. The circinnstances of each 
individual tjase must be carefully considered as 
it arises. 

Made ground vari(\s much in character. It 
may be the result of excavations for sand or 
gravel, whieh have been replaced by other hard 
dry material, which, w'ith the lapse of years, 
attains very fair solidity, or it may be the result 
of a g(uieral raising of the level of a low-lying 
locality, such as lias taken place in parts of the 
East of London. Tn the latter case, road sweepings, 
ashes, etc., are often employed, sometimes in a 
wet condition, when they will be offensive for a 
long time, and w'ill never become well solidified. 
The |Jl*esenee of putreseihle matter in the soil 
may be a source of dang(*r to health, as the 
ground air under some conditions is drawn into 
buildings by the action of ordinary firojilaces. 

Trial Holes. Before the building is 
designed, the nature of the soil, unless well 
known, must be a.scertained by sinking square 
pits or trial holts at various parts of the site, 
noting the chara(;tor of tlu^ strata jiierced and 
seeing whether their character varies in the 
different pits. Where a soft stratum occurs 
above a hard one, it is as a rule desirable to sink 
the foundations to the harder lied, but where a 
hard stratum occurs abtjve a soft one, it is often 
safe to build on the upper one, provided it is 
possible to leave a considerable thickness of it 
undisturbed. In such cases much will depend 
upon the building to be erected, and inquiry 
as to the circumstances of surrounding build- 
ings. must be made and judgment exercised. 
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No hard - and - fa.st rule can bo laid down. 
A thorougl) acquaintance with the nature and 
capabilitii*s of the bearing stratum is not only 
necessary })efore the w^ork is started, but should, 
when heavy loads have to bo dealt with, be 
gained before the footings are designed. 

Artificial Foundations. The footings 
of a wall or pier can seldom be laid on the 
natural foundation. Almost always some other 
provision must be made to receive them, and 
(his must vary with the nature of the natural 
foundation and the load it has to bear. Tlie 
loads to bo carried due to walls and piers resj)ec- 
tively ha ving been ealeulatcd, fhe safe load that 
the natural founilation w'ill sustain and the area 
of the hearing surface under each may be as(^er- 
(ained and the trenches excavated to the requirerl 
size. With a good natural foundation, even 
when heavy loads are to be carried, a thick layer 
of concrete^ is the material usually employed. 
With poor and treacherous soils other methods 
must be adopted. 

Concrete. Concrete is a material which, 
when tirst formed, is in a plastic condition, and 
can bo tilled intt) any ])rej)aretl excavation or 
mould. Within a few hours it sets into a solid 
rock-lik(‘ mass, and within a few^ days attains a 
very eonsiderahle stnmgth, though its maximum 
strength is not reached for months. It is com- 
posed of some hard substance broken into small 
pieces termed the r/r/^/re,r/ak^ forming the bulk of 
it, and of a binding material termed the matrix. 
The nature of llu‘ aQ(jr(‘(jate varies according to 
the purpose for which the comuoto is to be used. 
Eor foundation work and walls nothing better 
can be had than stone ballast from a river or* pit 
gravel. Shingh^ for many purposes is suitable, 
but the stones in it are not “ sharj^ ” or angular, 
as is desirable, and the pr'esence of salt renders tlu^ 
concrete liable to show signs of damp in wet. 
w'eather or in moist situations. Other substaneos 
used are broken stone, clinker, burnt ballast 
(only permissible if thoroughly vitrified), and 
broken brick and pottery, which must also be 
thoroughly burnt. Underbunit bricks or ballast 
are not suitable. An excellent concrete results 
from about 25 ])er cent, of good broken brick 
w'ith some form of stone aggregate. Whatever 
the niatiTial, it must be broken up to pass some 
standard. A t wo-ineli ring is very often specitied. 
This secures a solid uniform material without 
cavities. 

Concrete Floors. For concrete laid 
on the solid, similar aggregates may be used. For 
upper floors, roofs, etc., in tire-resisting stru(!tures, 
lightness is of importance. Coke breeze and 
pumice-stone arc often employed, and for such 
purposes should be broken fine enough to pass 
through a one-inch ring. This is termed fine 
concrete. For concrete stairs, pavings, etc., the 
aggregate, consists largely of granite chippings. 

If the aggregate does not contain sand, sand 
or some substitute must be added to the extent 
of about 25 jxjr cent, to 30 per cent, of the 
total bulk. The object of the sand is to fill 
up all interstices and to give cohesion. It is 
essential that the aggregate should be clean, free 
from all animal and vegetable impurities, and 
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that the sand should bo sharp and free from 
loam. If loam be present, the sand must be 
washed. Washing is done in a tub of wati'r. A 
large circular sieve is used, and with the sand is 
dipped into water till submerged. It is rotated 
so that the loam is washed out, and the sand is 
then thrown out into a heap. 

The Matrix. The matrix consists of 
hydraulic lime or Portland cement [see 
Limes and CkmentsJ. The proportion 
of matrix to aggregate varies with the nature 
of the matrix, with the situation of the con- 
crete, and tlio work it has to do. In tlie ease 
of lime, if only feebly hydraulic, the propor- 
tion should not exceed one of lime to four 
or five of aggregate. Such concrete is not 
suitfible for use in very largo masses or in moist 
situations. If eminently hydraulic it may be 
one of lime to seven of caggregate. With cement 
the proportion may be one of cement to eight or 
nine of aggi*egate for concrete walling, and oiui 
of cemeril to five or six of aggregate for wet 
foundations and for concrete flooring. 

Water. Tin* water userl must be clean, and 
it is important that no more should be (‘inployed 
than is necessary for the proper mixing of the 
ingr(‘di('nts. An excess of wat(‘r redu<‘es the 
ultimate strength of the concrete. The inetliod 
of mixing is as follows: The proportion of 
matrix and aggregate b(‘ing (ix(*d by the specitica- 
tion, scpiarc franu'S without tops or bottoms are 
made [8| ; the sinalkT contains a single unit, say 
a yard, for the matrix, the larger thi^ correspond- 
ing number of units required for the aggregate. 
If the aggregate is not formed with a singk^ 
material, but has, e.q., a certain jiroportion of 
brick mixed with it, this is most usually incor- 
porated before the mixing of conei’ete itsc'lf 
begins, but if necessary three or more fram(‘s 
may be employed, each proportioned in capacity 
to tlu' amount of material to be used. 

A close-boarded lloor is provided as close to the 
spot where the* eonereti^ is to be used as possible, 
or a floor of sliet'l iron is sometimes u.sed. The 
frames are placed on it, filled up level to the top 
(but not heaped up), and then removed. The 
aggregate is spread out, the matrix sfiread evenly 
over it, and th(' two thoroughly mixed by Ixang 
twice turned over w'ith shovels, dry —i.c, without 
any water. They are finally turned over with 
the addition of the necessary water, forming 
concrete, which is at once conveyed to the spot 
where it is to be d(*posited. Tn the ca.se of 
trenches for foundation work, it may sometimes 
be thrown in by shovels direct. More usually 
it is filled into barrows, wheeled and tipped in. 
This must not be done from any great height, or 
the lA-rger stones will collect at the bottom and 
the mass not be homogeneous. 

Depth. If the depth of concrete, is not great, 
say, 12 in. to 18 in., the full depth may be at 
once placed in the trench, in wliich stakes arc 
driven and carefully levelled, marking the top of 
the concrete, which is si)read and levelled by a 
labourer standing in the trench as soon as it is 
deposited, and should not afterwards be dis- 
turbed. Where a deep bed of con(:^rete is 
required, it is usual to deposit it in successive 


layers of about 12 in. at a time. In the case of 
deep trencdies the concrete must be lowered in 
bags or in barrows to a stage from which it can 
be tipped. Concrete should not be deposited in 
trenches containing water, w^liicli is apt to wasli 
out the cement, leaving the lower part of the 
concrete poor. Water, hoAvevor, does not int<‘r- 
fere w'ifli the setting of concrete mixed witli 
cminenfly hydraulic lime or cement. Jf used 
und(*r water, it must be lowiu’ed in sacks and 
the surface protected till s(*tting occurs. 

Where ca hori/ontal bed cannot be completed 
w'ithont interruption, it is usual to form the end 
w'ith a V-sha]>eil nu'ess on plan (9j to giv(^ a verti- 
cal key to the next layer of eonerep', and if tins is 
not put in till the first is dry, the joint should h(* 
well wctti'd before the now eonerete is deposited. 
VVh(*re successive layers are used, care must he 
taken that no mould from the trench or dust or 
rubbish is l(‘ft on the upper surfaec of the old 
b(‘d before the* new concrete is deposited. The 
top surface of tlie final layer is lev(‘lled and 
smoothed over to reecMvi; the brick footings. 

Concrete over Site. The eonerete w'hieh 
is usually spread over the whole site within 
fh(‘ walls, and which may form tlnf bed for 
solid floors, or may he some distanee l)ek)W’ 
boarded floorn, is usually cement eonondi* not 
less than six inches thick, sjin'/id uniformly, and 
w'ith the upp(‘r surface smoothed over with a, 
spade or shovel. Up[H*r floors are filled in on 
a eenfn*. This may Im* a close- hoarded, flat, 
W'oodim eeritri' [see ('EKTRKiNul, or may consist 
of terra cotta lintels, iron sheets, etc., wliieh 
remain as part of the floor. When eonerete is 
used in this way in combination with iron fir 
8te<*l joists, if miisf be w'(‘ll rammed around th(j 
flanges. 

Concrete may also be filh'd into moulds, and 
when set used as blocks for building or as lintels, 
channels, etc. Concrete walling may also be east 
in jiosition. In thi.s eonstnudion the H])aco to b(‘ 
oecnpied by the wall is enclosed willi close 
boarding fi.xed to upright piisfs, well tied and 
strutted, and the eonerete is tillt*d in in layers of 
about twelve inches at a time [12 1. This is often 
done for retaining walls, but buildings of eoncrctf* 
hcavi^ even beem constructed in this manner. 


In the ease of eonerete masses intended to 
oeeive heavy maeliinery provision must he made 
or securing the machinery. This may he done by 
aiilding in iron or steel girdcTs, to which they are 
lotted, or by building in holding-down bolts with 
Liiehor plates [10], and in all such cas(\s templates 
jiving exact position of holts must bo obtaiiusl 
rom the lirm supplying the machinery. Pieces 
timber dovetailed in section are sometimes 
)uilt into concrete beds standing above tlu^ 
lurfaee of the concretes for lighter inachirnTy [11], 
,nd are useful wdiere machiiu'S must be shifP’fl 
see also Fire and FERRo-tkiNCRETE]. 

Foundations^ on Compressible Soils, 
kieh foundations, even for heavy huddings, 
Lie sometimes inevitable, and in such cases 
neans must be taken to render the natural 
dundation capable of supporting the superin- 
mmbent load. The circumstances are so van^ 
,1,-. deal exhaustivelv with every 
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case, but must ref(‘r to the general methods 
of dealing with this diflicult ])roblcm. Such 
foundations are costly, but the cost must be faced. 

The method will depend upon the nature of 
the site. If the compressible stratum overlies a 
good solid stratum, but the latter is so deep that 
the cost of taking down the walls of the building 
is prohibitive^, it may nevertheless be possible to 
take down i)icrs of concrete or masonry to the 
lower level at short intervals and to throw arches 
or gird(*rs from [>i(T to pier to carry the walls. 
This is only possible when the soft stratum is of 
a character that will permit of shafts being 
sunk, and cannot be employed for anything in 
the nature of quicksand or water-logged strata. 
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each of which rests on two or three piles, but not 
on more, owing to the difficulty of securing even 
bearing. The footings are started above the 
granite. Another method is to excavate the 
ground for a depth of 1 2 inches between the piles, 
to fill in between them with good cement concrete 
in layers, and to raise the concrete about 18 
inches above the level of the pile head [14]. The 
concrete filling up to the level of the heads may 
be usefully employed under granite capping. 

A third method is to connect the heads of the 
piles with heavy timbers, say 12 in. by 12 in., 
secured with bolts to the piles and running in the 
direction of the rows, and upon these to lay strong 
transverse timbers to receive the concrete [13 j. 
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The area of such f)iers 
must be proportioned to M jffl 

the loads to bo carried. j 1 |{ 

The bottom must bo earned * \ 

well into the solid stratum ' ' ^ 

and the piers carefully con- ^ ^ 

structed. 'J’lieir s])acing ! ; j ; 

must depend upon the n 1 : ''p * 

nature of the building to ^ 

bo supported, but they will 9 H 

not be, as a rule, more than j • •' ! 

ten feet apart in the clear. : ! \ \ 

Iron screw-piles may some- ^ 

times be employed in such 

circumstances spaced at t-r-* < 

greater intervals, and the 15 . plan of pile.s 
tops connected by heavy CTioss 

girders. 

Piling. When the soft stratum is very deep 
or very treacherous, say 30 ft. or 40 ft., the 
system of piers is not suitable, and in such cases 
long piles may bt driven through the treacherous 
ground into the solid stratum below. In America, 
where buildings of great height are erected, it 
is frequently the custom to drive in piles two 
to throe feet apart centre to centre in rows 
spaced at intervals of about 2 ft. 6 in. centre to 
centre over the entire surface of the site. In 
most cases it may suffice to drive two or three 
rows of piles unde r the lines of the main walls 
[15]. Care mu^t be taken to cut off the tops at 
such a level as to be below that at which water 
stands, for if the tops are dry they will decay. 
The piles may be capped with granite blocks, 

m 


in this case all suirh tiin- 

ffl* ' S 9 

; “ ■ ' the water level. In the 

; ease of foundations whieli 

^ are liable to spread — such 
- .0 H* water— but 

J j w hich if confined wHl carry 

^ considerable loads, the 

' whole area of the site may 

H be surrounded with sheet 

i PlATt piling, and the site covered 

I j with a tliick bed of con- 

^ Crete. When the depth 

^ of the soft ground is so 

H J great that solid ground 

NDER A WALL AND caimot be reached, piling 

vall may still bo resorted to, 

but the piles will not 

carry so great a load as if driven to the soMd. 

Underpinning. Underpinning, which con- 
sists in caiTying down an existing wall to a 
greater depth and providing it with a new 

foundation without disturbing the super- 
structure, is often necessary. A heavy super- 
structure must bo shored and perhaps needled* 
The old footings and concrete must usually be 
out away, the excavation to receive the new 
work carried down in short sections at a time, 
[see ' bricklayer]. When the first series of 
excavations have been made, and the work set, 
the intermediate pieces are dealt with. Great 
care is required to sco that the concrete surfaces 
between the successive blocks are clean and % 
good junction is made. R. ELSEY SMITH 


UNDER A WALL AND 
-WALL 
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Natural Agents Engaged In Dispersing Seeds. Action of Water 
and Wind. The Part played by Insects, Birds, and Animals. 

HOW FLOWERS COVER THE EARTH 


have now considorc'd in some detail the 

^ means by whicli the eontiniiancc of th(' 
species is (drcctod. J3ut as j)larit 3 are not able to 
move about actively, it is necessary that tlu'iv 
should be some ])rovision for dispc'rsalof tlieir olT- 
siH’ing, so that some at least of th(‘m may be able to 
find a suitable spot when^ they can grow up. 
C(‘rtain sp(‘(;i(\s act i vely disperse ( hemselves, while 
others are scattered by water, wind, or animals. 

How the Plants Form Colonies. There 
are many plants which send off more or less hori- 
zontal branclu^s Ixdow or above the ground, from 
the nodes of which roots grow down and shoots 
grow up, so that a sort of colony is jiroduec^d, 
with meml)ers which may be arranged in a row 
or in a elustiu'. Tlu‘ eases of tlu‘ san<l-s(‘dg(‘ 

(( 'arex nremirin) and strawberry (Fragaria resra) 
have been spoken of rise where. Other familiar 
examples with underground stems mint 

(Mentha), millefoil or yarrow (Achillea mi11(- 
Jolinni), reed (Fhragtnilc.'i ronnnunis), couch- 
grass (Afjropgrnn} repenfi), slinging nettle (Vrtica 
(iloicn), butler-bur (J*etasit€s officinalif^), and 
coltsfoot (Tnssitago farjara), T'lu^ last four are 
well-known weeds which it is diflicult to eradi- 
cate, owing to the way in which their numerous 
underground stems tunnel through tlu' soil. 

A variation on the arrangement just described 
is seen in tuberous [)Iants sucli as the potato 
(Solanum tnhero.snm), where underground 
l)raneh(*s swell up into tubers, from the “(yes” 
or buds of which new plants aris«*. If forms 
such as llu'se are left to themselves, elustensl 
colonies will soon be produe(‘d. 

Th(^ dark-green “ fairy rings ” which abound 
in n(;h |)aslures are m<Tstiy fornu'd by toadstools, 
which spread outwards frojn a centre, exhausting 
the ground as they do so. 'There are, however, 
some s(^ed-plants in which the same habit is 
observable, the ring being due to tlu’i death of 
older members of tlie colony which once occupied 
the middle of the j)at(di. The Swedish fairic's 
are popularly supposed to be especially fond of 
holding their midnight revels within the rings 
formed by a kind of grass (Se.slena carulea). 

Plants which Sow their own Seeds. 
There is a kind of cIovct (TrifoJinni snhterramenm) 
in which the pods produced on thc^ lower })art of 
the plant bend down towards tlu^ ground, into 
which they are forced by the growth of the 
branches that bear them. In a kind of^ vetch 
(Vida <imphicarpa)f native to South k^urop(‘, 
some of the flowers are self-fertilised and borne 
on underground shoots. Some detached fruits 
bury themselvL^s in the ground. That of storks- 
bill (Erodium), for instance, possessexs a spirally 
twisted awoi, which uncoils wdien moist, and 
])ushes the fruit into the earth. 

Tho fruits of a number of plants are in a state 
of tension when ripe, and finally open or split 

THIS GROUP EMBTACES BOTANY, 


suddenly in such a way as to eject the. seeds to 
a considiTablt* distance. One of the commonest 
(‘xamples is afforded by broom (Sarothamnns 
''<coparlus), the flat, black ])ods of which may 
ofttm be heard exploding in late summc'r, tlu^ 
Lwo halves curling up so that tlu^ s(‘eds are 
seatteivd in all din'ctions. A similar cast* is that 
of balsam (Impatient noli-ine-lanffere), the ripe 
capsules of which split into four t wasting strips 
at the least, touch, with tlu* sanu^ result. Tlie 
seeds of wood-sorrel (Oxalis accloscIJa) sudd(‘nly 
(ly out from the matun^ eapside [117], owing to 
the rapid sw'elliug U]) of a layer of tin* seed-coat, 
which is in a state of e()mpr(*ssion. The squirt- 
ing cueumbc'r (Fchallinnh elaterimn) of South 
Kurope ill6) presi‘nts us w ith a diflenmt kind of 
mechanism, for wben ript‘ it is, so to sp{*ak, 
over-full of tliiid, and, as a result, tlu^ stalk is 
suddenly foiTcul off and the seeds squirt (‘d out. 

How Seeds Spread over the Earth. 
Fling (hiUh resemble some of the pifeeding in 
eiTtain resp('cts, but owe tlu'ir name to tlu^ 
w’ay in which the sc'cds are propelled, lii tlu* 
marsh eraiu'sbill or geranium (tferaninm palnMre), 
for exampk', each of tlu^ tiv<‘ compartments of 
the fruit is continued into an (*la<tie fibre running 
up the beak like a ])rolongation. which has 
suggested the popular name* |124!. Tlui com- 
partments with th(‘ir fibres ultimately curl up 
suddenly, owing to the elasticity of tho latter, 
.and th(‘ scasls are Hung for a distama'. Acanthus 
[120 1 behaves in much tlu' saim* way. 

In many catapult fruits, tin* rijK' sissls, or, 
it may be, j)arts of the fruit, ar** eontaiiusl in 
an open cup, and get thrown out by the cpiick 
recoil of th(' A’cry (‘l.astic stems and flower-stalks 
wh(*n these are moved by the wbid or briisli(‘d 
against by animals. In w^ood-sage (Teurriuin) 
and other memb(‘rs of thi^ dead- n(‘t tie order 
{hihiatic) this cup is the calyx, in which the 
little s(*parate divisions (nutli'ts) of the fruit are 
contained, while in various species of th(‘ ]>o|)py, 
lily, iris, pink, [U'imrose, or foxglove kind, the dry 
fruit splits or opens to form aiaqior luile-^iicrced 
capsule, and it is the seeds wdiich are shot out. 

Flipping fruits include cases wh(T(‘. the fruits 
aiT^ exc(H'di!igly smooth, and ar(^ pinchc(l by 
contracting i)arts of the open fruit so as to be 
Hipped to some distance, just as orange j)ips 
can be shot from b(‘tw(‘(‘n tlu; ^humb and forc- 
linger. An e.asily observed instaiuH; is that 
of dog-violet ( Tio/rt caw/aa), where tlu* capsule 
si)lit.s into three jiarts, within each of which are 
tw'o row's of shining s(;eds [118J. 

The Coco-nut Palm’s Sea Voyage. 
'JTie dispersal of plants by water is the method 
naturally adopted in the ease of some of the 
plants 'which live and rijien their fruits in 
running water, but the method is not limited 
to them alone, for it may occur in some land 

■zoology, and bacteriology 
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forms. A notable case is that of the coco-nut 
palm, the fruits of which are invested in a 
thick, fibrous husk, entangling hair, and covered 
with a tough skin. They may be carried for 
thousands of miles by ocean currents without 
getting water-logged or losing their power of 
germination, and it naturally follows that this 
palm is one of the commonest forms of vegetation 
on the coral islands of the Pacific. 

The name roses oj Jericho was applied in the 
Middle Ages to two plants native to the steppes 
of South-east Asia and North Africa. One of 
them (Anastatica hierochuvtica) belongs to the 
wallflower order (Cruciferoi), and, when its 
fruits arc ripening during the dry season, the 
branclu's curl over them so as to give a remote 


light fruits, which arc easily blown along the 
surface of the ground for great distances. 

There are some plants which produce in- 
numerable flattened seeds of such small size 
that they can bo blown about like grains of 
dust. Orchids afford the best example, and it 
is easy to see how the tropical members of the 
group got dispersed among the branches of the 
trees whe^re they mostly grow. For an extreme 
case, it has been calculated that over 30,000 seeds 
only weigh one grain. 

In a largo number of trees, tall shrubs, and 
herbs, tlie fruits or seeds arc provided with 
membranous expansions which are easily caught 
by the wind. The “ keys ” of maple, sycamore 
[125], ash, and elm are common cxamx3lcs of 
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rosemWanoe to a rose that has not yet opened. 
When the rainy season sots in, the branches 
spread out, the fruits open, and the seeds are 
washed out, as shown in figure 127. 

Plants Dispersed by the Wind. 
Some of the plants native to the steppes of 
Russia and South-west Asia form a rounded 
branching mass,* which is easily detached from 
the root at the time when the fruits ate maturing, 
and gets rolled like a ball along the ground by 
the wind. A good oxampje is a species of plantain 
{PlarUago cretica), and' tlicre are a number of 
others. As great numbera of such plants often 
stick together to make up a very largo and 
increasing mass, which may at times bo caught 
up into the air, they have become objects of 
superstition, jand have given rise to legends of 
wind or steppe witches. Other species growing 
in similar localities produce round and very 
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winged fmits, while in hop, Iime[119J, and horn- 
beam a bract servos as a sail. The Scots pine {Finns 
sj/lvestris) and the spruce fir {Abies 'pectinala) will 
serve as good examples of winged seeds. 

In many members of the dandelion^'ordcr 
(Compositie) the calyx is transformed into a 
i)eautiful crown of hairs (“pappus”), which 
serves as a parachute. The dandelion itself [122 1 
(Taraxacum officinale) is a particularly instruc- 
tive example. While the head of crowded 
yellow florets is maturing the stalk is short and 
near the ground, but it elongates and stand.s 
erect when the florets open to attract insects. 
Pollination and fertilisation accomplished, the 
stalk moves down so that the fruits can ripen 
in comparative safety close to the earth. When 
this is accomplished, the stalk once more becomes 
vertical, the crowns of hair spread out, and the 
fruits of the “dandelion clock” are blown 
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hither and thither by every wind that blows. 
Equally familiar and of the same nature is 
“ thistledown/’ while the parachutes of goata- 
beard (Tragopogon) are noticeable on account of 
the extreme beauty of their feathery hairs. 

The elegant fruits of clematis 

are also wind-dispersed, and 

so are those of the plane-tno ' - ^ 

[121]. Of tufted seeds it may : • 

suffice to mention willow (jSfa//.r), I 

cotton (Gosst/pium), and willow- | /I 

herb (Epilohium) [123]. 1 V ^ 

The chief groups of animals | 
which unconsciously assist | 
plants to colonise in favourable i 
places are insects, birds, and i 
mammals. | 

In warmer climates than o\ir : 
own, there «are several species , 
of ants which may almost be ; ^ 

described as farmers, for they 
collect and store various grains 126. hari 

and seeds for consumption 
during hard times. A certain ])roportion of these 
must frequently c’seapti being eaten, and grow 
up into young ])lants. 

A ver^ extraordinary case is afforded by the 
seeds ot‘ violets and pansies, each of whieli 
possesses a small, flosliy knob (caruncle), which 
serves as a swc(‘t and toothsome food that 
appeals to the taste of certain ants. They are 
thus tempted to carry otf these seeds, which 
remain quite uninjured when their little knobs 
have b(‘oii gnawed away, and germinate if 
surrounding conditions are favourable. 

The earth which often clings to the feet and 
feathers of birds, (^specially those which seek 
their food in damp pbiccs, often contams 
large numbers of small seeds, which thus stand 

a chanco of getting , . 

carried to spots 

where they may 

successfully g o r - 

min at o and grow ^ 

up. But a more ; " 

frequent and moie j 

important case is 

that of succulent y 

fruits, such as 
grapes, sloes, and 
a large assortment 
of berries, which 

attract birds by | ^ 

their often brilliant i 4jJ 

colours, and min- | ^ 

ister t-o their appe- \ 1 

tites. Insuchfrnits | 1 

we find that the : ^ 

seeds arc commonly 
protected by strong 
coverings, which 

protect them from 127. the rose of jei 

the processes of 

digestion, so that i hey are voided in a fit state 
for germination where they fall. 

Many of tl.o Tirightly coloured edible fruits of 
hot climates appeal to monkeys as much as 
birds, and thus get their seeds distributed in 
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127. THE ROSE OF JERICHO CLOSED AND OPEN 


similar fashion. We also find a great variety 
of fruit and seed upon plants of low stature, 
provided with devices of various kinds by 
which they are enabled to cling to the coats of 
their unconscious friends. 

It has been estimated that 
’TT ^ ’ some 10 per cent, of all flowering 
}>lauts produce fruits provided 
with hooks or spines by which 
they easily g(;t attached to fur 
i [128-133]. Familiar 

(examples among our native 
I burdock {Arctium 

j' hippa\ agrimony {Agrimonia 
^ f^-vens {Chum ur- 

i and cleavers or goose- 

1 grass {Galium aparine). 8orao 
jirrangoments of the kind pos- 
I sessod by foreign forms are of 

I truly formitlablo nature, such 

as the strong, curved hooks of 
lOPiiYTON martynia, native to liOuisiana, 

and the numerous formidable 
claws of harpagophyton, a ])lant which flourishes 
in South Africa, aiul is said to bo fatal to the 
lion by produc'iiig festering sores [128j. 

Nature's Ingratitude. Wo also find 
that the spiked iron balls known as caltrops, 
w'hifdi mcdiawal generals scattered on the 
ground for the cntertaiiimont of hostile cavalry, 
have been anti(Mt)atc(l by some plants for the 
more useful purpose of dispersing their fruits. 
In Hungary and elsewhere, for example, there 
ar(‘ forms (species of Trihuht.s) in which the fruits 
breakup into pieces that lie on the ground and 
arc liable to pc'netrato the feet of shoe}) and 
liorned cattle by means of a sharp, brittle spine 
which sticks up from ea(;h of them. After being 
carried away, the seed -containing part breaks otf, 

while the spine 
remains embedded 
in the foot of the 

plant often grown 
in greenhouses in 
fHO CLOSED AND OPEN country. It 

may bo well to 
add that hooked and sticky fruits often attach 

themselves to the feathers of birds as well os to 
the fur of mammals, a fact which greatly assists 
in the wide dispersal of certain plants. 

J. R. AINSWORTH-DAVIS 
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Induction. The First Transformer. Attempt to Convert 
Magnetism into Electricity. Faraday's Primitive Dynamo. 

FARADAY’S DISCOVERIES 


Faraday’s Researches. To Michael 
Faraday (1701-1807) more than to any other 
of the pioneers of ('lee tri city are electrical 
engineers, and, indeed, the whole world, 
indebted for the discoveries upon which the 
advances of modern times and the inventions 
of recent years are based. The chief discoveries 
which he made in electromagnetism, the 
foundation principles of all tr.ansformers and 
of all dynamos, were made in the autumn of 
1831, the first fruits of his resolve to abandon 
the lucrative work of a professional expert in 
order to devote himself to scientifio research, 
lie had indeed already a(;hiev(id fame by 
earli(‘r reseandics, chief among them being the 
discovery of the electromagnetic rotations — the 
principle, in short, of electric motors — the 
chemical discovery of benzol and the li(^uefaetion 
of chlorine. But it remained to him to discover, 
what had long eluded the grasjj of llu^ seienfifie 
experimenter — ^namely, the use of 
magnetism to generate currents 
of electricity. For at that dat(‘ 
the only known ways of generat- 
ing electric currents were (1) the 
chemical method in th(^ voltaic 
cell, (2) the thermal metliod by 
the heating of the junctions of 
difTcnmt metals, (3) the frictional 
method, as in the old glass electric 
macliincs. The first of thcsi' 
dependt'd upon the consumption 
of zinc and acids in batteries ; 
the second yielded very small 
electromotive forces, and was 
uneconomical ; the third gave 
sparks and discharges rather than 
useful currents, and was unf)rac- 
tical. To these three Faraday 
added a fourth w^hen he found that an electric 
current was generated in a copper conductor, 
mechanically, when the conductor was moved 
past the pole of a magnet, or when the magnet 
• was moved near the conductor. Incidentally 
he discovered a great deal more than this ; but 
the main point is that stated. For if we had 
had to depend on chemical action, thermal 
action, or friction, for our supplies of electric 
current, there would have been to-day neither 
electric light dor electric motive power. The 
public supply of electricity from central stations, 
and all the thousand applications in electrical 
engineering would have been quite out of the 
question. 

Induction. In the earlier - discovered 
phenomena of electricity the.only known ways 
of producing a current in a copper wire had 
4)een by contact or conduction — the current 
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could be conducted from one piece of metal to 
another. Also it was known that magnetism 
could be conducted along an iron bar by placing 
it in contact with the pole of a magnet. Con- 
duction along the metallic substance from particle 
to particle was a familiar idea. It had also been 
known for half a century that an electric charge 
could be acquired by a body hy influence from a 
pre-existing charge of electricity in another 
body, at a distance of a few inches apart, with- 
out any contact or communication between the 
two. To this phenomenon of action at a dis- 
tance, discovered by John Canton, the name 
of induction liad been given, to distinguish it 
from conduction. It w^as also known that 
magnetism could be imported, by influence, 
from a magnet to a neighbouring piece of iron 
without contact or cimduotion, and this was 
similarly called magnetic induction. But though 
one charge might induce another charge, and 

one magnet might induce anoth(*r 

magnet, no one had ever be(*n 
able to make an electric current 
induce another electric current, 
nor had anyone succeeded in 
causing a magnet to induce a 
current. Many philosophers had 
expected that some sucl) relations 
would exist. They had tried to 
observe them experimentally. 
Faraday himself had both ex- 
pi'ctcd and experimented. In 
1 822 he wrote in his note book 
iis a thing to be tried : “ Convert 
magnetism into electricity.” A 
splendid problem — but how to do 
it ? In 1825 ho tried several 
times, but without result, and 
again in 1828, for the fourth 
time, but fruitlessly. But in August, 1831, 
he Ix^gan a systematic research, from which in a 
brief ten days of work, with intervals of con- 
templation and preparation between them, he 
emerged triumphant. 

Induction from Wire to Wire. Tlie 
idea, suggested by analogy, was that if^^here 
were two wires lying side by side, and if 
along one of them a powerful enough current 
were flowing, there would be some current 
induced in the neighbouring wire ; but no 
experimenter, not even Faraday himself, had 
been able to observe such a thing. Again, it 
had been argued, by analogy (but incorrectly), 
that if an electric current circulating around a 
coil of wire, placed so as to surround a bar of 
iron could make that bar into a magnet (see page 
496)J then, as a deduction, if we were to put 
a powerful enough steel magnet inside such a 
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coil of copper wire, the magnet ought to induce 
a current of electricity in the coil. But it did not 
when the experiment was tried. How to con- 
vert magnetism into electricity still remained 
a problem. 

When Faraday set to work he began by coiling 
wire.s round vvof)den rods and wooden blocks ; 
two wires, not touching one another, being care- 
fully coiled side by side so as to lie close beside 
on(‘ another. *110 joined up one wire to a 
battery so that a current flowed along it. Then, 
joining tip a galvanometer to the second wire, 
lie looked to see whetlicr any trace of current 
was “ induced *’ in the second wire by the in- 
ti uence of the current in the first wire — and 
there Ava.s noiu*. He varied the experiment in 
several ways, hut obtained no success beyond a 
faint disturbance in the galvanometer, whicli^ 
occiirn'd only if the galvanoinoter wire was 
joined up first, and the connection of the other 
wire to the battery was made afterwards ; and 
then the disturbance was only momentary, 
at the instant wlum the battery connection was 
made or broken. As to any feeble current 
such as ho had expected there was none. But 
the faint disturbance was a hint not lost on so 
k('en an observer. It showed him that he must 
look for a transient elToct, and to observe it the 
hotter he constructed new apparatus. This was 
tried on August 29th, 1831. 


Faraday's Ring. Faraday had made a 
ring [43] of soft iron. It was forged by a 
blacksmith of iron rod I imdi in thickness, and 
was 0 in. in cxlcrnnl diameter. On this ring 
wen? wound two coils (A and B) of insula t<‘d 
copper wire ; theu'o being 72 feet in coil A, and 
(iO feet in coil B. 'Phis ring was u.scd as follows. 
A battery of ten small cells was prepared to be 
connected to coil A, while coil B was joined to 
a simple galvanoinoter made of a coil of win; 
passing over and under a f "I compass 

needle. On ruakinj the circuit | be tween 

^oil A 
md the 
battery 
[44] there 


transient ett'ect on the 
galvanometer in the 
B circuit ; its needle 
was deflected, oscillated, and finally sidtleddown 
in its original position. On breftkiruf the connec- 

tion with the battery, the galvanometer again 
showed a temporary disturbance, but the 
deflexion was in the direction opposite to that 
of the deflexion which occurred on making the* 
circuit. As the two coils A and B were quiU^ 
separate, electrically, from one another, it wa.s 
clear that the current in A had mrfwced currents 
in the coil, It was also clear that the iron ring 
had a share in the operation. In fact, when 
the current in A was turned on, the circulation 
of the current in the A coils had magnetised 
the ring ; and wlien Jhe current in A w"a.s turned 
off. the iron ring had ceased tq bo a magnet. 
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Tln^ magnetism of the iron core had obviously 
acted on the coil B, and had inductively gener- 
ated currents in it. 

Induction by Steel Magnets. On 

the third day of the experiments Faraday 
varied the plan of experimenting os follows. 
He had seen that in the ring experiment the 
magnetism made by coil A was evkkntly the 
agent whii'h acted on the coil B ; and lie te.^^ted 
the mattijr by changing the apparatus so as 
to use tlie magnetism of common magnets of 
steel instead of the coil A, which, with its ])art 
of the ring core, had acted an (‘lectromagnet. 
.Aeeordingly, he connected the galvanomcUu' 
by wires to a new B-coil not wound on a ring, 
but wound on a short cylinder of soft iron ; and 
magnetism was iiiijiarbul to this (^ore not by 
any magnetising coil, but by 
bringing into contact with its end.- 
the poles of two bar magnets of 
steel, fl’he arrangement is tlcpi«‘ted 
in 45, where the poh*.s 
an* marked N and S. 

Every time that tlie 
ma g ncti( f 
or S wa? 
b r o k e n 
motion iij 
g a 1 vano- 

the pr(‘S(‘nee ot tran^umt/ induced currents in tlie 
coil. H(‘nce, as Faraday records, here was a 
distinct evolution of electricity by the aid of 
magnetism. 

Motion Essential. The circiimstanci' 
that thwii elTccts were transient, and that no 
current, not even the feeblest, was generated 
w'liile th<^ magnets remaim^d in contact, cx- 
pl.iined the failure of so many previous attempts. 
The mis.sing fa(;tor in all the futile attempts 
had been ntntwn or what was its equivahmt, 
(‘hango in th(5 magnetic state. 'Phe magnet of 
rr.sf.f or the electric current flowing with uniform 
int(*nsitv, prodiicial no inrlnrfirr ttrlion on the 
neighbouring copper wire. The magnet must 
move, or it induced no current. The current 
in coil A of the png must equally not la; a 
current at rest ; it must he a current that 
is growing in str(‘ngth, or a current that is in 
the act of dying, if it is to act inductively,; for 
it is only wdiile the curr(*nt is changing its 
strength that the magntilism duo to it under- 
goes change. 

Movement of the Magnet. On 

the fifth day Faraday used a hollow cylindrical 
coil made by coiling 220 feet of wire around a 
pasteboard tube. This coil was joined up to 
the galvanornetcn*. He then took a cylindrical 
bar magnet of steel in. long, and | in. 
thick. On plunging it [46] into the coil the 
galvanometer nei^dlo made a quick movement 
to one side, and then returned to its zero. On 
pulling the magnet out, the needle again moved, 
but in the opposiife direction. Here, evidently, 
an electromotive impulsi^ was induced by 
mere approximation of the magnet, and not, 
as in the case of the iron ring, by formation of 
the magnetism in the stationary iron. Further, 
as the magnet u.scd in the operation lost none 
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of its magiu‘tisni during use. the energy which Faraday further pointed out the important 

propelled the current must have been derived part in all these experiments and api^aratu-s 

from the movement of the arm. It was the played by the invisil)lc magmtic lines (p. 403) 

mechanical generation of a current by the ex- of the magnets. He showed that in order to 

pendituro of <‘nergy rather than ^ ^ create any of these inductive 

any conversion of magnetism ^ • effticts the copper conductors 

into electricity. must so move as to cut across 

Faraday followed up this ^ the Tuagnetic lines, or else the 

experiment by another with ^Hv|n magnets or magnetic lines must 

two coils, each of which was so move as to be “cut” by the 

separately stretched in the form Kg copper conductor. In fact, the 

' of zigzags over wooden pegs induced electromotive force is 

against the face of a board. proportional to the number of 

'Phe A coil was joint'd to a magntdic lines cut per second, 

battery, the B coil to a galvan- Spark from a Magnet, 

omt'tcr. When the two boards tht'se splendid ten days 

were moved suddenly toward I'araday had harvested a crop 

lUK^ another the needle was facts, itt'w relations, and 

(l(‘llectt‘d ; when th(*y were new princijdes, tlestiued to im- 

rnoved asunder the ueedlt* was im*nse devt'lopment. He did 

deflected in the opposite direc- 46. iwraday s MAtiNiri’ not rest till he had shown that 

lion. 8oft iron electromagnets, KxrERiMKNT thes(^ induced currents could, 

when used in the same way like tlie currents from battc'iie.s, 

as the permaiu'iit magnets, al'^o pnnluced in- produce sparks and sho(!ks. A simple piece 

ductiv(? (‘fleets in a lu'ighbonring coil. Faraday of apparatus for generating a spark is depicted 

christened tin* phenomenon he had thus di.v. in 48. On the pok'S of a horse-shoe magnet 
covered by the name of ^ short bar of iron, 

netO’Chclric induction. v provided with handles. 

Faraday’s Primitive Around tin? bar is wound a 

Dynamo. On the ninth . Jk coil of wire, erne of the ends 

day of Faraday’s ex p(*riments .-.i. of which is conneetc^d to a 

he was able to const met a making contact 

“new electrical maebine. ’ lightly against a medal but- 

Borrowing the most powerful ton joint'd to the other end. 

compound magnet he could On suddenly snatching this 

procure, he aftixed to its coil off the magnet a current 

polos, in order to concentrnt<‘ is generated in th(‘ coil, and 

its magnetism, two pole- as the spring chat tei-s at its 

pieces of iron, set about in, contact with the mechanical 

apart. Into this jiolar gap. F " shock, the current manifests 

where the magnetic field was I its ])resence by a tiny st)ark. 

strongest, he introduced a Modern Commercial 

w heel or disc of copper, 12 in. Development. Faraday, 

in diameter and i in. thick, - . who devoted himself to 

fixed on a brass axis karaday s pi.sc pv.xamo pioneer rt‘search, did not 

mounted in frames .so that it I)ush the commercial applica- 

eould be iwolved. Against fhc edg(‘ and axis tions of his discoveries. “ I have no time to 
of tliis revolving disc ho pressed (‘olleetors of make money,” he explained. He ended this 
springy metal, and th(*se lie conneeted by wires (‘poeh-making research with the memorable 
to the galvanometer. Fig. 47 shows - \yords : “1 have rather, however, 

tli(‘ apparatus. On revolving the di.s<! ^ been desirous of discovering new facts 

by hand a curnmi w'as continuously ' and now relations dependent on mag- 

geiu'rated, which produced in the gai- nf'lo-electric induction than of exalting 

vanometer a .steady deflection. The the force of those already obtained, 

direction of this deflection was reversed being assured that the latter would 

when the direction of rotation was re- I And their full development hereafter.” 

versed. “ Here, therefore,” he records, I ■ That “full development hereafter” 

‘‘ was demonstrated the production of I we see in the thousands of dynamos 

a permanent current of electricity by alternators, magneto-generators, 

ordinary magnets.” motors and transformers w’hich furnish 

This was the first primitive dgnamo. light and power by electricity for the 

The name, however, of dyna mo-electric ^ use of mankind all the world over. It 

machine was not med till 18W. when ^ far quay’s was the self-denying genius of Faraday 
Brooke coined this phrase to connote apparatus made them possible. Faraday 

all machines of a similar character. ' died a poor man, for he refused to 

” A dynamo-electric machine will be one in patent his inventions, but gave them freely to 
wliich dynamic energy is employed to produce the world. 

an electric current.” • SILVANUS* P. THOMPSON 

890 


of its magiudism during use. the (*nergy which 
propelled the current must have been derived 
from the movement of the arm. It was the 
mechanical generation of a current by the ex- 
penditure of (‘iiergy rather than ^ 
any conversion of magnetism ^ 

into electricity. 

Faraday followed up this 
experiment by another with 
two coils, each of which was 
separately stretched in the form 
' nf zigzags over wooden pegs 
against the face of a boar(3. 

'Phe A coil was joint'd to a 

battery, the B coil to a galvan- 

omt'tcr. When the two boards 

were moved suddt'iily tow'ard 

!>n(^ another the needle was 

(l(‘flect(‘d ; wflien th(*y were 

moved asunder the iieedk' was 

deflected in the opposite direc- 46. farad. 

lion. 8oft iron electromagnets, expei 

when u.sed in the same way 

as the permaiK'iit magnets, al'^o produced in- 

ductivt? (‘fleets in a lu'ighbonring coil. Faraday 

christened tlie phenomenon he had thus di.'-. 

covered by the nanu^ of mag- 

neto-clectric induction. 

Faraday’s Primitive 
Dynamo. On the ninth J 

day of Faraday’s ex p(*riments m 

he w'as able to const met a M 

“new electrical maebine.’ 

Borrowing the most powerful 

compound magnet he could 

procure, he aftixed to its 

poles, in order to concentrnt<‘ 

its magnetism, two pole- 

pieces of iron, set about in, 

apart. Into this jiolar gap. F " 

where the magnetic field w'as I ^ 

strong('st, he introduced a 

w heel or disc of copper, 1 2 iu. 

in diameter and i in. thick, 

fixed on a brass axis ' faraway 

mounted in frames .so that it 

could be evolved. Against fhc (.*dg(‘ and axis 

of tliis revolving di.se ho pressed eolleetors of 

springy metal, and th(‘se lie conneeted by wires 

to the galvanometer. Fig. 47 shows 

tli(‘ apparatus. On revolving the di.s<! 

by hand a eurnmi w'as continuously ' 

geiu'rated, which produced in the gai- . 

vanometer a .steady deflection. The _ m 

diix'ction of this deflection was reversed 

w'hen the direction of rotation w'as re- B 

versed. “ Here, therefore,” he records, ■ 

” was demonstrated the production of B 
a permanent current of electricity by 
ordinary magnets.” 

This w^as the first primitive dynamo. 

The name, however, of dynamo-electric ^ 

machine was not used till 18W. when 4g 
Brooke coined this phrase to connote \ 

all machines of a similar character. 
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Division of Pulses. Rests The Theory 
of Transition. Major and Minor Modes. 

THE TONIC SOL-FA SYSTEM 


T hus are the individual full pulses of the 
various measures marked out. We have 
next to consider how the pulses themselves are 
divided and extended. Here, again, the same 
simple means are adopted ; for all time divisions 
and extensions whatsoever arc indicated by just 
three symbols — the dot, the comma, and the 
dash. A pulse is divided into halves by placing 
a dot in the middle of it ; into quarters by a 
comma in the middle of each half (for you must 
show the half division first) ; and into thirds 
(“ triplets ” is the Staff term) by two inverted 
commas. When a note is to be continued from 
one pulse into the next, the continuation is 
indicated by a horizontal lino (or dash). A 
little illustration may be made to include all 
these time forms : 

|d ;n .8 |d :r ji |f :s,f.n,f|8 :l,8,f j 

is I- 

The first measure introduces halves, the second 
measure quarters and thirds, and the last two 
measures show continued notes. Of courses the 
continuation mark docs not necessarily go always 
through a full pulse. Thus we may write : 

|d A \n : .r js ;-.f»n|r :d Ij 

where the continuation is for only a half-pulse. 
Similarly, a continuation may be carried into a 
third of a pulse, as here : 

Id |-,8,f:ar.nj8 : - I -,f<r:d | 

'There are, again, otlu^ forms of quarter division 
of the pulsc‘ besides the four notes of equal length. 
A pulse may. for example, contain a half-pulse 
note and two quarter notes, as here, where at a 
the half-pulse comes first, while at b the two 
quarters come first : 

(a) ih) 

|d .8 :n .r,n|8 .f :n.r.d !| 

Another very common time division is shown 
in the following illustration, where we have a 
succession of pulses, each containing a Ihree- 
(]|uarter and a one-quarter note : 

|d..r:n.,f|8..f:n.,rin.,8:f ..rid || 

This time-form is frequently mot with in 
marches and other music of a bold and swinging 
character. 

In advanced classical music many curious and 
minute subdivisions will be met with, the time 
notation of which— from what he has already 
learnt— the student will, as a rule, readily under- 
stand from the context. Special note should, 
however, be made of the way in which sixths, 
eighths, and ninths are written. The following 
illustration is taken from the authorised “ Tonic 


Sol-fa Time Chart,” which the earnest student of 
the notation should always keep beside him for 
reference . 


Eighths 

Sixths {Three Accents) 

:1 1 ,1 1 .1 1 .1 1 

:l 1 .1 1 .1 1 

Ninths 

Si.rl.hs (Tv'o Accml.i) 

a a a i 

:I 1 1 .1 1 1 .1 1 1 , 

! 

:1 i 1 .1 i 1 


Rests in Tonic Sol-fa are not indicated by 
characters, as in the Staff. The pulse, or part of 
a pulse, is simply left empty ; there is nothing 
in it to sing. Thus, at a there is a full pulse 
rest at the end of the measure ; at h a similar 
rest at the beginning of the measure : 

(a) (h) 

|d .t( :d ir : | :d .t| |d .r :n | 

Rosts may be of any length, long or short. A 
half-pulse rest is indicated by a blank space on 
one or other side of the dividing dot. Thus, in 
the first half it w ill appear as 

: .1 !1 .1 : .1 jl 

in the S(*cond half as 

|1 .1 :1 . [1 .1 :1 . II 

Quarter rests are just as readily indi(‘ated to 
the e3'e. For exam])!(‘, we see at once that 
here! 

: ,1 .1 ,1 I ,1 .1 ,1 

the first quarter is silent, while here 

:1 ,1 .1 , II ,1 .1 8 

the silence is in the last quarter. Silent thirds 
may appear at first to be less (dear. 'J'he 
following are the forms more gi^nerally met 
with : 

First 'Third Silent : il *1 

Second Third Silent .. .. :1 « J 

'Third Third Silent *.l »1 t 

Second and Third Thirds Silent :1 * < 

The whole matter of time-notation may seem, 
on first acquaintance, a little puzzling to the 
student. It is certainly much more original 
and novel than the notation of tunc. But it is 
founded on a skilfully conceived and wad I 
thought out system, and the singer will soon 
discover that there is less difficulty in theoreti- 
cally understanding the various sulnli visions of 
the pulse than in giving practical effect to them 
by his voice. 

One very important point has to be noted 
about the writing of Sol-fa time-notation It 
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was a point upon which Mr. Curwen laid great 
stress* and it is this, that each pulse in the same 
line of music must ocempy exa(;tly the same 
lateral space. Mr. (>ur\ven would illustrate his 
meaning by showing how in the Staff notation 
this rule is disregarded, as, for example ; 



• Here the measures and pulses fill very different 
spaces, according to tlu^ number of notes they 
contain. In Tonic Sol-fa they must be made 
(^qual, as thus : 



The pulses, to quote Mr. Curwen once more, 
are “ measured out, likt^ th(i inches on a yard 
measure, and the eye rapidly values the length. 
An experienced Sol-faist keeps time by judging 
the distance between the notes, only stopping 
occasionally to look at the accent marks ; and 
when through bad printing tlu^ pulst‘s are 
unetpial, he is completely put out.” In writing 
Tonic Sol-fa, then, see that the accent marks 
are e(piidistant, and that, mon^over, the 
medium accent and the weak actum t are of a 
size with the notes. The strong accent should 
be at least double the length of the medium. 
Here is a bad but common specimen of Sol-fa 
manuscript : 

Id • n / r . d.n| s • 1 It. 1 • s 1 

Should be written: 

|d :n |r :d .tn |s :1 |t .1 :s | 

Practically, the Tonic Sol-fa notation is a- 
notation which gives visual expression to tunc 
and time. It sets down tlui notes of the scale 
in its own peculiar way, and it indicates the 
lengths of the notes, also in its peculiar way. 
Beyond that, it may be said to correspond with 
the Staff. Its signs for staccato and legato, for 
example, are the same. '^Flms, when a note has 
to be struck in a short, disconnected manner, it 
is marked above with a dot.. If the staccato 
is to be crisp — very pronounced — a dash is 
used : in both cases just as in the Staff. 
‘‘ Holds,** again, are common to both notations. 
The sign ^ is familiar. It moans that the note 
is to bo “ held ** or prolonged at the will of the 
performer. Thus, a three-pulse Doh with a 
hold over it might bo madi^ to occupy the time 
of tivo pulses. The hold is of the nature of a 
rhythmical licence. Repetitions, again, are 
indicated, as in the Staff, by the use of “ Da 
Capo,” or “ D.C.,” meaning “ return to the 
beginning,” etc. In everything that relates to 
the expression of the music, to its manner of 
rendering as regards force apd intensity, soft 
and loud, fast and slow, etc., the two notations 
make use of common terms. It would thus be 
superfluous to repeat the information given 
under this head in the Staff notation papers, 
which the Tonic Sol-fa student may consult 
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with profit to himself. He will find in the 
glossary, which appears later, a list of all the 
musical terms generally used for the direction 
of singer or player. 

There is just one variation to bo noted in this 
connection. In the Sol-fa notation the sign for 
the slur takes rather a different form from that 
used in the Staff. In the Staff, when two or 
more notes are to be sung to one syllabic, a 
curved line is drawn over them. In Sol-fa, the 
plan is to draw a straight line under. So long as 
the lino continues, only one word, or one syllable, 
as the case may be, is to be sung. Thus : 

.S| d :d |d,r.n,f:s .d |r :r .n,f|n 

When Bri - tain first at heav’n’s com - mand. 

In the Tonic Sol-f. no .it ion there are no signs 
of phrasing, as in tlu' 8 aff. 

When a change of key occurs there is never 
any doubt about it in the Sol-fa notation. Let 
it premised that Sol-faists distinguish very 
sharply between transition and modulation. 
“ Modulation,” says the Staff theorist, “ is the 
passing from one key to another.** The term 
transition, be admits, ” is also used, though 
primapally to designate very brief modulations 
to keys not dwelt in.” The Sol-faist, on the 
contrary, makes transition refer to all changes 
of key whatsoeviT, transient or of lengthened 
duration ; while the term modulation he confines 
strictly to a change of moc/r— from major to 
minor, or vice versa. We will lake transition 
first, the passing for the time biung into a new 
key, where the old governing Doh gives up its 
place to a new Doh foundt'd on a certain note of 
the old key. Before explaining how the nota- 
tion expresses this, had better (‘learly under- 
stand the nature of transition itself. 

In a very short composition — a four-lino hymn 
turns for example— the composer may feel quite 
satisfied to remain in the one key throughout, 
though even in the shortest compositions 
transitions are ofUm found. In a longer work 
the ear of the listener gladly welcomes, if it does 
not actually demand, a shifting of the Doh on to 
some other sound than that w ith whii'h the piece 
began. In every instrument, as Mr. (\irwen 
puts it, there is only a certain limited range of 
sounds at the composer’s command, and he 
seeks to approach these from every point of 
vi(‘w, to clothe them in every colour, and to 
make his changes as pleasantly striking as 
possible. Mr. (kirwen insists that the pupil 
must be made, first of all, to feel the need of transi- 
tion. This is easily possible by directing his 
attention to certain melodic factors of transition 
in which Te and Fah, the distinguishing notes of 
the scale, play the chief part. I^ook at this 
little bit of tune : 

:d |n -.nlr :d f :f |n :r 
:8 :f Is I— 

Does not the ear instinctively feel that some- 
thing' is wrong about the next last note ? The 
ear wants the Fah to be a “ leading note ** to 
Soh — feels, in short, that the Fah ought to be 
raised a semitone, so that these two notes shall 
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Bound like a new Te Doh. Tf wc take It thus, 
then we have a simple transition whore thaSoh of 
the old key is turned into the Doh of the new key. 

This is the commonest of all transitions. 
Next in frequency is the transition which makes 
the old Fah into the 
new Doh, The one is 
called the firat shnrp 
remove ; the other, the 
first flut remove. The 
evolution of the process 
may be shown by takiniy 
our old Modulator for a 
centre, and writing a 
couple of little modu- 
lators by its side, the 
one having its Doh 
opposite th(' Soh of th(^ 
centre modulator, the 
other having its Doh 
opposite the Fah. 

Here wo se(i at once an 
explanation of the terms 
“first sharp” and “first 
fiat ’ ’ remove. When the 
old Soh b(‘comes the 
now Doh, the old Fah 
has to be sharpened 
(raised a “ little step ") 
in order to create a ru'w 
Te. Similarly, when 
Doh is sot against the old 
Fah. the old 7V has 
b(? tlattened (lowtu’cd 

little step ”), that th 
new Fah ‘may come 
rightly into place. 

8o much for what may 
bo called the theory of 
transition. We are now 
prepared for an explana- 
tion of liow transition is 
written. Tt is an ex- 
(^eedingly simple matter. 

When the transition is 
very short indexed, the 
new tone is written as a (.'hromatic note — fc, fa. 
(*tc., as the case may be. Thus, the last six 
notes of the above illustration might be written: 

:r :s \ :fe is : |- || 

But even here, and at any rate in the case of 
all lengthened transitions, the “ better method ” 
is adopted of vriting in th<^ now key. The 
passing over into this new key is indicated by 
means of what is called, very appropriately, 
a “ bridge-tone.” A small note indicates the 
old key and the usual si/e of note the new. 
Thus, if the old ^Soh or the old Fah is to become* 
the new Doh, the notation will show it in this 
way: •d fd 

Our previous illustration would therefore be 
written as follows : 

Key F. Key C.t. 

:d |n '.nlr :d |f :f |n r's | 

11 :d' Id' :t |d' H 


d' 

f 


t 

n' 

1 

1 

r' 

8 

s 

DOH' 

f 


TE 

n 

f 



n 

LAH 

r 

r 

SOH 

d 



t, 

d 

FAH 


t, 

ME 

1. 

1. 

RAY 

S| 

S| 

DOH 

f, 


ti 

Hi 

f, 



Hi 

1. 

r. 

r, 

S| 

d, 


The indication “ Key C ” shows the new key 
\vhich is entered, and the “ t ” following it points 
out the name of the new sound not in the 
old key which it is necessary to introduce. 
Similarly, if wc pass from the key of F to 
that of B flat, as here : 

Key F. 

:d jr :n |f :1 

jf :n |r :d 

the “ f ” at the left sid(‘ of the new key-name 
.shows that Fah is the sound that was not in the 
old key. This pointing out of the n(‘W tone is 
entirely for the guidance of the sing(*r’s ear. 
.And, indeed, in the letter notation, it is the 
.singer’s convenience that is consulted first. 
'Phus, at tlu*. n^turn to the former key, flu* 
bridge-tone is always placed at the ])oint" where 
it can most ri‘adily assist the singer, wlu;lh(‘r 
that corr(‘sponds with the actual theoretical 
change or not. 

It is hardly necessary to say that transition 
is not always made to a key of one “ remove ” 
from the prevailing key. This fact tlie student 
can bring home to himself by constructing a 
motlulator, not with one other modulator on 
each side, but with six or seven tnodulators on 
each side, each modulator in its turn taking the 
previous motlulator’s Soh or Fah and placing a 
Doh opposite it. Thus, having s(?t down one 
modulator on the right side* of tlu^ centre modu- 
lator by placing its Doh opposite the old Soh, h(» 
can deal similarly with the second modulator 
by placing a Fah opposite its Doh. and so 
creating a third modulator. A like process can 
be adopted for the left side. Kach now modu- 
lator will r(.‘pre.sent a new k(‘y with a now tone 
not found in the modulator that preceded it. 
Well, w'e often come upon tnmsitions in which 
tho intermediate k(*ys (modulators, let us .say) 
are skipped over, so that the new key may 
require, not oiii*, but three or four new scale- 
notes. A .single, example of tins will sidPice : 

Key C. s.d.f. Key hP. 

:d':-|t It :-id'ete. 

Here is a transition which pas.ses ov^jr two 
keys. The original key, observe, is C. Thus, 
to reach 10 flat, we have to skip altogether the 
intermediate keys of F and B flat. More 
distant “ removes ” are much u.sed in modern 
music, where the tonality has often a tend(*ncy 
to continual shifting. 

Now we are in a position, to take up the 
subject of modulation. Most people who know 
anything at all about music know that there is 
.some distinction between the so-called major 
and minor modes. Briefly, a “ mode ” arises 
from tho prominent use of one particular note 
in a composition. Thus, if a piece begins and 
ends with Doh.^fxnd all through has J)oh as a 
sort of central pivot, it i.s said to be in the 
Major .Mode. If, on the other hand, it takes 
Lah for its dominating note, it is said to be in 
tho Minor .Mode. The distinctive terms Major 
and Minor are derived in each case from the 
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third above the dominating factor. The third 
above Doh (me) is Major, hence the mode which 
recognises Doh as its “ governor ” is a Major 
Mod(5. Tn the same way, the Lah mode is a 
Minor Mode, because the third above Lah (doh) 
is a minor third. 

Formerly, they used to have modes founded 
on every note of tlie scale : national folk-songs 
still survive in the Hay and Soh modes. But 
in nuxlern music only two modes — the Major 
Mode of Doh and the Minor Mode of Lah—kxrei 
recognised. Tlie old minor mode of Lah wa.s 
simply the unalt(‘red scale found<*tl on that 
note : 

1, ti d r n f s 1 

'I'hus, we have the Scottish air “ John Ander- 
son, my Jo " ending in this way : 

:1. jHi :li 1, :s, il, | 

But the modern Lah mode is different. It is 
partly a concession to the exigencies of harmony, 
partly a concession to the modem ear, which 
iuid got so accustomed to the prevailing major 
mode, with its half-tone (te) below the key-note, 
that it did not take kindly to a mode with a 
whole tone (aoh) below its key-note. Hence, the 
Aoh was sharpened so as to make it a semitonic 
leading-note to Lah. The result was ; 

1, t( d r n f se 1 

the se taking the place of the old soh. But here 
a new difficulty presented itself. The leap from 
Fall to Se — a tone and a half — is by no means 
an agreeable progression ; and so the Fah is 
often raised to make a smoother melodic int-crval. 
What shall we call this sharpened Fah ? It will 
not do to call it /e, for je suggests the lirst sharp 
key. So, in Sol-fa it is called ha (pronounced 
hay), an 1 to save space is occasionally con- 
tracted to b. rt is a note artificially introduced, 
remember, having no existence except in con- 
nection with Se in the minor mode. The final 
result, then, is this ; 

li ti d r n ba se 1 

There are thii> three forms of the minoj* 
seale ; two of them diatonic (moving by tones 
and hhlf-tones), hut differing as to th(‘ place 
of the semitones ; the tliird chromatic — tliat 
is, introducing chromatic intervals and con- 
taining three semitones. 

The Sol-faist takes a v(»ry ditferent view of 
the minor mode from the Staff notationist. 
The latter regards the minor mode as an inde- 
pendent, though “ relative,” scale ; the Sol- 
faist, on the contrary, regards it as merely 
another form of the major scale — a “ mode 
of using the scale of Doh, Thus, while the 
Staff notationist speaks of the separate keys 
of C major and A minor, the Sol-faist looks 
upon them as practically one, key ; A minor, 
in his view, being merely a “ mode ” of C major. 
Hence, in giving the pitch-note of the key, 
the Sol-faist always places Doh first; so that 
when the Staff not-ationist says “A minor,” 
the Sol faist says “ Key (\ Lah is A.” In short, 
the Sol-faist gives the pitch of both Doh and 
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Lah. To a beginner, the whole subject of the 
minor scale or mode presents very considerable 
difficulties ; in Sol-fa the difficulties are perhaps 
rather less than in the Staff. In either case they 
are theoretical rather than practical. 

Mention has been made of “ chromatics.” 
Tliese are practically the equivalents of the 
accidental sharps and flats of the Staff. Com- 
posers, says M^r. Curwen, often use an effect 
which is derived from the pleasure that thje 
car takes in transition. They introduce a fe or 
or sumo other note wliich leads us to expect 
a transition, and instead of changing the key, 
they contradict their intention and remain in 
the original key. If fe is the mwv tone in a 
“ sharp ” transition, it is manifest that if fah 
follows it immediately the old key is reaffirmed, 
and fe blotted out. So when fa is the distinguish- 
ing note, if we pass on to te we reassert the old 
key. This treatment is called ” chromatic, ” 
to distinguish it from ‘‘ tiansitional,” though 
it must be observed that then* are chromatics 
which do not netsessarily even suggest a change 
of key. 

Tn the Sol-fa notation the names for the 
sharpened and flattened notes of the scale are 
shown hero, first in a^seending, and then in 
descending : 

d de r re n f fe s se 1 le t d' 

d‘ t ta 1 la s fe f n na r ra d 

It is necessary, of eoiirs(‘, to wTit(‘ these 

chromatic notes in full, so as to distinguish 
them from the corresf)onding diatonic^ note. 

Thus far we have dealt with 'ronic 8ol-fa 
chiefly as a notation. But it is much more 
than that. Sol-fa has a method of teaching 

which is, in sevt'xal re.spccts, peculiar to itself. 
For instance, great stress is laid on the mental 
or emotional effects of the individual notes of 
the scale. Doh is recognivSed as tirm and bold ; 
Soh 08 bright and trumpet-like ; Me as calm and 
restful ; Lah as sorrowful and wailing : Fah as 
ilesolote and awe-inspiring ; Ray as rousing ; 
;iad Te as shrill and })iereing. (Ireat pains are 
taken by Sol-fa instructors to impress thase 
emotional effects on the minds of pupils, and 
practical experiment is every day proving that 
their recognition is a very groat help to the 
correct singing of the notes. Of course, the 
effects described apply strictly only when the 
notes of the scale are sung or played •jklowly. 
A quickly moving rhythm and certain forms 
of accompanying harmony ratw each greatly 
modify the individual effects. Thus, the minor 
mode, which sounds sad and solemn in a measured 
movement, may be made to sound quaint and 
jovial wheq sung rapidly. 

Out of these mental effects may be said to 
arise another special feature of Sol-fa teaching — 
namely, the use of manual signs for the various 
notes of the scale. Thus, every manual sign 
endeavours to suggest the emotional charac- 
teristic of the tone for which it stands. The 
clenched fist typifies the firmness of Doh ; 
the restfulness of Me is indicated by the flat 
palm ; the rousing character of Bay by the raisecl 
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palm ; and so on. 'riiosc signs, which we here 
reproduce hy [KTmission of M<‘ssrs. (^urw'cn 
& Sons, arc much used in popular classes, 
(‘ither when th(‘ t(‘aoher dc'sires to remind his 
pupils of the mental cirects just desi'rihcd, or 
in voice exeicis(‘s, when it is desirable that the 
singer’s attention should not be distracted by 
having to look at book t)r modulator, A system 
of manual time-signs is much less used', 

A third feature of Sol-fa teaching is the 
.separate study of tune and time, 'Pune is 
taught first from the modulator, and then time 
is taught by itsedf, largely by means of a set of 
‘‘ time-names,” the improved invention of a 
Frenchman, M, Aime Paris, It would occupy 
a great deal of spaci^ to give a complete list of 
these time-names, with the corresponding nota' 
tion. The following illustration introduces the 
rhythmical forms most frecpicntly met with : 


Id :n Is 

I Tiiu Tim ! TiU'i • ait 

|n .f jr 

: TiCi ■ lui 1. 1 1 : T.m 

is :n |d',s.n 

1 Taa Ta,'s 1 Ta fa Tii 


s .n :1 .d' s 

1 r.i t Tal TiiaTai ! Tiw • au 

:d,t|.d,rjn : 

ta fa tc ffr | Tu.i S.i.i 

:d,n.s |d 

ta fa Ttii 1 Ta'i - aa. 


In applying these names to his early exercises, 
the Sol-fa pupil sings them on one tone till ho 
has mastered the time, and only then does he 
try to combine the tinic with the tune. The 
value of the method for beginners is obvioii.s. 
It gives them a contidence which they could not 
possibly acquire so soon in any other way. 


Much more might he said about the Sol-fa 
method of teaching if om* had “ ample room 
and verge enough.” Mr. Curwen has admirahly 
summed it up in a few words: ” To let the easy 
come before the difficult ; to introduce the real 
and concrete before the ideal or abstract ; to 
toach the elemental before the eompound, and 
do one thing at a time ; to introduce, both for 
explanation and practice, the common before 
the uncommon ; to toach the thing bidoro th(* 
sign, and when the thing is apprehended attach 
to it a distinct sign ; to let each step, a.s fai* 
as po.ssiblc, rise out of that whicli go(‘s befoi’e, 
and l(‘ad up to that which eoim s after ; ami 
la.stly, to call in the imderstanding to assist 
the skill at every step." Thes<' principles lin 1 
their most ('xhaustivf* (‘xplariatifui in ‘‘'PIk^ 
'Peaelicr's Manual of the Tonic Sol-fa Method.” 

In studying hanymtu/ [see 'PuEfU<Y of Mrsic] 
the Sol-faist uses a chord-naming notation of 
his own. In the Staff the chords are indieat(‘(l 
by system of figured basses. In Sol-fa the 
nomenelature corresponds in simplicity with 
the nutation of tnn Faeli chord of the* scak‘ 


is nam(‘d by its Sol 

■fa ini 

tial lett(‘r, iwinted 

a capital, as here : 

n r 

d 

r 

n 

8 t 

1 

1 

1 

d s 

f 

f 

d 

d 8 

f 

r 

1 

D S 

F 

R 

L (*te. 


In the minor mode thc^ chord ca]>it ils 
printed in italics. (Uiords in their din'ct form 
that is, with the root in the hass, an* said to he 
in the a position, but in the nomenelature tin* 
a is always omitted. The further positions 
(invf'rsioin) an* indieati*(l by the lettfU’s />, c, d, 
(*le. , as the ease may h( Tims 
a n s r 

s 8 r t 

d d 8 8 

n 8 t r 

Dh Dr Sf Sr etc. 

The minor dominant chonl — pi. 8*5, P. t — 
is known as »-M. When a seventh, a ninth, or 
a fourth is added to a chord (remem liei* that a 
common chord consists of root, third aiMi lifth). 
the fact is indicated by a little figure at tin* 
upj)er left-hand side of the* chord -naim* ; 

etc. 

Pa.ssing noU*s, again, are indicated hyan italic 
p printed under the chord-name -p only when 
the parsing note is dissonant, rp when consonant. 

Such arc the general principles of the Sol-fa 
notation and method of teaching. For minute 
details it is necessary to consult the published 
manuals and treatises of the Tonic Sol-fa Pjv* 9 s, 
in particular ” The Standard Course* of I><'ssons 
ana Exercises in the Tonic Sol-fa Method of 
Teaching Music.” The Staff notation musician 
who desires to study the notation in comparison 
with and from the HfK*eial point of view of his 
own notation saould see “Tonic Sol-fa,” by John 
Curwen, in NovelIo’.s ** Music Primers ” series. 


A valuable eeriee of teebatcal Sietioaariea, eaplaiaiog epceial ter a* aad pbraset, appears at the ead of the Self-Educator. 
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GROUP IS-MANUFACTUR ES ‘ THE WORKSHOP OF THE WORLD CHAPTER J 

The Rearinji of Silkworms. The Crop. Adul- 
teration. Artificial Silk from Wood Pulp. 

SILK— THE QUEEN OF FIBRES 


S ILK retains its title of tlie queen of fibres, 
but it is mucli less exclusively an article 
of luxury than was formerly the case. In the 
Western world its principal use is in making 
mixed fabrics saleable to a large public at a 
moderate price. Under the conditions of life 
in the East silk is rather a lu'cessary than a 
luxury, and silk, therefore, is still distinctively 
an Oriental product. 

Four-fifths of the commercial crop of raw silk 
is shipped from tlu? Far East and Levant. This 
statement takes no account of the very largt^ 
native consumj)tion in Asia or of the manu- 
factured silks such as reach Europe from .Ja])aii. 
The Western manufacturing world, represen t('d 
by the countries of Europe and North America, 
absorbs curn'iitly a commercial crop of about 
2.5,000 tons of raw silk, of which about 11,000 
come from Japan, 7000 from (liiiia, 4000 from 
Italy, and 2.‘{(KJ from the eastern end of the 
iVlediteiTanean. 

Raw Si IK. it is necessary to be clear jis 
to the meaning of the words raw silk, or raws, 
as the article is often called. On the analogy 
of raw cotton or wool the term might be suj)- 
jio.sed to indicate the cocoons; but, as a fact, 
it implies silk reeled or unwound from tin* 
co(ioons and put into a form suitable for furth<‘r 
working. The work is dom^ to a small extent 
and in rather a rough fashion in small reeling 
(‘stablishments in the Eiist, but is more gener- 
ally and much better efiected in th(^ large, 
st('ain-heated filatures or factories. 

The Cultivation of Silk. The natural 
proces.sp.s by which silk is seereled by an insi'ct 
are widely known, but an outline of them will 
cle ar up some matt('rs of moment in connection 
with the manufaeture. For its cultivated silk 
tlu‘ world is indebted chiefly to worms of the 
orfl(‘r of Bomh}fcAda\ of which there are some 
hundreds of species. The Bombyx mori is tlic* 
typical one, and its culture begins with the, 
(collection of eggs from selected moths that have 
been allowed to develop to maturity and bn*(*d. 

These eggs are so small that a single oum^e of 
them will jiroduce about 35,(XK) w'orms, and so 
well encased that they can be kept at low tem- 
perature for an indefinitely long lime, to be 
incubated by heat when the natural food of 
the silkworm is ready for consumption. This 
food is the mulberry leaf, of which vast weights 
are consumed by silk growers. The eggs are 
placed upon trays in specially constructed, airy, 
and warmed apartments, and arc covered with 
paper sheets pf rforated with small holes. The 
W’orms hatch out in a few days, and the larvae, 
in squirming through the holes in the paper in 
their struggle to reach the light, free themselves 
of the remnants of shell or egg-casing. They 


begin at once to feed upon the tender leaves 
provid(*d for them, and continue to cat raven- 
ously for the three or four weeks of their larval 
stag(‘ of existence. 'JJie ^u’oocss of feeding and 
growing is interrupted by periodical moultings, 
during which th(‘ worms are esi>(‘cially suscep- 
tible to outsid(* influeiK'c.s such as noise.s. Having 
attained maturity, they cntcT ui)on the chrysalis 
form ; or, in othi'r words, bc'gin to ])roduce silk. 
Attaching thems(dves to twigs, or inserting 
themselves betwt'iMi two or three leaves, tlu^y 
wreathe their w(‘b around thcjir own bodies. 

The Worm and its Products. The worms 
are jwovided with glands extending along each 
side of the body, and discharging tlieir secretion 
from a single orilii^c, the spinneret, upon the 
under lip of the worm. The fluid fornmd in tlmso 
.sacs .solidities in contact with air, .and the 
separate formation of each stream or brin, 
united by passing through one jet into a single 
tilanumt or bare, can b(^ seen upon raw silk 
through a powauful microscope. Tlu^ brins ar« 
e(ja((‘d out.side with sericin, a compound .soluble 
in water, wdiieh in commerce is spok(m of as 
gum. The insoluble part, or silk, is known to 
science* as fibroin. A coarse silk is d(*posited 
on the outside of the cocoon, and a very fine 
and frail .silk, too tender to be reeded off, upon 
the inside of the cocoon. 

The r('(‘lable silk is limitixl to the intermediate 
layer.s. and one cocoon provides from 500 to 
yards of this mat(*rial. The outer layers, 
with their adheri'iit .sticks and leaves, are 
stripped and sold as blaze or wadding. The 
clean but coarse husk, or knub, unsuitable for 
continuous it'cling, but still capable of being 
spun in a similar manner to w'ool, flax, or cotton, 
is put aside and .'^old as waste, as is the silk 
that is broken or tangled in the reeling jirocess 
'rile (plant ities of raw silk and of waste produccQ 
are about equal, and, on the average, less than 
ten per e(‘nt. of eairh form of silk is ])r(jjLluced 
from a giviui weight of fn^sh cocoons. Left to 
themselves in a favourable temperature, the 
pupa? bore th(‘ir way out of the cocoons and 
emergii as winged and gaily coloured moths. 
Only those worms selected for br^-eding are 
allowed to survive, because pierced cocm)ns are 
u.s(5le.ss to the silk r(*eler. The worms inside 
cocoons intend(*d for the market are put to 
death by steaming or baking. 

The Influence of Leaf Food. The 
operation of rearing worms is not a kmgthy one, 
for the worm begins to s])in in one month from 
the date of hatching, and the cocoons arc com- 
pleted in three oi^four days. It requires, how- 
ever, attentive^ suj)(*rvision and a large amount 
of^ labour. The 30,00() worms that come to 
maturity from om^ ounce of graine, or seed, 
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need about one ton of ripe leaves to sustain 
Ihom in their larval stage, and these leaves luwe 
to bo gathered and examined to see that they 
are clean, dry and wholesome. The yield from 
all this provender is about 12 lb. of raw silk, 
and a similar amount of valuable silk waste. Tlui 
cultivated worms fed upon mulberry produce 
the white and ycdlow silks of commerce. There 
are also tlie wild varieties, feeding chiefly u})on 
oak leaves, and producing the brown or iuftmh 
silks. The produce of a number of ditlerent 
varieties of worms is known by this name, and, 
in general, their silk is coarser and hai’sher than 
that of the cutivated type. As tussah fetches 
low^cr prices in the market, the d<‘liberate culture 
of these W'orms does not pay. Kxperience* in 
attempting to r(*ar silkworms in Kngland and 
America has sIkjwu that commercial suc(iess can 
only be reached wh(‘i(‘ labour is clu'ap, and for 
this reason, rather than from climatic causes, 
Asia and Italy arc left to pnu idc the main supply. 

The Treatment of the Cocoon. The 

havBy or individual filament of cocoon silk, is 
too delicate for unsuj)ported use, therefore the 
raw silk of commerce is made by combining a 
certain number of these filaments together as 
one thread. In the first place, the gum which 
binds the silk in a com])a(^t mass has to be 
softened, and in the best lilaturcr. this is dom* 
in the boiling machine. 'Jlie eoeooiis, paeke<l 
in perforated boxes, arc immersed in wafer 
which is kept at a high temperature by steatn. 
They are transferred them in a loose state to 
the boating machims and are i)ressc‘d u[)on by 
mechanical brushes which remove the outer 
husks. When the machine is stopped tin* 
brushes rise, and the operative finds the end 
of reelable silk clinging to the bristles. As 
many cocoons as needed to make the thick* 
ueas of raw silk requirt'd are put into the basin 
of the reeling machine, in which tht*y float. 
The number of cocoons taked may be as few as 
four or as many as twenty. 

SilK Sizes. The silk is madt' to deniers^ 
a count or measure of fineness of Trench origin 
recognised throughout the silk trade. The 
denier is an old standard of weight ( = *0531 
gramnws), and the number of deniers contained 
in a length of 4()(.) aune^i (- 470 metres) dc- 
nominalt's the fineness of Frt*nch raw silk. The 
denier standard varies slightly in different 
countries, and the intermfional denier is based 
on the number of grammes weighed by 
skeins of 450 metres. The dra7n measure is 
more freely used in English practice, and the 
dram count equals the number of drams weighed 
by a hank of 1000 yards. 

Forming the SKein. The threads drawn 
from the floating and softened cocoons are 
brought together by being passed through an 
eyelet above the basin of the^ reeling machine, 
and the combined threads are led through a more 
or less complic ated series of eyelets before being 
M'oimd upon the mdfts or arms of the hexagonal 
reel, wlv^re a skein is formed. In the best 
filatures the path of the thread through 
glass eyelets and over round rods is a very 
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intricate one, and in course of its passage the 
thread i.^^ led back and around itself. The silk 
thus receives a great deal of smoothing and round- 
ing, and its constituents are well bound together 
and freed by friction from many irregularities 
before the thread is formed into the skein. 

In more primitive systems the cocoons are 
softened by being hand-boaten with twigs instead 



of by luuclianical brushes ; and in rci'ling the 
silk d(‘s( ribcs a less roundabout path to its goal, 
in llic simph' tyi>e of apparatus illustrated 
tht^ ends of silk from the several cocoons pass 
through a ring or o[)ening in a metal plate, and 
over a wheel (A), under a. wheel ( B), and on tt) a 
reel ((J). At the point (D) the thread is crossi'd 
a f(;w times around itself to mould the filaments 
W(‘ll togcllu'r, and remove surface defects. 

Silk ret'led in this or in a more primitive 
manner in China is given tlu^ name of Tmike. 
There arc different qualities of Tsatlei's, but all 
this silk is troublesome to w'ork. 

Re»reeled SilR. This once-reeled raw silk 
is often re- wound from one reel to another, and 
in transit from one to the other it is passed 
through a series of cleft wooden guides. Those 
cat(4i projecting irrcgularics upon the yani, 
and when tin* faulty places have been removed 
and the whole has been re-wound, the silk is 
H])okcn of as re-reeled. Most silk is now^ re- 
reeled, or is produced in filatures upon machinery. 

Wc have already seen that in ditferent parts 
of tltc cocoon the have varies in thickness, and 
it will be understood there is a material difference 
between threads composed of six strands all 
from the outer portion and six ends all from 
the inner portion. Such a thread is thicker 
in sonu* parts than in others. What is wanted 
is as smooth and equal a thread as possible, 
for a rough, unequal one either ]pjures the 
appearance of the finished goods or sets uj) 
delays and trouble in the subsequent processes 
by which the raw silk is brought into fit condition 
for weaving. Silk throwsters, who manufactun^ 
organzme or warp and tram or weft, out of the* raw 
silk obtained from the reeler, can deal with 20 
or 30 lb. of high-class Italian filature raws in the 
time it takes to deal with 10 lb. of Tsatlees. 

Silk manufacturers import a considerable part 
of their net silk or ?i€at silk in the thrown state, 
but of such as is bought raw about three-fourths 
is from China, from whence the whitest, and 
brightest silk is procured. The words net or 
neat are used in contradistinction to waste 
or spttn silk — net silk lieing that which is reeled 
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continuously, and spun silk that wliich is spun 
from the waste fibres. 

Descriptions of Silk. In the silk tnwlc 
a specially limited meaning is implied by the 
word China. China silk means silk from the 
North, shipped from Shanghai. The Southern 
Chinese silks are always called (Utntons, aftcu- the 
port of shipment, and they are gencTally less 
white in colour than the silks of the North. 
The yellow Seyehuen silks ami the coarse Hang- 
chow and Kahing silks are shipped from 
Shanghai, and so are tlu^ brown tiismksi. towhudi 
reference has been already made. These, however, 
are distinct articles, separate from th(‘ piirt^ 
white Chinas, for which the North is N\orld- 
famous. The skeins of China silk formed upon 
the reels are spoken of as slips, and several of 
these skeins laid together form a nios.-^-. f wehe 
mosses folded over in book form constitute a 
book, and there arc twelve such books in the 
regular China bale (100-104 lb.) of raw silk. 

Japanese raw silk, although it is a larger item 
than Chinese in the world’s silk supply, is 
comparatively little used in England, most of it 
going to the United States. Only about seven 
and a half ])er cent, of t he raw silk imported into 
this country comes from .Japan. 'I’he Japan 
silks are all re-reeled or filature -made*, and they 
an' of a greyer east of colour than Chinas. They 
also are graded by number, and under ])ri\at(‘ 
trade marks. 

East Tndian silk was at one time the material 
principally used in this country, and was obtain- 
able under a lower rate of import duty than 
foreign silk. The consumption is now much 
smaller even than that of Japan silk, and its use 
is confined to a few special purposes. The chi(*f 
variety is Btnfjah, shijjped from Calcutta. The 
bulk of the silk is of a strong yellow colour, 
which, however, disappears in boiling, and a 
smaller proportion of the cocoons are white, 
'riireo crops of Bengal silk are obtained in a year, 
and tho raw silk is sold as March, .July or Novem- 
ber bund, according to the season of growt h. 

European SilK. Euroi)ean silk ranks 
next to Chinese in English use, largely been list; 
of tho intelligence that lias been bestowed uikhi 
the roaring and handling. The cocoons are 
produced in a more cleanly manner than the 
Chinese, and the filatures arc well appointed with 
modern machiiu'ry. A larg(.‘ part of the European 
silk in^ported into England eoines from France, 
where there arc about 100, 000 rt'gistercd silk 
growers in receipt of bounty from the Govern- 
ment upon the cocoons harvested. They raise 
from 10,000,000 to 18,000,000 lb. of cocoons, and 
the 200 odd French reeling mills produce from 
these 700,000 to 1,400,000 lb. of raw silk. The 
produce is marketed at Lyons, and is raised in 
the neighbouring country from the Pyrenees to 
the Cevennes. 

IVlilan is now the oliief European raw silk 
market; and Lombardy, Venotia and Piedmont 
the three chief sources of Italian .silk. 'I'licre 
are nearly 700 reeling mills in Italy producing 
silk generally rich in lustre and yellowish m tone. 


Their silk fetches higher prices than tho Far 
Eastern raws, and it Is graded into four cla.sses, 
respectively defined as extra dmsical, classicah 
sublime, and common. 

The silks from the Balkan countries, Persia 
and A.sia Minor, ])lay a very small part in British 
industry, ami of the Le\ ant silks the best known 
are Brussas (Asia Minor). 

Silk Waste. All silk reeling mvolve.s the 
production of silk waste; Iht* spinning of this 
material into yarn is a much larger business 
than silk throwing in this country, and it em- 
j)loys some 10, (HK) liands. la'gc'nd has it that the 
utilisation of silk waste' rt'sted undis(‘overed until 
1857. Imt it is certain that waste* has bee'u spun 
in English faeteu’ies for 150 ye'ars, and silk waste 
has be'cn import e*el for at le*ast three centurie's. 

J'he' spinner buys the waste* procee'ding from the 
basins of tho reeling mill, atul this, along with that 
formed in reeling and re-rceling, const it ute's the 
main supply. Use is made* also of the so-callexl 
ffum-ivastes^ the> by-])rofluet of silk throwing, but, 
this material is comparatively scarce. ()f l^ilt^ 
yc'ai's (he main source* of supply to British 
s))iune*rs has bi“t*u the filatures of Northern 
Uliina, whose* waste is i*alled steam waste, and is 
sefiel eithe‘r as unojwmd e>r opened, aceoj’ding 
as it has or has not be*(‘n put through a ]>rocess 
to te*ar the* gummy mass into a loose*!* eouditioii. 
Some* kimlre*el w^eistes from the same* e’ountry 
Jrisons, or cocoons which have bee‘n roughly 
0|)ened without being rctJed ; curlics, a matted 
sort of silk wastes ; punjum books, the most, 
lu.strous of wastes and called books b(;caiise the 
W'usto is foldeel over in the same*, manner as 
Chinese raw silk. The coce)ons pie‘reed by the 
breeding jnolb are rc^served for silk spinners, 
but are* not largely use‘el in England. 

The me)st important e)f the spe*cial wastes is tho 
wild tussfi/i, e*xtensively use'd for making plush 
goods, and it lias more tluin once ha])pened that 
tussali waste has fetched high(*r pri(^e*s than 
tus.sah raws. Although eallecl waste, much of 
the material fetches two or threes vshillings a 
])ound. IJie^ wastes are* collected with eaie^ in 
Fhina ami arc brought to the ports, where they 
are* bought and closely inspected by the silk 
inspectors of the large* nie'ichant firms. ^ 

Japan is the large‘st wa'-^tej-produe ing country, 
ami iuereasing quantities from this source arc 
being used by tho English spinners. 'Phe* Kikai 
Kihizzos from the. large filatures are the best 
evsteeined Ja}»am‘se material. Waste is bought 
from other countrie^s at prices varying with the 
strength, lustre, colour, and cleanliness of the^ 
material, and preference is given to such j)arccLs 
as are free from cotton and h’om hairs. As it is 
employed to make yams which often cost oyer 
t45n shillings a pound, tho desirability of avoieling 
faulty material is obvious. 

The Treatgient of Waste. Wastes is 
u.sed in England to make yams from which the 
natural sericin or gum i.s removed by boiling ; 
such yarns aro .spoken '»f as JuUy discharged. 
Upon the Continent the* waste is not boiled, but 
.subjected to a process of fermentation to loose n 
the gum, which Is then removed in part by a more 
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or less prolonged waihing. The*«>e yams are 
called schdppe, and they serve some purposes 
distinct from those for which the clean, strong 
and lustrous English yams are taken. Scdiappc 
yarns contain gum in proportions varying from 
a nominal (piantity up to about twenty per cent. 
They are darker in colour and are oifton made 
with silk of short (T libn? tlmn English. Some 
of them arc chc'ap and, owing to tln' presence Of 
a proportion of gum. the' yarn can bo spun to 
high numbers with little irregularity. 

In putting w^aste silk through the fwocesses 
which convert it into yarn a certain amount of 
short-fibred silk or lin'd is rejected. These noils 
can be re-combed wbi'n the length of their staple 
makes the process Morth while, ami the longer 
fibres thus recovered are made into cheaper classes 
of spun yarn. The short-fibred silk left over 
from combing is known as exhaust noil atid is used 
sometimes by woollen spinners to create special 
elh'cts in tweeds. The noils are also sjam by 
noil spinners to make coarse silk clot hs for wiping 
macliinery and bags for carry i!ig ammunition. 
These articles, when worn out, can bo shredded 
and used to make coarse cloths again. 

Artificial SilK. The product known as 
artificial silk is not silk at all. Its ch(‘mieal 
nature is quite dilTerent, and whereas real silk is 
the strongest of fibres, the artificial silks are the 
weakest in present toxtikj use. 'rhree kinds of 
artificial silk are in use -the uitro-ceUuJose or 
Ghardonnet silk, made by dissolving waste cotton ; 
the cupro-ammonium silk, also made from a base 
of cotton ; and the viscose silk, made from wood 
pulp. All three have a supernaturally bright 
lustre, and the tirst two have their use principally 
in making trimmings and a,rticlos not subject to 
friction in wear. Viscose silk is both the 
cheapest to produce and the one wliich best 
resists the rough treatment receiv<‘d in weaving 
and finishing cloth. 

Artificial silks are made by squirting solutions 
through fine jets and immediately solidifying 
these streams of jelly. The tilaiiK'nts thus 
formed are coinbiued with others to make a 
serviceable thread, much as the threads from 
various cocoons are combined into one in reeling 
raw sjjlk. Probably *0000 tons a year of this 
material — or about one quarter of the quantity 
of raw silk eni|)loved in tlu' Western manufac- 
turing countries — are now being used in textile 
industry, lii manufacturing artificial silk yani a 
quantity of waste* is made, and uses have been 
found also for this. The broken yarn, is fed into 
an opening machine, which teases out the indi- 
vidual filaments, and when spun along with wool 
this waste creates novel effects in fancy goods. 

Demerits of Artificial SilK. The suc- 
cessful prosecution of several traders for sell- 
ing artificial silk goods as “ silk,” ” art silk,” 
“ Colonial silk,” and other names suggestive of 
the natural article, helps to emphasise the 
differences between silk and the chemical sub- 
stitutes to which its name has been applied. The 
largo consumption of artificial silk that has 
sprung up in the last ten years does not neces- 
lariiy projudi /e the sale of the genuine article, 
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lor the merits of the two are distinct. The 
chemical silk has a high lustre, but this feature 
is contingent upon having the yarn very loosely 
twisted, a condition which is not at all favour- 
able to good wear. 

Pure silk is little affected by wotting, but water 
destroys almost the whole strength of the arti- 
ficial article. Pure silk dyes evenly to all 
shadtis and the colour stands fast, but artificial 
silk is g(^n(*rally uneven in colour if dyed. 
Artificial silks arc made that will boar w.nshing, 
but when washed the colours hlee.'U and white 
artificial silk knitted — for example— along with 
wool into stockings is discoloured in washing by 
the dye of the surrounding wool. The material 
will probably bo improved as time passes, but 
the gulf between real silk aiid cellulose is one 
that can hardly ever be bridged. 

“Weighting” SilK. The good name of 
silk has been itself prejudiced by practices much 
more common upon the Continent than in this 
country. Heal silks have been heavily freighted 
in course, of dyeing, with the conscquonca^ that 
the articles give dissatisfaction in w(^ar. In 
dyeing any silk from which the gum has not been 
discharged there is a loss of weight duo to the 
removal of sericin. 

lM)r some ccutiiri(‘s past means hav^e been 
talo'n to restore this loss by precipitating metallic 
sails upon the fibre in tlu* course of dyeing, and 
th(‘ro are limits witliin which the practice* is not 
seriously obji'ctiouable. Some manufacturers, 
however, have advanced far beyond the jnore 
rt'storation of loss. It is possible by the frcft 
use of tanning compounds and salts of iron and 
tin to make one pound of pure silk weigh three 
or four pounds in the dyed condition. Of a 
fabric so composed only a small minority is silk, 
and the deceit betrays itst^lf in WH‘ar. Thi* 
garment cuts as soon as it is worn, or in bad cases 
falls into ruin even without being worn ; true silk 
thereby suffers an undeserved discredit. 

The Protection of SilK. As with any 
other textile, the amount of satisfaction to be 
dt'rived from silk is a question of how the fabric 
is manufactured as well as of what material. 
Measures have been proposed by the Silk Associa- 
tion for enforcing standards of i)urity in any 
goods sold under the name of silk with the view 
of letting purchasers know to what extent any 
particular sample is sophisticated. The fibre has 
naturally qualities which have earned^ it an 
excellent name, and this reputation is worth 
guarding. There are in India coats made of 
Kri silk, the produce of a worm feeding upon the 
castor-oil plant, which have been worn by 
three generations of native families without 
being much the worse for wear. It has already 
been said that in the Western world there is a 
consumption of silk, large in the aggregate, 
outside the regular silk industry. Much material 
goes to make articles not sold specifically as sil^. 
Doubtless some silks are bought with no par- 
ticular expectation of wear ; but, on the other 
hand, there is sound assurance that deceits liave 
provoked dissatisfaction hurtful to the interests 
of the silk industry. J. A. HUNTER 
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THE SUN SEEN FROM ITS NEAREST PLANETS 



Mercury. From a Htudy of \]w surlaco of Mmnry the evidom-e to show that conditions and featuri^s 

are smiilar to those on the moon, only more pronounced very little ntmospiicre, dark, niKRod surface, beds of 
e&tinct molten seas of lava, and ureat craters and mountains, the whole parched and cracked and composed 
of dark, niRRed surface akin to basalt and lava. The s'^ars would he visi])le in davliRlit. noUvithstandina the 
enormous apparent size of the sun. owiuR to the rarctlcd atmosphere. Water mav be present in parts of th*' phnet 



Venus. Venus is Rcnerally roRaided by ast’.’ouomei's as possesgiug a very dense and elouil-laden atmosphere, very 
ingh ^lountnins (27 miles high), and, according to Flanimarion. conditions otherwise approximating to those of our earth. 



in THIS SCENE UN THE EABTH THE SUN IS SHOWN ON THE SAME SOAEB AS IN THE FICTCRES OF 

MERCURY AND VENUS 









GROUP 19 ASTRONOMY & fiEOLOOV • THE HISTORY OF THE WORLDS CHAPTER 7 

The Motions of Mercury and Venus inside the Earth’s 
Orbit round (he Sun. Ho\v the Earth Is Weighed. 

MERCURY, VENUS. AND THE EARTH 


T here arc two known planets which move 
round the sun in orbits smaller than li.at. 
of the earth, and as this leads to certain pecu- 
liarities in their appearance, which distinguish 
them from the other planets to human eyes, we 
may deal with them before passing on to th(' 
earth. These two, of course, are Alercury and 
Venus. More than once the disco vi‘ry of a 
planet still nearer to the sun than Mercury has 
been announced, and this sui)posed ])lanet has 
even b<'en christ('n(‘d Vulcan, but it is almost 
certain that the alleged observations of it are 
misleading. There might, indeed, be a planet 
nearer to the sun than Mercury without our 
b(‘ing sure of its exist<‘nee, as its light w'ould 
almost always be drowned in the solar radiance. 
(Vrtain peculiarities in the movements of Mercury 
have been attributed to perturbations caused by 
th(> attraction of an inner i)lan(‘t, but the careful 
search made for this planet dining eclipses of 
the sun has hitherto proved unsuccessful. 

M ercury . Mercu ry, the inmost of the known 
})lanets, moves round the sun at a mean distance 
of about 3G,0(K),000 miles. It is the smallest of 
the major planets, being only 3030 miles in 
diameter, or a little more than one-third the 
size of the earth. ’J’he plane of Mercury's orbit 
is inclined at an angle of 7*^ to tlu' ecliptic, 
which is more than the inclination of any other 
})la notary orbit. The Zodiac had to lie made 
10° wide in order to include the apparent move- 
ments of Mercury, 

The year of Mercury, or the time in which it 
completes its revolution round the sun, is equal 
to 88 of our days. Mercury certainly rotates 
on its axis, but it has been extremely dilhcult 
to determine the period of this rotation, owing 
to the lack of definite markings on the planet’s 
surface, which, as it is seen by us, probably 
consists of a mass of clouds. The latest con- 
clusion is that Mercury rotati^s on its axis in 
the same time as it completes a revolution in 
its orbit — 88 days. In other words, its day is 
equal to its year, and it always prcs<*nts the 
same face to the sun, just as- and probably 
for the same reason — the moon always pn^sc'nts 
the same face to the earth. 

A Planet Where Life is Impossible. 
As will be shown when we come to study the 
caise of the moon, there are reasons for sup- 
posing that this will be the ultimate condition 
of all the planets, including our own -namely, 
that their period of rotation and of revoliiton 
round the sun will become the same. At that 
very distant date the dwellers on the earth, 
if they be not extinct, wnll find their planet 
divided into two nearly equal zones, one of 
which enjoys perpetual day while the other is 
sunk in everlasting night. The sun, instead of 


moving regularly round the earth, will only 
vibrate backward and forward in the sky for 
a comparatively .short distance. All life will 
necessarily congregate on the side of the earth 
which faces the sun, bcuuiu.sc the opposite side 
will bo chilled down to a temperature nearly 
approaching that of interstellar space. As a 
matter of fact, one side of the earth would thus 
probably become t(x) hot for habitation and the 
other would certainly be too cold. As far as 
Mercury is concerned this stab* of things has 
alnauly been ri'ached, and there is little doubt 
that this planet is (‘iitirely unfitted for the abode 
of any kind of life which we can mention. 
Mercury possess(‘s no satellites: Its appan‘nt 
movements and orbit will be described along 
with tho.se of Venus. 

Venus. Venus, which is the brightiist and 
most beautiful star in the heavens, is our nearest 
planetary neighbour, coming at times within 
about 25,000,(HM) miles of the earth. Its di.stance 
from the sun is t)7,2()0,(XK) miles, and it therefore 
receives just twice as much heat and light as 
the earth. Its orbit is almost exactly circular, 
and the length of its year i.s 225 days. Its orbit 
is inclined to the e(?Iiptic at an angle of 
The diameter of Venus is about 77()() miles, or 
very slightly less than that of the earth. 

The planet rotates on its axis, but here again, 
as in the case of Mercury, there is great difiiculty 
in measuring its angular velocity, owing to the 
apparent covering of the ]>lanet with clouds 
which atford no dolinito fixed jujint for our 
telescopes to watch. The best m()d(‘ni opinion 
is that Venus, liki^ Mercury, has a day of the 
same length as its year, and continually presents 
the same face to the sun. If this bo the case, 
Venus, like M(‘rcury, must be unfitted to be 
the abgde of life*, and it is, to say the least, 
doubtful whether t he proximity of these planets 
to the sun eve^r allowed life, which seems to us 
to bo limited to a very moderate range o( tem- 
perature, to be developed u|)on their surface. 
Venus appears to be surrounded by an atmo- 
.sphere of considerable density, and poases.se8 
no known satellite. 

Morning and Evening Stars. The 

apparent motions of Mercury and Venus present 
great similarity, and may conveniently be 
described together. They are IxJth vi.sibl 0 at 
different times of the ytuir as morning or as 
evening stars. Venus is pre-eminently known 
as the Evening Star or Morning Star, on account 
of its resplendent beauty, “ swc'ot Hesf)er- 
Phosphor, double name.” Mercury, though 
very nearly as biflght as Venus, is very much 
less easy to perceive, on account of its greater 
proximity to the sun. The great astronomer 
Copernicus is said to have passed his whole 
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life in unavailing 
endeavours to 
perceive Mercury — 
though this is per- 
haps an exaggera- 
t ion. The planet 
can be sccjn several 
times a yc^ar by 
those who know 
where to look, 
but it is generally 
drowned in the sun's 



emerges on the other 
side of the sun and 
eonsoquently be- 
eomes visible in the 
morning shortly 
before sunrise. As 
it eontinues to move 
to the west of the 
sun, it rises earlier 
and earlier, till again 
i t reaehes t he limit of 
its western motion, 


radiance. Every- the orbit of vknus as seen from the earth, showing remains stationary 


one, liowcycr, is the apparent changes of the planet for a short time, 

familiar with the and then again 

brilliant appearance of Venus, whether shining as starts on its eastward journey back toward the 
the Evening Star after sunset or as the Morning sun, ultimately to emerge on the eastern side 
8tar which heralds the appearance of the sun. of the sun and again become the Evening Star. 

Apparent Motions of Mercury and At tlie dawn of astronomy the Morning and 
Venus. The essential Evenirur Star were sunnosed 


THE apparent changes of the planet 


peculiarity of the motions 
of Mercury and Venus is 
that they are never seen 
vei'y far away from the 
sim. ]\r(.sciirv never remains 
visible for morn than an 
hour or so after the sun 
has set, and V(muis is always 
seen as an evening star in 
the west or a morning star 
ill the eastern sky. They 
are never visible, lik(^ others 
of the j)lanet.s, right over- 
liead. Tf wo study the 
motions of Mercury or Venus 
from night to night, we 
very soon begin to perecuve 
the irregular changes. Venus, 
Ijciug so much easier to 
perceive, olT(‘rs a good object 
for the young astronomer 
to watch from week to week. 

After a while it becomes 
a[)parent that this planet 
moves backward and for- 
ward on either side of the 
sun, within a limited range. 
Suppose that at the time 
of beginning our watch 
Venus is shining as the 
brilliant Kvoiiing Star* after 
sunset. For a time it seems 
to travel farther and farther 
(eastward, or away from the 
sun, and consequently to 
remain visible for a longer 
time each evening. But the 
time soon comes when we 
notice that it ceases to go 
farther away from the sun ; 


by shadow 


it remains stationary for a 
night or two, and then it I 

begins to travel back toward the velocity of light was ms ^s rne eann is also in 
the sun, untd it is entirely _ covered by roemeb motion round the ^nn 

swallowed uii in the solar eclipacs of Jupiter’s satelliUs occurred later round the sun, this 

swanowea up in the solar or earlier than anticipated by Koemer, that when motion IS comph- 

raaiam e ana is invisible the earth was at b In Ite orbit taking place eight cated by our own motion, 
for a time. After a short calculations made for the Tnatend of fhA Aflaf^rlv 

• -u-iii. X 7 earth 100 million miles nearer at A. This enabled m the easterly 

peiiod of invisibihty, Venus Roemer to arrive at the actual velocity of light, and westerly motions of 


Evening Star were supposed 
to be distinct bodies, which 
wore named Phosjihorus and 
Ho.sp(‘rus ; one of the first 
astronomical discoveries was 
tliat they wore really the 
same star, which journeyed 
backward and forward 
from one sidti of the sun 
to the other. The apparent 
motion of M(Toury is pre- 
cisely similar, though less 
easy to watch bocaiiso dt 
is confined within much 
narrower limits. The angular 
distance of these planets 
from the sun on cither side 
is known as their elongation* 
When they are in a straight 
line with the sun and earth, 
the planets are said to be in 
conjunction* 

The Orbits of the 
Evening Stars. The real 
explanation of these motions 
is not diflicult to compre- 
hend. Venus and Mercury 
both move round the sun 
in roughly circular orbits 
inside that of the earth. 
Consequently the effect of 
perspective shows them to 
us as if they moved in a 
straight lino ban^ward and 
forward from the sun. If. 
the earth were at rest, each 
planet would complete its 
double oscillation in the 
period of its year. Venus, 
for instance, would pass 
from her farthest eastern 
to her farthest western 
elongation in 225 days. But 
as the earth is also in 
motion round the sun, this 




Venus or Mercury !>eing completed in the same 
time, the westward swing appears to he com- 
pleted muoli more ra})idly than the eastward, 
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was that these two planets, Mertairy and Vcntis, 
exhibited phases like those of the nioon. 'Pl^e 
otljer planets always shine with a fidl circular 



MKRCURY AND VKNUS AT THEIR GREATEST, I.KAST, AND MEAN DISTANCES FROM THE EARTH 


hccauoc ill the former case the earth’s motion 
assists ti at of the planet, but in the latter it 
detracts from it. Thus, Venus moves rapidly 
from its easterly (dongalion as the Evening Star 
to its westerly 
(‘longatioii as the 
Morning Star, and 
travels back again 
much more slowly. 

Its fiijnodic period, 
or the period in 
which it completes 
this cycle with reft'-r- 
cnce to the earth, 
is 584 days ; more 
tha n thnio-quarl ers 
of this p(‘riod is 
occupied in the 
slower half of 
the journey. The 
synodic period of 
Mercury is 1 1 0 days. 

The greatest elon- 
gation of Venus, or 
its apparent distance 
from the sun, varies 
from 47° to 48°, 
which means that 
when it is farthest 
away from the sun 
it may bo visible 
for more than three 
hours after sunset or before sunrise. ISrercury’s 
greatest elongation varies from 18° to 28°, 
HO that under the most favourable circum- 
stances it is visible for less than two hours 


disc, thougli it varies in ap\)aTeiit size with tluiir 
varying distance from the earth. But Venus and 
Atcreiiry, when seen through a telescope, present 
the phases with which wc are so familiar in the 

moon. ’PhesC j)lias(‘H 
will be readily 
understood by u 
glance at the dia- 
gram. ’J'bcy depend, 
of eours(% upon the 
fact that the planet 
derives its light by 
retk^otion from tlu* 
(Muilral sun, and 
niovt‘s round tlic 
sun bc'twoen it and 
the earl h. When at 
inferior con j u nc t i o n 
the planet is be- 
tween us and the 
sun we see only 
its dark side, or, 
in other words, do 
not see it at all. 
As a matter of fact, 
it is then swallowed 
up in the sun- 
beams, and the only 
occasion when wc 
have an oppor- 
tunity of testing the 
truth of this part 
of the theory is when Venus or Mercury piusses 
right between us and the sun. It then appears 
in transit as a circular black spot on the sun’s disc 
At the superior conjunction it is beyoiid tlu 



THE EIiLIP.SES OF THE PLANETS SEEN EDGEWISE - 

before sunrise or after sunset. One of the first 
discoveries made by Galileo’s telescope, which, 
ina we read on page 63. he himself invented. 

2 N 


WITHOUT REGARD TO THEIR REIiATIVE PROPORTIONS 

sun, and nearly in a straight line with it from the 
earth. At these times we cannot see it at all, 
because of the solar brilliance ; but if we could se..* 
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it \vi* should si*<‘ its disc fully illuminated like 
tlud of the moon. At the times of greatest 
elongation the plamd appears like a Imlf-moon ; 
a good field-glass or small 
telescope will clearly show 
these phases when Venus is 
shining as the Evening Star, 
from two to three hours 
after sunset. At other times 
the planet exhibits various 
lunar phases, being gibbous 
as it pahse^ from one elonga- 
tion to the other beyond the 
sun, and waning to a crescent 
as it completes the oth<T 
half of its orbit. The saim* 
explanatioTi applies to Mta- 
eury, though its proximity 
to the sun makes its phases 
less easy to follow. 

The Earth as a Planet. 

I’he third planet in ord('r of 
distance from the sun is by 
far the most interesting of 
all, because it is the earth on 
which we live. 8ome e.xplan- 
atioii must hero be given of 
the way in which astronomers 
have measured the size of 
the earth’s orbit, or annual 
[)ath round the sun, whicli 
affords a basis for all our 
measures of celestial distances. 

In the first place it must be 
said, though the explanation 
of the fact must bo looketl 
for in more ad vanced treatises, 
that the mathematical theory 
of astronomy, based on New- 
ton's law of gravitation, gives 
us all ilie relalire measure- 
ments of the solar system 
with great accuracy, but | 
does not determine any one 
of them absolutely. That is 
1 o say, if wo know any one of 
th(*se measurements, we can 
easily calculate all the others 
ill ternis of it. Tlie most 
obvious measurement to use 
as a basis br unit is the 
distance of the earth from 
tlie sun. The early Greek 
astronomers made ingenious 
but futile attempts to 
oalculate this by geometrical 
construotipns, but the 
problem was too complicated 
foi them. Modern researches 
liave been caniod on by 
means of two di.stinct 
methods, which have yielded 
results practically similar, 
and have enabled us to 
measure th^ earth’s mean 
ili stance from the sun 
within a scarcely appreciable 
margin of error. 
llOtt 


The Sun’s Parallax. The first an(T 
older of these methods depends on what is railed 
parallar. Parallax is a name given to the 
difference between the direc- 
tions of a celestial body as 
seen from two different points. 
It is the same principle 
which is utilised in the tri- 
gonometrical operations of 
ordinary surveying. The sur- 
veyor measures the base line 
AB of a triangle in order 
to determine the position of 
a third point 0. He then 
sets up his theodolite, first at 
A, and then at B, and 
measures the angles CAB 
and CBA— or, in popular 
language, the difference of 
dirtHdion of (\ as seen from 
.A and B. When the length 
AB and any two of (hcranglcs 
of thi^ triangle .\BC’ are 
known, it is a simple trigo- 
nometrical calculation to find 
the length of the other sides 
CA and (-B. In celestial 
surveying, or astronomy, we 
begin by measuring a base 
line on the earth. 

In Halley’s method observers 
at two points, A and B, which 
const itut(? the ends of a base 
lino on the earth, see the disc 
of Venus, when in transit, 
proj(*cted on the sun at a and 
b. The length of a line 
connecting rt and h on the sun 
represents the parallax, which 
in this case is exceedingly 
small. As the exact measure- 
ment of the base lino AB on 
the earth is known, this, 
together with mathematical 
calculations enables astro- 
nomers to know how long the 
biise lino AB on the earth 
would aj)pear as seen from 
the Bun. The a[>parent sizes 
of objects an* known always 
to diminish in a certain ratio 
in proportion to their distance, 
therefore it bocopjes a simple 
matter to calculate how far 
their distance is. 

This is merely a rough 
illustration of the method 
used, which is really much 
more elaborate and involves 
a great many minute correc- 
tions which we have no space 
to explain. But the principle 
of it will now be clear. Such 
FiNDixa THE distance OF THE SUN measurements require to be 

Tills method, propounded by Bdniimd Halley with the greatest ac- 

In the eighteenth century, depends ou observa- curacy, because the distance 
tions ot the Transit of Venus across the sun of the sun from the earth 
tiken from different point -4 on the earth. The ® earin 

nuthod is described in the text in this page. W SO great in comparison with 
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the longest base that can be drawn on the earth 
i hat the difference between the directions from 
which it is seen from any two points at the same 
time is exceedingly small. 

There is, however, another quite independent 
method of estimating the distance of the spn. It 
will be clear that we could measure the distanc(5 
from London to Kdinburgh with considerable 
accuracy if we knew (hat a motor-car, built so 
as to run uniformly at twenty miles an hour, had 
taken a specified time over the journey. We 
have a messenger of this kind, warranted to 
move with a po*f(‘ctly uniform speed, in the 
(‘thereal vibrations which (Oiistitute light. It 
was discovered over 200 years ago that light 
tlid not traverse space instantaneously, but 


most valuable scientific discovorit‘s have arisen, 
because they always point to the existence of 
some previously unsuspeoted cause which modifies 
the phenomena under study. 

Roemer, on thinking it out carefully, saw that 
^ tli(i only difference in the conditions between the 
two sets of observations was that (he earth was 
at opposite ends of its annual journey ; in other 
words, its distance from Jupiter, which docs not 
move far in six months, varied in that time by 
about the diameter of the eartlfs orbit, or twice 
the distance from the sun to the earth. He then 
saw that if he assumtHl that light took about 
eight minutes to travel from tlie (“arth to the 
sun, the di.scre}>ancics between his observations 
and the predicted limes of eclipst's might bt‘ 
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This diagram Hhow.sthc jxwltion of the British Isles inrclation to the mm in the middle periods of the four seasons, and explain^ 
why the sun’s rays fall more directly on tln'in In summer than in winter owing to the unvarying tilt of the spinning earth 


took a detinito time in completing a journey of 
a given length. In the course of its 3 'early 
journey the earth moves from end to end of the 
diameter of its orbit — a gigantic ba.se line of more 
than 180,000,000 miles. 

The Sun’s Distance Measured by 
the Speed of Light. The Danish astro- 
nomer Roemer found that his observations of 
the eclipses of Jupiter's satellites, whose motions 
are so well known that the times of these 
eclipses can be calculated in advance, varied as 
much as sixteen minutes from one another at 
different times of the year. Some of his obser- 
vations showed that these eclipses happened 
about eight minutes sooner than the predicted 
time. Six months later the observation was 
eight minutes behind the time given in the 
tables. It is from such discrepancies between 
oaiculatod events and observations made as 
aoourately as possible that a great many of the 


.satisfactorily oxplain(*d. These eclipses Tiaving 
been oaiculatod with (he sim as .starting point; 
when the earth was at its nearest. apj>roach to 
Jupiter, light from that planet, bearing the 
message of the eclipse, would reach it oiglit 
minutes sooner than the sun, and, consequently, 
the eclipse would seem to happen eight minutes 
too soon. Similarly, six months afterwards, 
when the earth had rushed to the other end 
of its orbit, the light would have to pass the 
sun and travel on as far again, and the ecIij)S(i 
would appear to happen eight minutes later. 

The Fundamental Astronomical 
Unit. It.is possible with the exact instruments 
of modem science to measure the velocity of 
light in our laboratories, and from sucli observa- 
tions as tho.so of Roemer <jan be iiiea.sured, with 
equal accuracy, the time which light takes to 
travel from the earth to the sun. This physic-al 
method of measuring the sun’.« distance i.s (piito 
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independent of the parallactic or astronomical 
one, and the two give results closclj^ in accord- 
ance with one another. Froni these various 
n)ethods the earth’s distance from the sun is 
known to be about 92,tKM),000 juiles, the probable 
error not being greater than 100,000 miles cither 
way. This distance of the sun is the funda- 
mental unit of astronomical m(‘asuremcnts, in 
terms of which all others are calculated, though 
we shall se(^ when we (iome to the fixed stars 
that a Iarg(‘r unit has there to be adopted. 

When the actual distance of the earth from 
the sun has been found by either of these 
methods, all the other dimensions of tlie earth’s 
orbit and the rest of tlu' solar system can be 
calculated from it. Another veiy important unit 
is the earth’s viass, which is found by i‘X])eriment, 
and from which the law^s of dynamics enable us 
to calculate the mass of all other bodies whitdi 
compose our system. Thcn^ are various methods 
of weighing the earth, which all de])end on the 
princi])lc by which the mass of any comparatively 
small quantity of matter is determined. 

How the Earth is Weighed. The most 
trustworthy of these is that used by Cavendish, 
the famous clieinist of the eighteenth c<‘nlury, 
and generally associated with his name, though 
later w'orkers have obtained still more accurate 
i‘(\sults from its uso. The law of gravitation 
tells us that two masses attract oiu? another 
with a force which is always proportional to tlu* 
[)roduct of their masses. The Cavendish experi- 
ment consists in measuring the attraction wdiich 
a massive globe of lead has for a small pith 
ball, and comparing this attraction wdth the 
weight of the pith ball. The weight of a body 
is simply a convenient way of measuring the 
attraction wliieh the earth has for it; we arc, 
therefore, able to say that tlio mass of the earth 
is to the mass of the leaden globe as th(' weight 
of the j)it]i ball is to the force with wdiieli the 
leaden globe would attract it if placed at the 
same distance aw%ay from it as the eentro of 
the earth, from wliieh terrestrial gravitation is 
measured. The obser Nation is a very delicate 
one, as it involves measuring forces not greater 
than the weight of the millionth part of a grain ; 
but considerable reliance is placed on its results, 
and the density of the earth is known with fair 
accuracy to bo about 5J times that of water. 

The Actual Weight of the Earth. 
Other methods used for determining the mass 
of the earth, such as the Schehallien and the 
Harton experiments, are much less trustw^orthy, 
but on the whole lead to the same result. From 
the known size of the earth we can calculate its 
volume, and its mass being determined by the 
Cavendish experiment gives us its mean density. 
The actual mass of the earth is 6 x lO^ ^ tons — 
or 6 with 21 noughts after it. This gigantic 
mass cannot be realised by any mental process 
of which we ar^ capable. In astronomical work 
the mass of the earth is takcti as the unit to 
which the mass of other celestial bodies is 
referred. Thus, the mass of the sun is given 
as 332,000 times that of the earth ; and Jupiter, 
the largest of the planets, is 317*7 times as 
massive as the ear^. 


The Orbit of the Earth. The earth’s 
orbit, as we have already seen, is an ellipse of 
which the sun occupies one focus. Tins orbit is 
very nearly circular, the eccentricity of the 
ellipse being only about 7 N\^th. The y)oints in 
the orbit at which the earth is nearest to and 
farthest from tlic sun are respectively known as 
the perihelion and the aphelion. The earth 
reaches its perihelion about December 31st, and 
its aphelion early in July. It would seem at 
first that the earth should bo nearest to the 
sun in summer and farthest from it in winter. 
But our seasons depend upon the fact that the 
earth rotates about an axis which is inclira'd to 
the plane of its orbit at an angle of rather more 
than 23 ’. 'Phis axis always remains i)ointing to 
the same ] mints in the sky, which are known as 
the celestial poles. 

When the earth is in yx'rihelion its north pole 
is inclined away from tb(j sun, whemee it follows 
that- in the nortliern hemispbero tbc nights are 
then longer than the dsiys, and the total (pian- 
tity of light and heat wliieh tliat homisyihere 
receives from the sun is a minimum, Nvhilo in 
the southern hemis})hore these' (‘onditions are 
exactly reversed. Consequently wdion the earth 
is in perihelion it is mid-winter in the nortlu'rn 
and mid-snmmor in the southern hemisphere ; 
when it is in aphelion it is mid summer in the 
northern and mid- winter in the southern. 

A Model of the Season Changes, '.riio 
student will find it quite easy to understand 
why this is the case if he will make a rough 
model of the earth by running a knitting-needle, 
through the core of an ayiple, and trace tlie 
equator round the middle of the apple at right 
angles to this axis. If he th(*n takes a lighted 
candle to nqiresent the sun and moves this 
model earth round it, taking care to keep the 
axis inclined at an angle of about 23° to the 
])laiic of the table on which the lighted eaiidle 
stands, he will get a very good idea of the 
seasonal changes. 

He will also see that there are two, and only 
two, points in the earth’s orbit at which th(‘ 
plane of its equator passes through the sun. 
When the earth is at these points both hemi- 
spheres are equally illuminated, and day and 
night are of equal length, wh(uice these points 
in the orbit are known as the vernal (or spring) 
and autumnal equinoxes. The points in the orbit 
at which the northern hemisphere has respec- 
tively its maximum and minimum jllumination 
are the summer and winter solstices, because at 
these points in the orbit the sun has reached 
its highest place in the sky, and appears to 
stand still for a day or two before beginning 
its reverse journey. The sun’s apparent motion 
in the sky is compounded of the earth’s rotation 
and its revolution in the annual orbit. Every 
day it travels across the heavens from east to 
west, because the earth is rotating from west to 
east and earring the observer with it. Every 
year the point where the sun culminates, or 
reaches its highest place at noon, travels steadily 
upwards in the sky from mid-winter to mid- 
summer, and then sinks down at the same rate. 

W. E. GARRETT FISHER 
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Timber Trusses. Iron and Steel Trusses for Various 
Spans. Curved Trusses. The Effect of the Wind. 

STRESSES IN ROOF TRUSSES 


Collar Beam Truss, rhis tnisa [110], 
although the airnplo.st from a constructive point 
of view, is by no means simple when the stresses 
are considered. The legs of the truss tend to 
spread with the weight of the covering, and the 
part of the principal rafters below the collar is 
in the condition of a lever, so that if the walls 
an' not rigid, a bending moment is product'll at 
t!u* junction Avith the collar. 

Moil ifu^at ions of this form are frc(|uently used 
for the o])eu roofs of ehurehos, and the walls 
are only prevented from being thrust outward 
by their dwarf height and the buttrcsse.s placed 
against tlu'in o})])osite to eacdi truss. When the 
walls are higher, *the overturning ciTort is greater, 
and many cases have occurred of the walls 
being actually thrust out. Vndcr such condi- 
tions the collar beam is in full tension, but any 
intermediate condition may occur betAvec'u this 
and full compression oAving to rigid Avall‘<. 

It is this uncertainty of condition that create,'^ 
tlui chief difficulty of estimating the stre.sse.s, 
but Avhen alloAvancc has to be made for the 
wind bloAving on one side the difficulty is furt-her 
inercas<‘d. The frame and .stre.ss diagrams for 
vertical loading and rigi<l Avails are shoAvn in 111 
and 112, and for vertical loading and yielding 
Avails in 113 and 114. In 113 the bending mo- 
numt diagram ilue to the leverage of the ends Avill 
be observed on the upper sides of the })rincipal 
rafters. The dotted lines are virtual font* 
lines to replace the bending moment- diagram, 
and allow the eomploto stress <!iagram to 
be diTiAvn. 

King Post Truss. The king ))Ost truss 
1 115] is the most common form for Avooden roofs 
from 28 to .3(1 ft. span. The frame and stress 
diagrams Avith the Avind on one side arc shoAvn 
in 110 anti 117. Upon a superficial vieAV of 115 
it a})pears as if the roof Avore supported by the 
king post standing on the tie beam, but the 
reverse is the case, tos the tie beam is held up 
to the foot of the king po.st by an iron 
stirrup, as will bo noticed in the diagram. 

Composite Roofs. Composite roofs arc 
formed of a condiination of wood and iron, the 
compression members being of Avood and the 
tension members of iron, Avhich from its great 
tensile strength is more suitable, but these roofs 
are not very frequently lulopted. 

Queen Post Truss. The queen post truss 
[118] is a convenient form for wooden roofs of 
30 to 45 ft. span. Under irregular loading, such 
as is produced by the wind acting upon one side, 
it is a deformable structure, owing to the Avant 
of cross bracing in the central space. Bending 
moments are caused in the tie beam, but its 
stillness prevents the roof from suffering much 
ictual change of shape. The frame diagram is 
showTi in 119 and the stress diagram in 120. As 


the latter involves some difficulty of construc- 
tion, a full description AA'ill bo giveii. First set 
down the load line 1 to 8 of stress diagram, 
join the extremities, which Avill give the direction 
of the reactions and substituted forces 1-11-10- 
0-8 on frame diagram Avithoiit fixing the amounts. 
From point 2 draAv an indefinite lino parallel 
with 2-12 on frame diagram, and fix the ])osilion 
of point 27 upon it by a line from point 7 ]>arallcl 
to 7-17, then 17-0, being hori/ontal. Avill fix 
the position of ])oint 0. thus obtaining the right- 
hand reaction. Next draw 1-li) ami 5-1.'"), giving 
point 15, and as ])oints 15, 14, and 10 arc all 
scparale<l hy ))aiallcl lines, the points will be on 
a straight line passing through j)oiut 15. This 
fixes the ])OHition of point 10, and at the sanu' 
time the amount of substituted forci' 10 0. and 
a.s tlie substituted force farthest from tlu' wind 
is cMjual to half tlu* amount of the .substi luted 
force nearest tf) AvindAAard side*, j)oint 1 1 will 
b(* central betAveen points 9 and 10. 
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'ITie remainder of Die stiT'ss diagram j)rcsents 
no further diftiiailtit's, and after completion may 
be tested for accuracy by draAving a fuiiicujlar 
polygon on the frame diagram as shonii hy 
stroke and dot lines, Avhieh will be found to 
close. The table of scantlings on this page w411 
bo found suitable for ordinary cases, aijd Avill 
olwiate the nece.saity for making ealculations. 

The head and foot of the king post arc tAvii^e 
the Avidth of the middle. Reduce the thickness 
of truss by J in. and the depth of tie beam by 
1 in. if there is no ceiling. 

Wrought«Iron and Steel Roofs. 
Omitting a few ca.st-iron ribbed roofs, it may bo 
said that all metal roofs were formerly of Avrought 
iron, but the greater tenacity of mild sU'ol and 
its extensive manufacture render it the material 
of the present day. The same types of construc- 
tion are used, the difference being only in the 
lighter sections employed. The'arrangeniciit of 
the trussing of all* roofs varies primarily Avith the 
span ; the roof covt'ring is supported u.sually by 
“ common rafters,” and, in order that these may 
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hav(J econoniical dimensions, tlio purlins that 
carry thorn require to be within (Certain limits of 
spacing, say 5 to 10 ft. apart. This spacing 
fixes the position of the supports to the principal 
rafters, and therefore the number of bays into 
which they arc divided. The distance apart of 
the trusses is partly determined by the strength 
of suitublo purlins and partly by the desirability 
of securing a sutlicient load upon each truss to 
obtain convenient and economical sections of the 
various members. Owing to tht* necessity of pro- 
viding against the elfccts of corrosion, no bar or 
piato may be less than \ in. thick or \ in. dia- 
meter, and where the load is very light, some 
material may be practically wasted from this 
cause. The extcnnal pitch of a roof is fixed by 
the nature of the covering and climatic or 
K'-sthotic conditions ; the under side may he varied 
hy giving more or less camber to the tie rods at 
pleasure, and this affords another means of 
adjusting tlu^ stresses in the meunbers to an 
economical value, the stresses being increased as 
the camb(*r is greater owing to the reduction of 
the central depth. 

Number of Bays for Given Spans. 

The following table gives the average practice 
for iron and steel roofs, but so many points have 
to be considered in designing roofs that no 
precise rule can be laid down. 

1 bay in rafter is suitable for roofs up to 
15 ft. sj^an. 

2 bays in rafter are suitable for roofs 15 to 
30 ft. span. 

3 bays in rafter are suitable for roofs 25 to 
50 ft. span. 

4 bays in rafter are suitable for roofs 40 to 
75 ft. span. 

5 bays in rafter are suitable for roofs 60 to 
100 ft. span. 

Iron roofs to cover a largo area are generally 
cheaper when the number of s(*parate roofs is 
reduced and the trasses increased in span up 
to a maximum of 60 ft., owjng to tho more 
accurate proportioning of the material to the 
stress and tho saving of supports. 

Types of Construction for Various 
Spans. Typical arrangements of trusses with 
tho principal rafters divided into one to four 
bays are shoAvn in outline in 121 to 128. With 
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the exception of 128, th(‘se involve no 
difliiculty in determining ilie stress diagram 
and resultant stresses so that they need not 
be dealt with further ; but tho one referred 
to, known as a Fink, French, or Belgian 
truss or compound trussed rafter roof will 
well repay a more detailed investigation. 

FinK Truss. Having drawn the frame 
diagram and marked on the external load^ 
set down the load line of stress diagram [ 129], 
join the extremities, and procieed with the 
diagram in the usual manner until point 14 
is reached,. w4icn it will be found that point 
15 cannot be obtained as only one of tho sur- 
rounding spae(‘s is known— M 2 ., 14, and it is 
at this point that the method of mbslilutai 
wvmbers will have to hi‘ resorted to, in order 
to find point IS. For tlie members 15, 16, 17 
on frame diagram substitute the member a-h. 
as shown for clearness on s(‘parate sketch [130], 
then, turning again to the. stress diagram, draw 
l4-rt, 4-a, giving point <i ; 5-/>. giving point 

and />-18, 11-18, ol)taining point 18. Tlu^ 
remainder of the diagram may now bo added 
without further diflieulty. 

Curved Trusses. A ercseent or sickle- 
shaped truss is sometimes used for largo roofs, 
as in the ease of tho Charing Cross, Cannon 
Street, and Feneh\irch Street railway-stations- 
in London. In such eases it is necessary to 
provide cross bracing to allow for the effect of 
the wind on one side or tho other, so that which- 
ever side it hlow's from ont' memlx'r of th(‘ 
cross bracing in each bay wull take the whole 
of the load as a tensile stress. The Charing 
Cross truss is shown in 131. 

Effect of Wind. It is not an easy 
matter to nieasurt^ tho velocity of tho wind, 
and it is still more difficult to (‘stimate its 
force against a plane surface in any position. 
Although consideration has been given to the 
subject for more than a hundred years there* 
is still a need for practical investigation upon a 
large scale. It may, however, be assumed 
that in ordinary positions a pressure of 28 lb. 
(J ewt.) per square foot is very rarely exceeded, 
and that in the most exposed positions an 
allowance of 56 lb. {h ewt.) per square foot will 
cover all contingencies. The larger the area 
taken into account at one time the lower the 
pressure i.s likely to be. It does not always 
blow horizontally, and when there ^aro many 
buildings in the neighbourhood it may bo 
deflected downwards upon any given roof. 
Assuming tho wind to blow horizontally with a 
force of 42 lb. per square foot against a roof 
of 30 degrees pitch the effect normal to the 
roof plane [132] will be reduced to p sin 0 - 
42 X sin 30° — 21 lb. In the same way, if 
the wind bo assumed to blow horizontally with 
a force of 56 lb. per square foot tho normal 
pressure will be reduced to 28 lb. Authorities 
are, however, not agreed as to the true normal 
pressure, some take it as the p sin others 
p sin and still others as p sin (9 r84 cos - 1. 
These values are contrasted in tho curves 
shown in 133. HKNRY ADAMS 
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A Third Lesson In (lerinan, and 
further chapters in En^tlish and French 

GERMAN By P. G. Konody and Dr. Ostenl 


Gender of Nouns 

VII. In German the following arc of Masott- 
MNB Gender : 

. (a) tiio substantives, denoting male per- 

soii.s and animals, and many inanimate 
objects; 

{h) the names of the seasons, months, days, 
stones, and iioints of the compass. 

(c) all nouns ending in ni, except those of 
Latin origin. 

Examples, (a) ber €oipt, son: ber Gruber, 
brother; bev Cnfct, uncle; bev .Unabf, boy; bev 
old man (greybeard) ; bev lion ; 

ber '.liiV'T; tiger; bev ^^av, bear; bev 'JiUMf, wolf; 
bev Vlbicv, eagle ; bev falcon ; bev 

sparrow ; bev '^evc^, mountain ; bev ivlufj, river ; 
ber iyaum, tree ; ber 'libub, wind. 

(6) bev JVvubliuvV Spring; ber (Sommer, Summer; 
bev -S)evbft, Autumn ; bev 'llUutev, Wint/Cr; bev 
^Oloiiat, month; Aaniiev (also Aauuav), January; 
bev ivebnMr, b^obruary; bev 3Jlav^, March; bev 
April; bev 3.thu, May; bev 3uni, June; 
ber 3uli, July; bev VUupift, August; bev 'Septemter, 
September; bev Cftobev, October; bev IHotjemb.r, 
November; bev ‘t'ej^embev, December; but 
baei Aiilp’(n.), the year; bie 'jih'dic (/.), the week ; 
ber the day; and bie ihc night; 

bev aJlonta^, Monday; bev Tieuftai^, Tuesday; 
b:r aJlittmed), T^onnevftaiV Jvreitvuv ^amihu^ (or 
(Sonnabeiib), ^oninayV (Wednesday, Thursday, 
Friday, Saturday, Sunday) ; — ba* 0tciii, stone ; 
ber 'Tiamaur, diamond; rev Jkubin, ruby; bet 
^mavvK3b, emerald ; bev .Uicfd, pebblo ; ber 3Jlvumor, 
marble; tvv (Mriiiiii, granite; ba iKorlcii, the north 

(c) bev (iturm, storm; bev vi^dnoarm, swarm; 
bn* \Hvm, arm ; bev '.Itbivm, worm; bev I'avm, noise; 
bev VI tern (or Deem), breath. 

Exceptions: bic ftcviu, torm; bie rf'ivm, farm; 
bvio ^llublitiim, theiJiiblio; and other deri- 
vations from the Latin. 

There are of course many o‘her nouns of 
masculine gender, but there are so many 
exceptions to the rules whicdi could be 
formed that it is simpler to follow the i raetice 
<-f learning each noun with its definite article. 

Thus, e.gr., bev (^d>a(l, sound; but Dae 'JLllctaU, 
metal; and Die 9 ladniflal(, nightingale; ber Olcbel, 
fog; but Die VlviDcl, needle; and no jyabcl, fable; 
Dev ring; but bae< 1:1113, thing; ber 3}|a3cii, 
stomach; but baeJ (Jifen, iron; ber ^«&vifev, 
oats ; but bie 931 auev, wall ; and baiJ Seufter, 
window. 

FRENCH, QEltlTAli, SPA 


1 . The grammatical and natural gender do not 
always coincide in ( German, 'rhus the diminutives 
of masculine and huninino nouns are neuter, 
and are formed by the suffixes :d)cii or Icni : 
Dev 'Itatcv — baet Vhitcvriu’n (or iUitevlcin), little 
father ; Dev 3}laiin — bad ITlaiind'cn (or iUlaiiuLin), 
little man ; bic — bad ^IJiittcvd'fii (or 

VJhittfvlcin), little mother; bic JcdMec — bad 
uM)tcvd>cii (or iod)tcvlcin), little daugliter. 

Note, bad Vihib, woman ; Dvid Avaiilein, young 
>ady; tad SJlabd'CU, girl. Die Vi'aife, or])han ; 
bev ^linaliiuv baby or infant; and bad.UiuD, child; 
are us(‘d for both sexes. 

Gender of Adjectives 

VIII. The Adjective agrees (a) in gender, 
number and cas(^ with the substantive which it 
prece<lcs {Attribuiire Adjective). When used os 
Prcdiaite (/>), that is to say, after the auxiliary 
verbs fein and UHVbcii, it remains unallen'd. 

Examples: flciihyv diligent ; ^ur, good; fddcdu, 
bad; fdu'n, beautiful; baplid), ugly; vcii'b, rich; 
arm, poor ; ()cd', high ; Uarf, strong ; |d'n\u1\ weak ; 
fart, short ; lauyt, long ; vot, red ; yp iiii, green ; 
ireij^, uhite; blan, hhie; ^clb, yellow; fdMvav^, 
black; 3 vau, grry; braim, brown; tab, cold; 
U'avm, warm ; Um, te[)id , ()cip, hot ; iia§, wet 
tVi'**^^!, diy. ; 

(6) Dev^atnabe ift fUipiyt, the hoy is diligent; 
bic (Vrau ift flfipiit, the woman is dilig(‘nt; 
bad .k:iiD ift floifiia, the child is diligent. 
(Examples for (a) will follow in the chapter 
dealing with the declension of the adject ive.l 

The Interrogative 

IX. The Direct Question is fornu'd by 
placing the verb with the personal termination 
at the beginning of the sentence. Thus in the 
sentence: id^ l)abc 3cfd,'lafeii (I have slept); 
^abe is the v('rb with the personal termination, 
and the form of question would be: ^abe idf 
gefd^lafcu ? 

Exaiupics « 

I^(!> bin arm, (Einb ndv reid> ? 

I am ]>oo’. Are we rich ? 

id) arm ? 'Avan bat ein .ffinb. 

Am I poor ? The woman lias a chdd. 

Vldr finb vcid\ A>at bie ??van ein dtinb 

We are rich, Has the w<mian a child ; 

1. Under no circumstances is the verb tbnn (to 
do) to be used in (picstibns, as in English. Thus, 
Do you speak Geripan ? is never 1ranslat(‘d: 
'ibun £ic Dfurfd' U'ved>cnV but always: 2pvcd)cn 
<8ie bentfd) ? (Speak you German ?) 

Did you speak ( Jerman ? Is nlvv;ays rendered as t 
Spoke you (^er man ? (3pvad;eii bent|d)f) 

NISH, LATIN, ENGLISH 
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Conjugations of Verba 

X. 'rhe (.V)NJiT(}ATi()>i OF THE Verb is eitllPF 
weak, strong, or inixciJ. The majority of German 
verbs take the weak conjugation. 

1. The distinguishing feature of the weak and 
strung conjugatioas is the formation of the 
Imycrfectt the former by suffixes alone, 
and the latter by change of the stem vowel. 
The weak verbs never modify the stem 
vowc^l 

2. Inflections of weak or regular verba in the 
Present Tense : 

Indicative , 

;f icf' lob f I praise. 

it\\ or .ft Ml lob(e) ft thou praisest. 

;ct or t cv lob(c).'f he praisf's. 

cn U'iv lob^eii we | 

or ;t ilp- lob(i') t you . jiraise. 

.m jif liMcu they I 

/Subjunctive 

;e lob e i may praise, 

sfft bii lob'cet thou mayost praise, 

e cr lob'C he may praise, 

scn unv lob cii w(‘ ) 

iff il)r lob^et you - 

^eii jie lob m thcyj 

3. 'Pile -c of the inflections in the ‘2>u/ and 
pers. sing, and 2nd pers. plur. i^ g(?nerally 
dropped in the Jndicaiivey but retained in 
the Subjunctive of verbs with stems ending 
in -b, -ft, -t, -tb : (vet-cn, to sj^ak ; voft-cn, 
to roast ; lailt-cu, to ring ; ciTbllpcii, to blu.sh ; 
etc.), and wherever its omission would result 
in har.sh or difficult pronounoiation, for 
instance, in the2nc? pers. sing, indie, of verKs 
with stems ending in hissing sounds ; -f, -if, 
fd\ like; fMie*-m, to dine or eat; twif-cii, 
to hate; Unifd'-cu, to listen; fdMuflj-cii, to 
smack one’s tongue ; etc. — (vnicft, l^ajfcff, etc. 

4 . Verbs ending in -flu cast off the c of this 
suffix in the Ist pers. simj. indie., for similar 
reasons of euphony: l)anbflu, to act, to 
bargain, id) bant(f)l-f; (dd'clu, to smile, 
id' Uid'(f)l-:. The c is, however, retained in 
the 2vd and 3rd pers. sing.: Ml l^aubfl-l'l, 
c\ bad fl-t, and .so on. 

EXAMINATION PAPER III 

Exercise 1. Inseit in the dotted places the 
auxiliary verbs l)abcn (to have) and U'crbcu (to 
become, to get), and the articles. 

Declension 

XI. The Declension op the Personal Ihtox 

Singular \st Person 2nd Person 


od' .... 'flatfv unb illlurtcv. Tu 

I have a fatlier and a mother. Thou grouest 

ftavf. (’?v Vcbvi'v. . . . J^vviu ... . , . . 

strong. Ho has a teacher. The woman has a 

'Iflauu .Hint .... floini^ 

husband. The child becomes diligent. Tlie 
VOhutfv Uinbc‘ 1 . . . . 3JldnncY ivifd'. 

mothei’s have cliildrcn. The men have a fish. 

,\bv Cnfcl; itc vsobu. 

You have a uncle; they have a son. 

.... 'JDliibd'fn fdien. 

The girl Womes (is getting) beautiful 

'linbfv .... flciftivv 

The children become diligent. 

Exercise 2. Insert the dolinite article. 

.... 'IHubci .... iVliirtf V ift . . . Dufd . . . «cbucs<, ' 
The brother of the motlier is the uncle of the son. 
.... Vbu'f iff ftavf. .... ift bed'. 

'rh(‘ lion is strong. The mountain is high. 
.... VliiyVift ift UMvm. .... ♦V'iibliiu^ ift fdaui. 
I'Phcj August is M'arm. Spring is beautiful 

.... ^'viv^c U'eibeu till; ^ucu'iuD iff U'avm. 

Tlu‘ days become short. The soulh wind is warm. 
.... )lhibiu ift ri't, .... '^marac^b {t'ihi nut 

'Die ruby is led, the emerald grt*cn, and 
. . . T^ivimant weiju .... 3taff ift nciffu. 

the diamond white. The stable is dry. 

. . . itf ifllctaU ift U'ciji. 

'Pile oats are [is] w(‘t. Thi' metal is white. 

.... >^dbfl ift fd'avf 91abfl ift gut. 

The sword is sharp. T1 ^ needle is good. 

.... Sflurm iff fihirac^ 9lnu ift ffarf. 

The worm is weak. The arm is strong. 
.... ^fleib ift .... iDlattcrrfyn .... aJldbdifiiiv 
The woman is thefdtVwm.] mother of the girl 
.... iUlninlciu is ... . 'I>aier .... maulciiuv 
The [dim m.] man is the father of the young lady. 

Hiivibe ift .... ilflaifc. 

The boy is an orphan. 

.... vBaiMlim^ iff — Sllacdien. 

'J'he baby is a girl 
Exercise 3. Insert the eonjiigational termi- 
nations to the stems of the verbs. 

'od> avbfit . . . flcifiuv Tev '^d'ulcv levn . . . 

I work diligently. The scholar (pupil) learns. 
^H'iv fdneib . . . 'I^vioK. ;ru avbcit . . . ,>l)v lob . . . 

Wc write letters. Thou workest. You praise 
Me .Hiuber. Tfi* Vcl)vev lob... ben 'Sdnilci. 
the children. The teacdier praises the pupil 

3ic lieb bie .Hinbev. licb Me ,Uinbcv ; 

They love the children. You love the children • 
fic lifb ... bic .K'tnbev. 
she loves the children.^, 
if Pronouns 

LNvS. (The numbers 1 — 4 indicate the four cas^ 

3/d Person 


1. id) I Ml thou cv he fic she ce it 

2. meinev (mein) of me bcincr (bcin) of thee feinev (fein) of him ilpcv of her feinev (fciii) of it 

3. inir tome biv tothee iluu to him il)v to her il;m to it 

4. mit^ me bid^ theo il;ii liira fic her it 

Plural Plural Plural (for all 3 genders) 

1. U'ir we il;r • you fic they 

2. imfer of us ciier of you . il)ve\: of them 

3. line) to us cud) to you iluicn to them 

4. w\^ us cud' yon ftc them 

'Pile bracketed form oi the 2nd. pers. shig. iitciii, bciu fctu, is sometimes used in poetry, 

proverbs, and exalted speech. 
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^ r VO Ui Coiitliiuod from 

KNUrL^Ion paifo^SS 

VERBS — continued. 

COMPLETE CON JU( NATION OF THE 
VERB “TO SEE.” 

Active Voice. — Infinitive Mood. 

Present Indefinite : (To) wee 
Present Incomplete : (To) be seeing 
Perfect : (To) have seen 
Continuons Perfect : (To) have i)een seeing 

Participles. 

Incomplete : Seeing. Perfect : Having seen 
(Utntinuoas Perfect : Having been seeing 

Indicative Mood. 

Past. Prisent. Feti^re. 

fnde finite. 

I saw I sei^ 1 shall see 

{fir^ did see) (or, do see) 

Incomplete. 

[ was seeing 1 am s(H*.ing T shall 1 m' seeing 

Perfect. 

I had seen 1 have seen I shall have seen 

Ponlinnnus Perfect. 

I luid l)een T have b(*(‘n f shall hav e l)een 

seeing seeing seeing 

Imperative Mood. 

iSingvlar: See (thou). Plural: See (ye) 

Subjunctive Mood. 

Past. Present. 

Indefinite. 

I saw I SCO 

! shoukl SCO I may see 

I might see 

Incomplete. 

1 were si*eiug I be seeing 

T should bo seeing I may la* i.eeing 

1 might be seeing 

Perfect. 

1 had seen 1 have setui 

'[ should have seen I may ha v v seen 

I might have seen 

Continuous Perfect. 

I had been seeing T have bei-n seeing 

T should have been seeing T may have been 
T might have been seeing se(*ing 

Passive Voice. — Infinitive Mood. 

Indefinite. Perfect. 

To be seen To liave been seen 

Participles. 

Indefinite : Being seen. 

Perfect : Seen, or having been seen. 

Indicative Mood. 

Past. Present. Future. 

Indefinite. 

I was seen T am seen I shall be seen 

Incomplete. 

I was being I am being I shall be being 
seen seen seen 

Perfect. 

I had been I have been I shall have been 

seen s.‘en seen 

(No CJontimions Perfect in tlie Passive.) 


By Gerald K. Hibbert, M.A. 

Imperative Mood. 

Singular : Be (thou) seen 
Plural : Be (yo) seen 

Subjunctive Mood. 

Past. Present. 

Indefinite. 

I were seen I seen 

I should he seen T may be seen 

I might be s(‘en 

Ificc^mplete. 

T were being scon I lx? being seen 

T should be Ixdng seen T may be being seen 

T might be being seen 

Perfect. 

T bad bof'n seen I have been seen 

1 shoubl have been seen I may have been 
r might have been seen seen 

The four 8im])le tenses of the Active Voice are 
now given in full : 

Indicative Mood. 

Past Indefinite. Present Indefinite. 
T saw VV"c saw I see W(^ sec* 

'riiou sawest You saw Thou seest You see 
He mw They saw He S(‘es They see 
Subjunctive Mood. 

Past Indefinite. Present Indefinite. 

(Same as Indicative.) I see We sec 

Thou eeo You see 
He see riicy see 

The Compound Tenses are conjugated exactly 
like the corresponding tenses of “ ho ” and 
“ have,” ex(M‘pt those tenses of the subjunctive 
containing ma>/^ mightf and should. These will 
bo dealt with below. 

Impersonal Verbs. In such expressions 
as “ it thiinders,” “ it hails.” “ it behoves,” 
“ it seeinH," the subject is general and undefined. 
The it does not repr(*st*nt any definite noun as 
the subject. In “ it thunders,” for oxamide, 
there is no particular it that is thundering : we 
simply mean “ there is thunder somewhere.” 
Tliese verbs are therefon* ealled Impersonal. 
there being no p(‘i*son expix'ssed or urulia’stood 
as subject. 'Fhey an^ always in the third 
])erson singular, though, of course, they can be 
of different* tenses — e.g.. it thundered, it trill 
hail. While it is usually ein])loy<id as the 
grammatical subject of such verbs, oecasionally 
there is no subject oxprcssi^d at all : as. tnc- 
thinks ( - it seems to me), meseerns, mayhe; 
also, if yon please, which strictly means if it 
please you, it being subject and you o)>jeet. 

Auxiliary and Notional Verbs. If 

we compare the sentences “ I have lost six- 
pence” and “ I have sixpence,” we see a great 
difference in the two uses of have. In the first 
sentence it ha * no meaning of its own, but simply 
“ helps ” to fori^ the Present Perfect tense of 
** lose.” In the second sentence, it hits a mean- 
ing of its own, nam dy, “ I pot'soss. In the 
fii-st case it is an Auxiliary (helping) Verb, in 
the second a Notional Verb (sometimes called 
Princijjal). The saiu’ applies to shall, tvill^ 
may, do, be-^e.g., ‘‘I shall go to-morrow” 
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(auxiliary), and “ You shall (i.c., nitwit) do it” 
(nolional). “ I will see you before lonf? ” 
(auxiliary), and “ I will have my own way ** 
(notional). “ It may be wot to-morrow (aux- 
iliary), and “ You may (i.e., are permitted to), 
go *’ (notional). “ Do you think so? ” (auxiliary), 
and “What will you do (notional). “lam 
coming (auxiliary), and “ I am a man ” (national). 

Defective Verbs. All the above- 
mentioned verbs (except have and he), when 
used as auxiliaries, are “ deficient ” in certain 
tenses. They have no infinitive and no par- 
ticiples (e.q., we cannot say “ to slmll ” or 
“ shalling ”), and, therefore, have no compound 
t(»nses. Of course, when used as notional verbs, 
they art^ not necessarily defective. Thus, “ to 
will ” (meaning “ to resolve ’•) has all the com- 
pound tenses, “ I have willed,” etc. 

1 . 1)0 

Infinitive Mood. 

Indefinite, ('ro) do ; Incomplete (or Imper^ 
feet), (To) bo doing ; Complete (or Perfect), (To) 
have done. 

Participles. 

Imperfect, doing ; Perfect, done ; 
Compound Perfect, having done. 

Indicative Mood. 

Past Indefinite. Present Indefinite, 

J did We did I do We do 

Thou didst You did Thou dotist You do 
or dost 

He did They did He doeth They do 
or doth 
or docs 

When used as a notional verb, do is con- 
jugat(;d in full ; but when as an auxiliary, only 
the present and past indefinite arc used (do and 
did). Doest and doeth are only used in the 
notional sense — e.g., “ Doest thou well to bo 
angry? ” 

In such phrases as “ That will do,"" “ How 
docs this dx) ? ” the do is quite a difTcrent verb, 
moaning “ to suit, to avail ” (from Anglo-Saxon 
dugan). We ought not to use did as the past 
tense of this do, though w*c are constantly using 
phrases like “ I wa.s anxious to see how it 
did."" 

2. WILL 

Indicative Mood. 

Past Indefinite. 

I would Wc would 

Thou wouldst You would 

He would They would 

Present Indefinite. 

I will We will 

Thou wilt You wdll 

or wiliest* 

• He will, willeth*, They will 

or wills* 

Subjunctive Mood. 

Past Indefinite, I would, etc. (same as Past 
Indicative). * 

(No Pre.sent Tense.) 

♦ The forms wiliest, willeth, and wills are not 
used when the verb is an auxiliary. When will 
means “ to exercise the will,” or “ to bequeath 
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by will,” it has a full conjugation — e.g., “ This 
property was willed to me by my uncle,” 
“It is not of him that willeth, nor of him that 
runneth,” etc. (Romans). 

The past indicative would is used os an 
auxiliary only in reported (or indirect) speech, 
to take the place of will in direct speech — e.g., 
“ He will come soon ” (direct) ; “ He said that 
he would come soon ” (indirect). 

Will is also used to express a customary or 
frequently repeated action — as ; “ He will play 
for hours,” “ When he was young, he 7vould 
spend whole days in the fields and hedge- 
rows.” 

Won"t comes from wol, an old form of will. 

When will is an auxiliary verb, it has no 
infinitive, no imperative, and no participles 
(consequently, no compound tenses). 

3. SHALL 

Indicative Mood. 

Past Indefinite. 

I should We should 

Tlion shoiildst You should 

He should 'I’hey should 

Present Indefinite. 

I shall We shall 

^I’hou shall You shall 

He shall They shall 

Subjunctive Mood. 

Past Indefinite. 

T should We should 

Thou shoiildi'st You should 

or shouldst 

He should They should 

Present Indefinite. 

(None. ) 

No Infinitive, Imperative, or Participles, 
wliethcr used as auxiliary or as notional verb. 

The past indicative should is u.sed as an 
auxiliary only in reported speech, reprc.senting 
shall in direct speech. 

Shall comes from Anglo-Saxon sculan = to 
owe, and hence arose the meaning of obligation — 
as : “ He shall do it,” “ You should answer 
when your mother speaks.” When shall retains 
this idea of “ obligation ” it is a notional verb ; 
used ns an auxiliary, it loses this force. 

Both shall and ivill are followed by the 
infinitive without to — as : “ He will not come."" 

4. MAY 

Indicative Mood. 

Past Indefinite. 

I might We might 

Thou mightest You might 

He might They might^' 

Present Indefinite. 

I may Wc may 

Thou mayest You may 

or mayst 

He may They may 

Subjunctive Mood. 

(Same as Indicative.) 

Might gets the g from the Anglo-Saxon form 
of may, which was maey (German, m^en). 

May has no infinitive, imperative, or par- 
ticiples ; and in its indicative mood it is never 
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auxiliary, but always notional— c.^., “ You 
may go *’ (t.e, “ You are permitted to go *’), 
“ The lieh might be seen rising at any hour 
almost ” (».€., it was possible to see them). In 
the subjunctive mooci, of course, it can be an 
auxiliary — e.gr., “ We eat in order that we may 
live,” “ May it bo so,” “ I am come that 
they might have life.” 

[There is a totally distinct verb “ to may,” 
meaning ” to gather may- blossom.” This verb 
is fully conjugated in the active voice, as “ 0 
that we two weremaying.” Being intransitive, 
it has no passive.] 

Wo have now discussed all the auxiliary 
verbs, namely, have, do, wilU shall, and may, 
Th<; following three verbs, can, must, and 
ought, are sometimes called auxiliaries ; but 
they do not help to form any tense, mood, or 
voice of any verb. 

5. CAN 

Indicative Mood. 

Past Indefinite. 

I could We could 

TJiou coiildest You could 

or couldst 

He could Tli(‘y could 

Present Indefinite. 

T can We can 

'riiou caust You can 

He can They can 

Subjunctive Mood. 

Past I nde finite. Present Indefinite. 

(Same as Indicative.) (None.) 

No Infinitive, Imperative, or Participles. 

Can is from an old verb cunnan, meaning “to 
know ” (German, konnen). “ I can read ” 
therefore really moans “ I know liow to read ” — 
e.g., Lycidas. “ Ho knew to sing/’ We hav'e this 
meaning still preserved in “to con,” and in flic 
vScotch “ to ken.” “ Cunning ” is the old 
imperfect participle of this verb, and conlh the 
past participle (cf. uncouth, which means 
unknown and therefore strange). 

As can originally meant “ to know,” it ra^ 
quired no infinitive — cf Hamlet, “ '.rhey can 
well on horseback ” ; Lay of the Last Min- 
•itrel, “ Other prayer can I none.” Bacon even 
has “ not to can.'" 

The I of could does not belong to the verb ; 
it was inserted owing to a false analogy with 
should and would. It should strictly bo spelt 
coud. 

Can is always a notional or principal verb — 
e.g., “ I can write ” (i.e., “ I am able to write ”); 
“ I would if I cemld ” (i.e., “ I would if I were 
able ”). To call such sentences examples of the 
“ Potential Mood ” is absurd ; in the first 
sentence can is a simple indicative, and in the 
second, could is a simple subjunctive. 

[To can, meaning “ to put into a can,” is, of 
course, quite regular.] 

6. MUST 

Like can, this is always a notional verb. It 
has no inflexions for tense or person, all the 
persons of each number r’f each of the two 
indicative tenses being alike must. It has no 
subjunctive, infinitive, imperative, or participles. 


The old form of the present indicative was : 
I mot. Thou most. He mot, which shows that the 
a does not strictly belong to the first and thkd 
persons singular. 

The past indicative must is used only in re- 
ported speech — e.g., “ I must go (direct speech, 
present tense), “ He said that he must go 
(indirect, past ten .^i*, meaning “ that he was 
obliged to go ”). 

7. OUGHT 

Ought is the past indefinite b'nso of owe. 
Thus, in Shakespeare’s “King Henry IV.” thc' 
h()st(‘S3 says, “ Ho said this other day you 
ought ( = owed) him a thousand pounds.” It is 
now used as a present, in the seiwe of moral 
oblig.ition, as “ I ought to bo a better man.” 

With both must jfiid ought, to expiwss a past 
tense the verb following requires to bo in th<‘ 
perfect infinitive, as “ I ought to have done it at the 
time,” ” You must have enjoyed your trip.” 

Owe originally meant (o own. to possess, as 
“ This is no mortal business, nor no sound that 
the earth owes ” (“ Tempest ”) ; “I am not 
worthy of the. wealth I owe ” (“ All’s Well ”). 
and the modern adjective own is the past par- 
ticiple of this verb (“ Give me back my own 
money ” means “ Give mo back the money you 
possess for me ”). 

Owe, “ to be in debt,” is quite regular : 
I owed. I shall owe, etc 

8. DARK (to venture) 

The third person singular of the present 
indicative is properly ” ho dare,” not “ he 
dares.” The n'ason is that “ I dare ” is an old 
past tonse, and is not really a }>resont at all — 
€.{/., “*Minc unworthiness, that dare not offer, 
etc.” (“ 'I’cmpest ”). We now use “ I durst ” as 
the past tonse of dare, followed by the infinitive 
without to, as “ Ho durst not do it.” When 
dare is a transitive verb meaning “ to challenge,” 
it is perfectly regular (past tense dared, as “ She 
dared him to come on ”). 

i). NEED 

When to need moans “ to lack, to be in want 
of,” it is perfectly regular. But wlien it means 
“ to be under Iho necessity of doing a thing,” 
the third person singular present indicaitive is 
often “ h(i needP not “ he needsf^ as, “ He iumhI 
not go just yet.” (Contrast this with “ IIc needA 
brains ” — i.e., “ he lacks brains.” Note that 
needs in sentences like “ Such things must needs 
be ” is an adverb. In the Authorised Version of 
the Bible the usual form of the third person 
singular present indicative is needefli. 

10. WIT (to know) 

Indicative Mood. 

Past Indefinite, 

I wist Wo wist 

Thou wist You wist 

He wist Tlioy wist 

Present Indefinite. 

I wot » We wot 

Thou wottost or west You wot 

He wotteth or wot They wot 

Present Infinitive— T o wit. 

Present Participle— Witting or wotting (cf. 
unudUing, Milton unweeting). 
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Examples ; 

“ ’Twos I did the thing you wot of ” (“ Two 
Gentlemen of Verona ”). 

“ My master wotteth not what is with mo in the 
house ” (Genesis). 

“ He that was healed wist not who it was ” (St. 
John). 

'J''hi8 verb is hardly ever used now, except the 
infinitive to wit in the sense of “ namely,” “ that 
is to say,” representing the Anglo-Saxon gerund 
to wUanne. 


11. QUOTH 

Quoth is the past tense of rwethan ( — to say — 
note, the infinitive termination an). It is used 
only in this tense, and only ui the first and third 
l^cr.sons singular. It always comes before its 
subject, as quoth he, and is used parenthetically 
for “said I,” “said he.” Examples: Quoth 
the raven, ‘ Nevermore ” ‘ To tame your 
fierce temper,* quoth she ” (Browning). 

12. ME-TIIINKS 

This is not “ T think,” hut “ it seems to me,” 
the me being dative or mdirect object, jind 
thinks being third ptTson sin'^ular present indica- 
tive of thyncun — to seem. The only forms in use 
are me-thinks and me-thought. Milton has the 
form hhn thought^ '"' Him thought, ho by the 
brook of Cherith stood.” In “ Richard III..” 
Act iii. Scene 1, some read “ Where it thinks 
best unto your royal self.’* 

13. LISTS 

In me-lists ~ it pleases me, and him-listed, lists 
is an impersonal verb (c/. “ when and where 
likes [pleases] mo best” — “ Paradise Regained ”). 


List is also used personally, as “The wind 
bloweth where it listetk,” “ Whithersoever the 
governor listeth.'* 


14. WORTH 


This verb is used only in the third singular 
present subjunctive, expressing a wish, as, 
“ Woe worth the day ” — “ May woe befall the 
day” {day being indirect object or dative). It 
is from the old verb weorthan = to become 
(German, werden). 


15. HIGH'!’ 

Hight means “ w’as called,” “ was named.” 
It is from an old verb hatan. “ to l)o named " 
((ierman, heissen) — e.g., “ That shallow vassal . . . 
hijht Costard ” (“ Love’s Labour Lost ”). 


16. i)i(;H'r 

Tliis is past pariicijde of dihhin ~ to deck, to 
adorn — e.g. : 

With their small feet purple-sandal’d 

And their arms with bracelets dight.'' 

“ Who checks at me, to death is dight.'^ 

(Ma rhiion.) 

Exkhcisk 

Explain ev(‘ry should and ivouhi in the follow- 
ing : 

She w’ould oftt‘n say “ Would 1 were a man ! 
1 should have been, for then I would have shown 
the world a lesson it would never forget.” I 
would reply that I should not attempt to argiu» 
with her lest she should get angry ; but 1 now 
often think that I should have done so. For 
perhaps I should have eonvin'ed her that it 
would not have been so easy. Should I, or should 
T not , f wonder ? 


('<0 finned 


FRENCH 


By Louis A. Barb^, B.A7~j 


THE NOUN 
Gender. 

1. In French there are only two gcndt*rs, 
masculine and feminine (le niasculin, le jhninin.) 
The rules for ascertaining the gender of nouns 
are based on their meaning or on their ending. 

Gender accokdino to meaning. 

1. Masculine. 

(а) Nouns indicating males are masculine: 
le scldat, the soldier; le marin, the sailor; 
le capitaine, the captain ; le labour eur, the 
husbandman. 

Exceptions are : une connaissance, an acquain- 
tance ; une dupe, a dupe ; unepersonne, a person ; 
une victime, a victim ; and some military terms, 
such as: une sentineUe, a sentry; une recrue, 
a recruit, which are feminine. 

(б) The names of the days of the week, of the 
months, and of the seasons are masculine. 
They are : 

dimanche, Sunday. mercredi, Wednesday. 

lundi, Monday. . jeudi, Thursday. 

mardi, Tuesday. vendredi, Friday. 

samedi, Saturday. 


^jancier. January. 
jhrier, Febi uaiy. 
mars, March. 
avrih April. 
mni. May. 
jiiin, June. 

printemps, spring. 
ete, summer. 


juHU'f. duly. 
aodt, August. 
sf ptembre. Sept tun b: u-. 
ortobre, October. 
Horembre, November. 
decembre, December. 

auiomne, autumn. 
hirer, winter. 


The mid-month is formed by prefixing mi-, 
and in that case the noun becomes feminine : 
la mi-janvier, la mi-aout. 

(c) The names of trees and shrubs are mascu- 
line: le chine, the oak; le hetre, the beech; 
le pommier, the apple-tree ; le rosier, the rose-bush. 

Exceptions are ; une aubepine, a hawthorn ; 
la hruyire, heather ; la hourduine, the black alder ; 
une hiihle, a dwarf elder ; la ronce, the briar ; 
la vigne, the vine ; une yeuse, an evergreen oak 
all of which are feminine. 


(d) The names of metals, minerals, gases, and 
chemical substances are masculine : le fer, iron : 
le mercure, mercury : Voxygene, oxvgen ; le nitrate, 
nitrate ; Vetain, zinc ; le manganese^ manganese ; 
U jais, jet. 
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Exceptions are: Vanjile, clay; Viujate, agate; 
In craie, chalk ; lahouilk, sea-coal ; lachaux, lime. 

{e) The names of colours are masciilino : 
k rouge, red ; le bleu, blue ; le blanc, white. 

An exception is la sepia, sepia — e.g., un dessin 
d la sepia, a sepia drawing. 

(/) Names of languages are masculine; le 
frariQais, French ; Vanglais, English. 

{g) Names of weights and measures (in the 
decimal system) are masculine : le metre, le 
litre. 

Exceptions : Some of the old names that 
occasionally used, particularly for the literal 
translation of English weig'its and nnuisun^s, 
an^-feminine : 

line anne, an ell. une lirre^ a |K)und. 

une brasae, a fathom. nne onre, an o iiicts 

ttne coudee, a cubit. une. p\nf(\ a pint. 

unelieue, a league. une guarte, a (juart. 

(h) The points of the ‘ornpass arc masciilini* : 
k nord, north. Vest, i‘a<t. 

le sud, south. Voueat, west. 

(t) The names of mountains are masculine 
except in some plural forms, as; les Alpe,% ka 
Pifrenees, lea Voagea, ka Pevenves, which are 
feminine. 

(y) All words belonging to other puls of 
speech are masculine when used as nouns : k 
sublime, un sixieme (one-sixth), le. manger et le 
hoire (ealiig and drinking), lea imia et les si 
(hut’s and if's). 

2. Feminine. 

(a) Nouns indicating females are feminine: 
la nkre, the mother ; la amar, the sister. 

Exceptions : The following nouns remain 
masculine even when applied to women ; 
un amateur, a lover or un peintre, a painter, 
fancier (of animals, un philoaophc, a pliilo- 
art, etc.). sopher. 

un ange, an angel. un fHfaseaaeur, a pos- 

un artisan, an artisan. scssor. 

un auteur, an autlior. un poric, a poet. 
un censeur, a censor. un prof ease ur, a pro- 
un chef, a chief. fessor. 

le defenseur, the de- un aauveur, a saviour. 

fender. le auxeeaaeur, the sue- 

nn docteur, a doctoi*. ce.ssor. 

Cecrivain, the writcj’. le temoin, tlie witness. 
Vimpoateur, the im- un tradurteur, n inxm- 
poator. lator. 

un partisan, a partisan, un tyran, a tyrant. 

(h) Abstract nouns, the names of arts, scienc e, 
professions, virtues, and vices, are feminine : 
la sagesse, wisdom. la chimie, chemistry. 
la peirUure, painting. la charite, charity. 
la poesie, poetry. V avarice, avari ’c. 

The following, all of whic h are masculine, are 
exceptions to this rule : 
le courage., cou/age V argued, pride. 

It dessin, drawing. k pe'die, sin. 
le jeu, gambling. le plaiair, pleasure. 

le mensonge, lying. le vice, vice. 
le merite, merit. le zek, zeal. 

Note, The gender of most words included in 
both the rule and the exceptions can also be 
determined by their endings. 


(c^ The names of diseases and ailments are 
feminine: la tuux, cough; la fihre, fever; 

la rougeole, measl(3s ; la petite verok, small pox ; 
une. migraine, headache ; la coquclnche, whooping- 
cough ; la grippe, influenza ; la goutte, gout. 

Exceptions are : le cholera, cholera ; un rhume, 
a cold ; le rhumatisme, rheumatism ; le typhus, 
typhus. 

(r/) The names of fruits are feminine: lapomme, 
the apple ; la ceriae, the cherry ; la prune, the 
plum ; la poire, the i ear. 

Exceptions are ; un ananas, a pineapple ; 
k brugnon, the nectarine • un nhricot, an apricot ; 
un Cding, a quince ; un citron, a lemon ; dea cassia, 
l)i;u*k-currants ; un raiain, a grape, all these 
h(‘ing masculine. 

(e) The names of festivals and saints' days 
are huninine, even when the saint's name is 
masculinij : La Tuuaaaint, All Saints’ Day ; 
Li Saint- Michel, .Michaelmas. 

An exception is k Xocl, ( hristmas. 

(jiENDEll ACCOKPING TO TERMINATION. 

1. Masculine. 

{a) Nouns ending in h, c, d, g, I, p, g, oi j 
are all masculine : 

k ploud), lead. le bard, the oairel. 

k. hac, the ferry. le coup, the blow. 

k bord, the edge. le cx)q, the cock. 

le rang, the rank. le nez, the nose. 

(6) F is a masculine en ling, except in la clef, 
the key ; la nef, th(^ nave ; la soij, thirst. 

(c) M is a mas(;uline ending, except in la 
jaim, hunger, and the place name Jeruaahm.. 

(d) N is a masculine ending except in la fin, 
the end ; la main, the hau l. 

(e) It is a masculine ending, except in la 
chair, flesh ; la coar, court, courtyard ; la 
cuiller, sjioon ; la mer, sea ; la tour, the tower. 

(!) S is a masculine ending, except in la brehis, 
sh ’(‘}) (ewe) ; la fois, time (as in ujie foia, once ~ 
on * time) ; la aouria, mouse ; la via, sen^w. 

[g) 'P is a masculine ending, except in la deni, 
tooth ; la dot, dovM’y ; la foret, forest ; la gent, 
race ; lo hart, halter ; la nuil, night ; la part, 
v!»:ire. Jument, mare, is tlie only word ending in 
merit that is feminine. 

(A) \ is a masculine termination, except in 
l i chaux, lime ; la croix, cross ; la faux, scythe ; 
la noix, walnut ; la paix, peace ; la perdrix, 
partridge ; la pair, pitch ; la toux, cough. 

(?’) A is a masculine ending, except in some 
names of dances, as la polka, polka. 

(;■) E (not preceded by t) is a masculine ending, 
as le the, le cafe. 

(k) 1 is a masculine ending, except in la 
fourmi, ant ; la merci, mercy ; une aprea-midi, 
afternoon. 

(/) O. which only occurs as final in / ^rAo,ccho, 
is a masculine ending. 

(m) U and on are masculine endings, except 
in la bru, daughter-in-law* ; la glu, birdlime ; 
la trihu, tribe ; la vertu, virtue. 

(n) Eau is a masculine ending, except in two 
words, I' eau, wati r ; la peau, skin. 

(o) Oi is a masculine ending, except in la foi, 
faith ; la lot, law ; la paroi, partition wall. 
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(р) Nouns ending in acle .and ode are masculine, 
except la debdde, breaking-up of the ice, and, 
figuratively, downfall. 

(7) Nouns ending in age, ege and ige are 
masculine, except la cagey cage ; la nagCy swim- 
ming ; la plagCy shore ; la rage, rage and rabies ; 
la pagCy page (of a book) ; une iniagey image ; 
une allege, a lighter ; la tige, stalk. 

(r) Nouns in mime are masculine, except la 
panme, palm (of the hand), tennis. 

{s) Nouns in aire are masculine, except une 
affaire, affair ; la circulaire, circular ; la chaire, 
pulpit ; la paire, pair ; aire, area. 

{t) Nouns in asme and isrne are all masculine. 

(и) Nouns in dire, itre, isle and ogne are 
masculine, exta'pt la rmrdtre, stepmother ; awe 
huitre, oyster ; la vitre, window-p.ane ; la piste, 
track ; la vogue, vogue ; ime eglogue, ('clogue. 

2. Feminine. 

(а) Nouns ending in mute e preceded by e are 
feminine, except a few proper names, such iis 
AmMee, Persee, and words in which ee represents 
eum, as la mush, museum ; la Colish, Colosseum. 

(б) Nouns ending in mute e preceded by i or u 
are feminine, except le genie, gtaiius ; un incendie, 
fire ; le parapluie, umlmdla. 

(с) Nouns ending in mute e preceded by a 
double consonant are mostly feminine. The 
chief exceptions are le. heurre, butter ; le lierre, 
ivy ; le parterre, llower-bed, also pit (in a 
theatre) ; le tonnerre, thunder. 

(d) Nouns in ode and ude are feminine, except 
le grade, grade, degree ; le camarade, comrade ; 
un interlude, le prelude. 

(e) Nouns in ure are feminine, except un 
augur e, augury ; le murmur e, murmur ; le qmr’ 
jure, perjury and perjurer ; and words belonging 
to the terminology of chemistry, as h cyanure, 
cyanide. 

(/) All nouns in aille and ouille are feminine. 

(7) All nouns in ette are feminine, except le 
squelette, skeleton. 

(h) All nouns in ance, ense, and ence are 
feminine, except le silence. 

(i) Nouns in te are feminine, except le cote, side ; 
le coynite, committee ; le comte, county ; He, 
summer ; enpdte, a pasty ; un traite, a treaty, also 
treatise ; and a few more not of frequent use. 

(j) All nouns in tion are feminine, with the 
one exception of le bastion, bastion. 

(к) Nouns in aison are feminine. 

(1) All abstract nouns in eur are feminine, 
except Vhonneur, honour ; le labeur, toil ; le bon- 
heur, happiness ; le malheur, misfortune. 

Double Gender. 

Some words that are spelt alike differ in mean- 
ing according as they are masculine or feminine. 
Of such worils the following occur frequently ; 
le crepe, crape. le mode, mood. 

la crepe, pancake. la mode, fashion. 

le livre, book. le mousse, ship- boy. 

. la livre, pound. la mousse, moss. 

le manche, handle. le page, page (boy). 
la manche, sleeve, la page, page (of a 

le memoire, memo- book). 

randum. le pendule, pendulum. 

la memoir ', memory. to pendule, timepiece. 
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le pode, stove, pall. la tour, tower, 
to pode, frying-pan. le vase, vase. 
le poate, post, station, to vase, ooze, mud. 
to paste, post-office. le vapeur, steamboat. 
le somme, nap. to vapeur, steam, 

to somme, sum. le voile, veil. 

le tour, turn, trick, tour, to voile, sail. 

Exercise V. 

Vocabulary, 
annee (f.), year, (a-ney) 
arbre (m.), tree, (ar-br) 
arbrisseau (m.), shrub, (ar-bn^s-sy) 
fieur (f.), flower, {flfir) 
fruit (m.), fruit, (frii-t^) 
le^on (f.). lesson. (Vh-son- ) 
mois (m.), month, (mwah) 
neige (f.), snow, (nayj) 
saison (f.), season, (say-zori^ ) 
dfrriere, behind, (dtr-r^-err ) 
premier (m.), first, (pre-mt^'-ey) 
premiere (f), first. (pre-mt^‘.-err) 
qualre. four, (kuhtr) 

1. There are four reasons: [the] spring, 
[the] summer, [the] autumn, and [the] winter. 

2. Spring is the fu’st season of the year. 

3. Winter is not the season of [the] flowers. 

4. In (en) summer there is no snow. 5. The 
month of Dc(;ember is one of the months of 
winter. 6. The apple is the fruit of the apple-tree. 

7. The briar has no fruit. 8. The oak is a tree, 
[the] heather is a shrul). 9. There are a beech 
and a hawthorn behind the house. 10. He has 
a plum, she has an apricot, and we have some 
cherries. 1 1 . There is a bird in the cage. 
12. The children are on the shore. 13. Tlie 
brother and sister have the moaslcjs. 14. I have 
a headache. 15. Lying is a vice. 16. The 
sentry is not a recruit. 17. ddierc is a juetiire 
on the first page of the book. 18. 1 write with 
chalk. 19. The sailor and the ,cal)in-boy love 
(aiment) the sea. 20. The end of the lesson. 

KEY TO EXERCISE IV. 

1. I.»e papier du livre. 2. I^e heros de 
riiistoire. 3. Le haut de la maison. 4. Le 
crayon de I’enfant. 5. Voila la plume. 
6. Voila la regie. 7. T/encre est dans I’encrier. 

8. L’encricr est sur la table. 9. II y a un 
encrier sur la table. 10. La hauteur de la 
maison. 11. II y a un livre, un encrier, un 
buvard, une r('*glo et un cahier sur la table. 
12. De la chaisjo a la table. 13. Le p6ro et la 
m^re sont dans la maison. 14. La charito est 
unevertu. 15. Lefer est un metal, 16. L’homme 
a un frere et une sceur. 17. Lcs enfants ont 
des grammaires. 18. Voil^ le livre d*^ des 
enfants. 19. J’ai parle aux enfants de la femme. 
20. J’ecris au frdre et k la sicur, 21. J’ai des 
crayons. 22. Elle n’a pas d’oncre. 23. Vous 
avez besoin de plumes et de papier. 24. II a 
de bons livres. 25. Vous avez des crayons et 
du papier ; nous n’en avons pas. 26. Vous avez 
de bonnes plumes. 27. Le pero de I’enfant a 
une maison. 28. Voil^i le pero de I’enfant. 
29. Elle a besoin d’encre et de papier. 30. L’or 
et i’argent sont utiles aux hommes. 31. Les 
enfants n’ont pas de patience* 32. La patience 


est une vertu. 
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The Working Scale. Schedule of Sizes. 

Disproportionate Figures. Coat Drafting. 

A DOUBLE-BREASTED COAT 


Block Patterns. A pattern cut precisely 
as explained and illustrated in the last lesson 
(see page 793) will be found a valuable 
guide, and a model by whicjh other shapes 
may be cut ; in fact, man}^ cutters in practice 
prefer to use block patterns as against draft- 
ing fancy styles of coats by system. The 
custom is to produce them in stout cardboard, 
having the suppressions only partly cut to jirc- 
servo strength. The position of the breast and 
waist-lines, and also the sleeve pitches, are 
indicated by notches, and in many instances 
they have the metisuros printed on them. 

The Working Scale. From the in- 
struction already given it will be gathered that 
many of the essential points are found by a 
division of the “Scale,” and failing further 
explanation one might well assume that in all 
sizes the scale is found by halving the chest. 
But this is not the case, owing to the fact that 
development is not equal at all stages of hfe. 

The child is big in shoulders, nock, arms, and 
waist, relatively speaking, whereas adults who 
are inclincfd to stoutness are decidedly small in 
shoulders, etc., as compared with the ideal woman 
of 3C chest ; consequently, those peculiarities 
must bo mot by enlarging the scale for small 
sizes, and reducing it for those above 36 chest. 
The method is os follows : 

For figures above 36-in. chest measurement, 
deduct J for every size over 36, and halve the 
result to find the scale. Thus wo will take a very 
extreme size for an example; 48 chest i.s 
12 in. larger than 36 ; deduct 12 quarters (3 in.) 
from the chest, and so obtain 45,* half of which 
gives us the working scale of 22J in. 

For sizes below the normal add J in. for 
every inch under 36. Thus, taking the girl’s 
24 chest as example ; 24 is 12 in. under, and 


12 quarters (3 in.) added to 24 gives 27, half of 
which is the scale, viz., 13 J in. 

Alteration to scale is aljsolutely imperative 
if our system is to meet the needs of all figures of 
average build, and those methods which will not 
stand the tost of comparative size drafting or 
checking are extremely dangerous in the hands 
of the inexperienced cutter. 

Diagram 18 shows the three sizes compared. 
The dot and dash lines indicate the soye of the 
48 chest, while the dash linos show the 36. 
Tt will be noted that there is not the same 
increase in height of back nock on the largo size 
relalive to oilier parts, and this is rendered 
neces.sary by the upright carriage of most stout 
figures. They need a short back balance, and 
this is brought about by lowering the back nock 
from * to A J for every 2 in. over the 36 
size. Consequently, for a 48 chest to A 
would bo made | in. A to B would then bo made 
2 in., and from * 1o O one-third of scale, plus 2 in. 
as before explained. 

At first the subject of finding the scale may 
appear' a little intricate, but it is a lesson which, 
when once learnt, enables one to cope with all sizes. 

Schedule of Sizes. The , sizes here 
shown are compiled from actual experience, 
and will bo found, if used in conjunction with the 
system, to produce garments which will fit most 
figures of the stated size breast measurements. 
It will prove also a valuable help to those who 
recognise the importanco of drafting various 
sizes in order to grasp the principle of the system 
thoroughly. It is self-explanatory, therefore wo 
will not dwell upon it, except to say that if a 4 in. 
or I in. is added to the scale the result will bo 
that slight case is given to the shoulders, hence 
there is no necessity of treating with so small a 
fraction lus a quarter of an inch. 


SCHEDULE OF SIZES FOR DRAFTING LADIES* COATS 



For Girls 

For Women 

Sizes 

1 

3 

5 

7 

1 

2 

3 

4 

5 

6 

■ 7 

8 

9 

10 

Breast 

22 

24 

26 

28 


32 

.34 

36 

38 

40 

42 

44 


48 

Waist 

22 

22 

22i 

22i 

23 

224 

23 

24 

26 

27 

28 

30 

32 

34 

iSeat 

26 

29 

32 

34 

1 36 

38 

39 

40 

42 

44 

40 

48 

50 

54 

Nape to Waist . . 

12i 

12J 

13 

13^ 

14 

141 

15 

151 

If) 

16 

If) 

10 

16 

If) 

Across Back 

eel-# 

■n* 

4J 

4i 

! 


5J 

51 

6 

61 

61 

7 

71 

:Al 

71 

Sleeve Length . . 

19 

21 

23i 

25 

27 

271 

28 

! 20 

30 1 

30 

30 1 

' 30 

30 j 

30 

Half Neck .. .. 

Ci 

■fii' 

6 

6J 

6} 

7 1 

1 

'Tf, 


1 n 

8 

«i| 

81 


9 

Working Scale . . 

12} 

i3i i 

) 

14i 

15 

1 15} 

B 

174 

18 

181 } 

191 

20} 

21 

211 

22} 


DRESSMAKING, MILLINERY, TAILORING, DOMESTIC MANAGEMENT, COOKERY, 

2o t>„ 


921 






















GROUP 22— PRKS8 


It should also be pointed out that the size 
numbers indicated at the top should be used with 
care, as many firms number their sizes according 
to the ranges of shapes stocked j hence there is 
great variation. 

Extra Allowances. The system pro- 
vides J in. s(;wings at all parl^. In some 
instances it will be necessary to provide a larger 
quantity for turnings, such as to meet the 
requirements of a sorgo that ravels easily, when, 
instead of chalking by the 
edge of pattern pixwious to 
cutting the cloth, it must bo 
marked J in. away, and thus 
provide J in. turnings. 

Additions are also made for 
turn-ups at sleeve ends (2 in.), 
at bottom of coat (IJ in.); 
and in most cases extra cloth 
is left down side seams (1 in.) 
and under arm-seams (1 in.). 

Inlays are also left round the 
front shoulder and top of back 
neck, as a general rule, but in every ease these 
additions are made when planning the pattern 
upon the cloth (see Cutting Cloth) and are 
rarely embodied in paper patterns. 

The question of allowing for seams often troubles 
tho beginner, and we have known many to add 
seams round tho scyo and front shoukkT, which, 
as far as depth or length is concerned, of 
course, is not needed, for if a seam is taken 

off at all parts, tho 

size of shoulders, in- 
cluding depth of 
scye (0 to 8), will 
remain precisely as 
cut — a seam off 
tho shoulder and 
neck is compensated 
for by a seam from 
the scyo base. 

Children's 
Garments; For 
juvenile garments 
increase the size of 
inlays, or what are 
more appro})riatcly 
termed “ outlets,” 
to enable quickness 
of growth — especi- 
ally in height — to be 
coped with. 

D is propor- 
tionate Figures. 

The common forms 
of disproix)rtion met 
with — the majority of figures vary more or less 
from “stock” measures — may be summarised 
as follows ; Stooping and erect figures, and long 
and short necks. 

A stoop is often accompanied by large waist 
and flat chest, and is g^crally classed as 
“poor,” while the erect attitude is usually as- 
sociated with small waist, large breast, and 
backward carriage, and described as “good.” 

Variety in length of neck is purely a local de- 
formation, and may be found to exist in greater 
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CUTTING 


or less degree on all figures, in a similar manner 
as will long arms, extra long waist, high hip- 
bones, etc., bo met with. It will be seen that 
here is ample scope for the practice of observa- 
tion ; for, while tho measures provide for some of 
these peculiarities, they do not cover all, and 
special adaptations must be made to meet them. 

Diagram a [19] shows tho alteration 
(marked in solid lines) from the normal cut 
pattern (dotted lines) to meet the requirements 
of a stooping figure. The 
breast-line, indicated by 
dashes, should be swung down 
from A to D and up from B 
to Cy piv^oting at *. The 
quantity of rise of back and 
fall of front must be consistent 
with one’s view of the par- 
ticular figure to be fitted. 
Generally J in. to J in. is 
sufficient variation. 

It will be seen that the 
back is lengthened at K. 
while the front is shortem*d at F and (r. 
For prominent shoulder- bladei take more out at 
II and I, and fill u[) J accordingly, on account 
of the usual flatness of chest. The reverse 
alteration will bo needed for an erect figure. 

For long or short necks draw a perpendicular 
line from A through point, and add or 
deduct i in. or so, according to one’s estima 
tion of the extent of deformity [19fc]. 

Treat the front 

by ruling from front 
of scyo through 
neck point, and 
alter as shown ; 
quantities to agree 
with those used on 
tho back. Keep E 
and F stationary, 
and advance or 
recede J I, as shoA\ii 
in the diagram. 

If the side length 
has been taken, 
apply such measure 
up from waist to 
base of scye, and 
pass the block 
pattern up or down 
to meet the measure 
taken. (See dot 
and dash lines.) 

We also show tho 
checkings of the 
height of darts 
[19c]. Place tho back neck measure on E, 
and sweep A B the length to breast plus 
J in. Place top of front dart J in. below 
the swoop, and the back dart J in. above 
it. A B agrees with a 12-in measure, 
while C D is for a low typo measuring 
14 in. Tho waist level can also be varied 
similarly. 

. To cut a very easy scye, deepen it at A J in., 
at B ^ in., and at C ^ in. Also add | in. at D, 
and J in. to the sleeve at F and G [19a]. 
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A Double-breasted Coat. In picture 20 
we have a double-breasted jacket fastening with 
three buttons, bold revers rolling low, front cut 
with vertical breast seam, back whole with side- 
seams to scye, and the body made semi-fitting. 

Take size 4 as sample measures for practice. 

Rule line 0 to 30 to the desired length of gar- 
ment ; 0 to 2 two inches, and to 5 three in. below 
int 2 ; 0 to 8 one-third of scale plus 2 in. ; 
to 15 J, the waist length ; to 22J, the hips at 
7 in. down. 

Square lines out as shown. Go in 1 in. at 
15J, and rule through from 0 to bottom. 

0 to 2J, one-sixth scale, less J in. Shape back 
neck as shown. Apply back width, adding ^ in., 
and square the line up at back scyo. Spring 
out J in. beyond point F. Shape back shoulder. 

From J to A, half-chcst, plus 2 in. Go back 
A to B half-scalo less, J in. Place C J in. back 
from the centre of A B and square up half- 
scale 9 in. to 1). Rule D to F for shoulder slope. 

Square out from 1) to E one-sixth scale, less 
J in., and draw 
through from E to G 
and H, for true centre 
line. D to N IJ in. 
more than back 
shoulder scam from J 
to F. D to M 3 in., 
or to taste. Take 
out 1 in. at M. For 
flat bust close M, and 
for extra prominence 
open it more than 
the quantity stated. 

Rule from N to point 
IJ, and shape the 
scye as shown. 

Go down 3 in. from 
E, and square out 4 
in. for a moderately 
heavy revers. Raise 
I in. at 4, also mark 
the vee at 1 J in. from 
centre line and cut in 
the direction shown. 

Beyond G and H add 3 in. for the overlap. 

Position of Seams. The width of back 
at waist is largely a matter of taste. First cut 
off J in. from back line as per dot and dash lino, 
owing to there being no seam in the cenlre ; 
then, assuming we want the whole back at waist 
to make up C in., mark from crease edge line to 
point 4J, 3i in. — that is, half the width plus one 
seam. 

Mark the back section J in. wider at the hip 
lino, and carefully shape the seam to agree with 
the diagram. Take out one inch at 4J-— 5J, and 
overlap the side piece | in. at the seat. Continue 
the run of seam to the sleeve pitch, opening it 
J in. at point 6. 

From G to L, ono-sixth of scale plus J in. 
Draw L to I parallel to G H. Take out one-sixth 
of scale less | in. at L, and one-sixth plus J in. at 
hip line. Shape the seam, placing most im- 
portance on the line of front. 

It will be noticed that the seam imns at half- 
way between B and A, or J in. in front of C; 


but this position is by no means fixed. Close 
suppression at L at 2J in. down from C, and 
drop J in. at K. Sweep from K forward by 0 
and so find I; and from I to J by point A, 
which operation will be found to produce a 
level nm of bottom. 

For the under-arm seam go back 2J in. from 
B, and square down. Take out J in. at front 
and J in. at back as shown. The half-hip 
measure plus IJ in. is made up at side. 

The sleeve draft [21J is practically the same as 
No 17, but in this Crise it will be seen that the 
back pitch is about 1 in. lower, consequently 
from 5^ to 2 is that quantity less than in No. 21. 
Further, owing to the extra width of top half, 
it is preferred to makti the hind-arm variation 
shown on diagram 21, which consists of making 
from 2 to D one-third of scale plus one inch, and 
])lacing C at 1 in. back from D. The position 
of the scam is also changed ; at the cuff from 22 J 
to F is ma(h^ one-third of scales l(*ss J in., and E is 
placed 1 inch in. The alteration has the eff(‘ct 
of bringing the seam 
further under the arm. 
When basting the 
under-arm seams, ease 
on the top half D 
to ('!, or the balance 
of sleeve will bo dis- 
turbed. 

Cutting the 
Collar. Having cut 
the front section, lay 
the neck portion upon 
another sheet of paper 
in order to draft the 
collar [22]. 

Lino O 0 repre- 
sents the break line, 
or crease of lapel, 
drawn from a point 
1 in. out from hollow 
of gorge to the desired 
length of opening. 
From the neck point 
A measure up to 
point C 2i in., or J in. more than the width 
of back neck. Square D F through 0 by 
0 0 . 

The average height of collar-stand is 1} in., 
and depth of fall 2 in., consequently the dif- 
ference between stand and fall is J in., and this 
is used to find the distance from 0 to B. Hard 
line B * represents the top crease of collar. 
B to F the stand ; B to 1) the fall ; D to E 
the difference, J in. 

Shape outline as shown, keeping to the gorge 
from I to J, and giving | in. opening, or over- 
lap, at G. The position of H is entirely a 
matter of taste, depending upon the quantity of 
opening desired between collar-end and point of 
rever. ^ 

The * represents the point where the crease 
leaves the line 0 0 . 

Cut out the pattern so that there are 
seven parts — viz., front, side front, under- 
arm piece, back, the top sleeve, the under- 
sleeve, and the collar. 
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GROUP 23-METALS & MINERALS AND THEIR MANUFACTURES-CHAPTER 7 


The Theory of Bessemer Steel Production. The Bessemer 
Converter and its Operation. Modifications of the Process. 

MAKING BESSEMER STEEL 


In the Bessemer steel proeess — forcing air 
* through molten pig iron in numerous small 
jets — the silicon and carbon become rapidly 
oxidised, and produce sufficient heat to maintain 
the iron in the liquid state until it is completely 
purified. Two different modes of working are 
adopted, according to the nature of the pig iron 
and of the lining of the vessel. These are termed 
the acid and basic processes respectively. Sir 
Henry Bessemer’s great invention is not confined 
to blowing air through molten pig iron, but 
includes numerous mechanical ap])liances 
invented by him for carrying out the process, as 
well as the shape and construction of the con- 
verter. The original vessel was fixed with air 
inlets at the side, but this was soon replaced by 
a tipping converter, supported on trunnions, the 
air being injected at the bottom. After trying 
various patterns, he adopted the pear-shaped 
vessel now commonly employed. The inventor 
perceived the great advantage of conserving 
the great heat of the ingots by covering them, 
when stripped, with hot sand, from which the 
still red-hot ingots were carried to the rolls. 
This was the first crude idc^a of soaking-pits, 
afterwards so successfully applied by ^jers. 

Acid Process. In the acid procc.ss, the iron 
employed is a grey luematite pig, rich in silicon 
and very low in phospliorus. It is generally 
melted in a cupola and run into the converter 
when in the horizontal position. The blast 
is turned on and the vessel rotated into the 
vertical position. In the first stage the graphite 
is changed into combined carbon, and silicon is 
oxidised, forming a slag with oxides of iron and 
manganese. In the second stage the carbon is 
oxidised to carbonic oxide, the evolution of 
which causes a violent action, with the ejection 
of showers of sparks and a brilliant flame. As 
soon as the carbon is removed the flame drops 
and the blow is stopped. About 10 per cent, of 
spiegeleisen or its equivalent of ferro-raanganese 
is tlien added, and imparts the necessary carbon, 
the manganese taking up the oxygen from the 
iron, thereby forming oxide of manganese, which 
passes into the slag. 

The length of the blow depends on the quality 
of the pig iron, and chiefly on the silicon and 
manganese content. It varies in duration from 
15 to 30 minutes. The loss of iron in the process 
varies from 15 to 20 per cent. 

The steel is poured into the casting ladle, 
which rests on the jib of a ladle crane. This 
crane now swings the ladle successfully over 
the ingot moulds standing In the casting ring, 
and the steel is run into the moulds through a 
nozzle in the bottom of the ladle by raising the 
internal stopper by means of a lever on the outside. 


1116 ingot moulds are lifted from the partly- 
solidified ingots by the ingot cranes and by means 
of tongs, termed dogs, hanging from these cranes. 
The ingots themselves are lifted and carried 
to the heating furnace in the rolling department. 

After discharging the steel, the converter is 
inverted to tip out the slag, and repaired, if 
necessary, before running in another charge. 
The oxide of iron produc(‘d by the blast on the 
ends of the twyers gradually corrodes them, 
so that the twyers become gradually shorter 
and the bottom thinner. After 15 to 20 heats 
the bottom is removed and renewed. 

Limitations of the Acid Process. It 
has already been stated that the acid process is 
applicable only for pig iron low in phosphorus. 
Imt suffioi(‘nt silicon must be present to yield 
the necessary h(‘at. Tim varietit's of iron used 
in this country art^ those smelted from haematite 
or magnetic ores. Since the purili cation of the 
crude metal is effected by the oxygen of the air, 
it is obvious that the greater fluidity of grey iron 
is advantagi^ous, as the plastic condition of 
molten white iron is liable to interfere with the 
passage of the air through the molten metal. 
In fact, white iron can be treated only with 
inerciused waste, espoeially as it is deficient in 
silicon. Moreover, wliite iron is ofh^n much 
higher in sulphur than grey iron. Also, the carbon 
being in the combined form, the production of 
carbonic oxide takes place at too early a stage of 
the process, and afterwards, tJie carbonic oxide 
being present in insufficient quantity, the 
requisite high temperature is not attained. 

The chief essentials, then, in the composition 
of the pig are a very low percentage of sulphur 
and phosphorus, with about 2 per cent, of silicon. 
Both silicon and manganese can bo practically 
removed by the blow, as both elements are 
oxidised and unite to form a slag. The follow- 
ing analyses give the composition of some 
Bessemer pigs. 


MATERIAL 

Ciirlwn. 

Silirun. 

Maii- 

gaiiuse. 

PhOB- 

pliuruB. 

Sulphur. 

Charcoal pig 

3’ 90 

1*96 

306 

0*04 

0*02 

(Jrcenwood 

3-75 

1*76 

0*13 

0*08 

0*14 

Sneius 

Staffordshire 

3-27 

1-95 

0*09 

0*05 

0*14 

3-94 

V 61 

0*12 


0*03 

.Tordan 

4*40 

1*81 

1*08 

0*01 

0*04 

American . . 

3*10 

0*98 

0*40 

0-10 

006 


Howe stated in 1890 that while there are 
American mills where 2 per cent, or more of 
silicon is present in the charge, the majority use 
less than 1*76 per cent., and what appears to be 
the most characteristically American practice has 
habitually only 0*66 per cent, to 0*9 per cent, 
of silicon. In order to blow iron with such little 
silicon successfully, the heats must follow each 
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Other quickly, and the vessels and ladles must 
be very hot. He considers that as far as con- 
venience of blowing is concerned, 125 per cent, 
of silicon is the best proportion. Metal with 
0*6 per cent, of silicon has been blown in Sweden, 
but this is done only when the initial temperature 
is very high. For low silicon, then, quick blowing 
and short intervals are necessary. 

Results of the Acid Process. In the 
acid process almost all the effective heat comes 
from the combustion of the silicon, and the 
greater the percentage of silicon the hotter the 
charge, the longer the blow, the greater the loss, 
the more expensive the repairs and maintenance, 
and, with high silicon, the poorer is the quality 
of the steel likely to be. If, however, the silicon 


which the air from the blowing engines passes 
to the wind-box at the bottom of the converter. 
The body is mounted on an iron ring, to which 
it and the tnmnions are bolted. In the early 
vessels the entire shell was riveted together, but 
in the modem vessel the bottom and the nose 
are detachable from the body. The importance 
of a movable body will bo perceived wlien it is 
mentioned that the twyer portion lasts only from 
15 to 20 heats, while the body wdll stand several 
months’ wear. The nose is not often removed 
exc(‘pt for relining. The centre of the bottom 
8(‘ction is the 'plng, in which are lixod the fire- 
clay twyers, each containing 12 to 18 holes, 
about J in. in diameter, tJirough which the air 
passes to the metal. 


is too low, it causes cold heats, heavy sculls, and 
bad working generally. The place of silicon may 
bo taken to some extent by manganese, as in 

Styria and Sweden, where tlie 

cast iron is obtained from 
spathic ores. In such a case 
the silica lining is called upon 
to supply the silica for forming 
a slag with the oxide of man- 
ganose. If the blow be too 
hot, as indicated by the ® ^ 
appearance of the flame, scrap g p 
steel is added to lower '^A 

the temperature. In ^ 

England, where high I Ip 

silicon irons are used, the p 

aim is to keep the silicon ™ p 
sufficiently low, while in Sweden A 

it is just the reverse. With coke p 

pig, when the silicon is low, the 11 ^ 

sulphur will probably be too B| 

high, causing red-shortness in "'^ g— aEiy 

the steel. 

When the amount of man- 
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The entire bottom is fixed to the body by 
means of lugs and cottar-pins, and is made 
easily removable for the examination of faulty 
twyers, but it must also be 
air-tight. Hence it is faced 
true, with a wdde bearing, yarn 
«'nd clay packing being put 
round the bottom plate between 
it and the box, the plate Ix'ing 
secured by cottars to the blast 
box. Tlio movable converter 
is capable of rotation in a 
« vertical plane through an 
angle of 180° or more, 
® enabling the con- 

^ ^ t(mts to be disidiargcd 

I blow; and 

H / also, by turning it into a 
^ horizontal position, the metal 

- J lies out of the blast below the 

~ ** whole of the twyers, and may 
/ remain there after the blast is - 
shut off. The converter is 
made in two forms, known 


gancso in Bessemer pig iron is concentric converter concentric and the 

upward of 2 per cent., as it ’ - ^ ♦ eccentric forms. The former 

often is in Sweden, the direct method is adopted is shown in 12 and the latter in 13, 


— that is, the blow is not continued till the 
whole of the carbon is burnt off, as in England, 
but stopped when the metal contains the 
desired amount of carbon, which is judged by 


Rotating Mechanism. For the rotation, 
an iron framework supporW on columns carries 
the convortcir on suitable bearings, arranged so 
that the vessel can bo rotated on its trunnions. 


the aid of the spectroscope and the colour of the 
slag. The amount of manganese left in the steel 
varies from 0*1 per cent to 0*3 per cent. 

The gases escaping at the mouth of the con- 
verter indicate that at tlie beginning of the blow 
the carbon is largely burnt to carbon dioxide 
At the end of the blow the gas given off is 
chiefly nitrogen. 

The Converter. The modern converter 
is built of mild steel or wrought-iron plates 
riveted together and lined with siliceous or basic 
material, according as the acid or basic method 
of working is adopted. Wo may broadly classify 
Bessemer converters into fixed and movable. The 
former have only a limited application, but the 
latter are the kind generally employed. 

The acid-lined converter is lin^ internally 
with silica bricks or with ganister, which may be 
rammed round a central core. The vessel 
te supported on trunnions, one of which is hollow 
Ahd dbnneoted with the blast main, through 


This is effected by means of a pinion, keyed on 
to one of the trunnions, gearing into a rack 
attached to the end of a double hydraulic ram. 
The position of the ram and (cylinder may bo 
eitlier vortical or horizontal. Both the rack and 
pinion and the ram must bo securely cased in 
sheet iron, to prevent injury by splashing of the 
metal or the slag on them. The valves for the 
hydraulic cylinder are usually controlled at some 
distance from the conv<irter from a raised phitfo' rn 
known as the pnlpit. In some (!ascs the rotation 
is effected by a worm and pinion gc'ar, actuahMl 
by a hydraulic engine or by a double or tripl<j 
cylinder steam-engine. In addition to other 
advantages, this erflows for a compleUi revolution 
of the vessel through 300°. However, the 
simplicity of the rack and pinion arrangement, 
and the facility with which it may bo manipu- 
lated, have led to its general adoption. 

The bottom of the convertor being the portion 
subjected to the greatest wear, and requiring 
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to be frequently removed, is made interchange- 
able, and a number of bottoms are kept in readi- 
ness, so that when one gives way it can at once 
bo replaced. This is done by placing a trolley on 
the table of a hydraulic ram, fixed under each 
converter, and then, having raised the trolley 
and unoottered the bottom section, the latter is 
removed by moans of the ram. In fixing a new 
bottom, it is run on a carnage to the table of the 
ram, wot ganister and fireclay is placed round 
the bottom section, and the bottom pressed 
tightly against the bottom of the converter by 
the hydraulic ram, and cottered on. In some 
works, instead of using a hydraulic ram under 
the converter, the botUun is hoisted into position 
and pressed home by powerful screw-jacks. 

Tlie lining of the Bessemer converl/or in this 
country is a siliceous sandstone, which con- 
tains from 85 to 90 per cent, of silica, and 
occurs below the coal measures. This is ground 
fine, mixed with water, and rammed in between 
a central woo<lon core and the 
shell of the vessel. In America 
tho lining consists of a mixture 
of 60 per cent, crushed quartz, 

25 per cent, fireclay, and tho 
remainder of ground-up fire- 
bricks and other siliceous 
material. The American lining 
lasts for 400 to 500 heats, whil<^ 
tho British lasts double that 
time; but wo must take into 
account the more rapid working 
of tho American vessels. 

Concentric Vessel. In 
tho eccentric vessel [13] a largo 
amount of metal can lio in tho 
belly without running into tho 
twyors or out of tho nose, and 
to some exUmt it prevents slop 
ping. When the method of 
using metal direct from the 
blast furnace was introduced, a 
modification of tho converter 
appeared necessary, so that it 13 , 
might rtjcoive molten pig iron 
from the blast furnace Itulle when turned away 
from the pit, and receive spiegeleisen from the 
cupola when turned towards the pit. This is 
readily done with the concentric, but not with the 
eccentric vessel. The concentric vessel is, how- 
ever, required to be larger than the eccentric, 
in order that when turned down it may hold a 
given charge on cacdi side without running out 
at tho mouth or into the twyers. The ratio of 
the capacity of tho concentric vessel to tho 
eccentric vessel is as 3*5 to 5, but in consequence 
of the greater size, less slopping occurs, and much 
of the metal ejected during the boil falls back 
into the vessel. Now, the path over which the 
metal runs to the converter is very highly heated, 
and the slag afterwards fqrmed more easily 
corrodes this more highly heated portion ; hence 
the advantage of equalising this wear by pouring 
alternately into each side of the vessel. Tho 
concentric converter is generally made in four 
parts, connected by bolts and cotters for easy 
detachment. 


A 10-ton converter weighs about 40 tons; 
the steel or wrought iron plates are 1 in. thick, 
with 1 in. rivets and strong straps ; the four 
parts are connected by pins and cotters. The 
b(4t and trunnions are in two pieces, formed of 
cast-iron box sections ; the trunnions are 21 in. 
long. The belt weighs 11 tons, and is 10 ft. 8 in. 
in internal diameter. Tho tipping gear may 
consist of a worm-wheel 8 ft. in diameter, gearing 
into a screw of 4J in. pitcli, which receives its 
motion directly from tho cranks of a pair of 
hydraulic engines mounted on one of the 
converter’s standards. This allows of the vessel 
being turned over in either direction. A rack 
and pinion arrangement for tipping is much 
more common. A largo converUu* of this kind 
for 15 ton charges is 24.J ft. high, and mounted 
on piers 20 ft. above tho ground Such a vessel 
may weigh from 60 tons to 70 tons A wide 
noso may bo advantageous from the point of 
view of reducing loss from ejected metal ; but 
the narrower the noso the higher 
the possible working tempera- 
ture, and the greaU^* the amount 
of m(4al tho vesst^l can hold in 
tile horizontal position. 

Cupola Furnace. Tho 
molten metal for supplying the 
converter may be melted in a 
(nijiola, or taken direct from tho 
blast furnace, or from tho latter 
to a receiver or mixer before 
finally passing to the converter. 

Tho modern cupola is really a 
small blast furnaee. In some 
cases tho outside shell will bo 
10 ft. to 12 ft. in diameter, and 
tho blast pressure as much as 
2 lb. to 3 lb. per square inch. 
It is lined with a firebrick as a 
backing, and then rammed, 
usually with ganister or some 
other siliceous material. The 
height of tho cupola platform 
should be such that when tho 
cupola is dtimped, or raked out, 
all the debris falls upon tho floor level, and ample 
room should be left to enable the men to 
remove this easily. Cupolas with drop bottoms 
are now generally made, and found very con- 
venient. A moderate sized cupola has an 
exterior diameter of about 6 ft. to 7 ft., with five 
or six twyers, and is worked with a blast pressure 
of 1 to IJ lb. It will melt 200 to 300 tons of 
pig iron per 12 hours. 

The position of the cupola is generally such 
that the metal can flow by gravity from the tap- 
hole to the Bessemer vessel, hence it is placed at 
a higher level. If the cupolas are too near the 
converter, tho workmen ore exposed to excessive 
heat, being between two groat fires. On the 
other hand, if the cupolas are too far away, the 
long runners tend to chill the metal too much, 
and some of it will solidify, causing much waste 
In some works this difficulty has been ovor- 
come by using travelling iron ladles to convey 
the iron from the cupola to the converter, either 
by running on a track or by means of a crana 
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which admits of the tipping of the molten 
contents of a ladle into the converter. 

Tipping ladles are now frequently used to 
convey cast iron from the cupola, or mixer, to the 
Bessemer converters. The ladle is held in a cast- 
iron trunnion belt by means of bolts and snugs. 
The tipping action is effected by a worm and 
screw motion actuating a trunnion, so that the 
workman can easily pour a charge of 20 tons of 
iron. The ladle is Uned with firebricks with taper 
sides and fitting into one another. When these 
are built in, the whole is covered with a fireclay 
daubing. Another arrangement for tipping is 
by means of a cliain fixed to the bottom and 
attached to a hydraulic cylinder, while the ladle 
is supported in the bearing of the carriage. The 
trunnions are not fixed centrally on the ladle, but 
somewhat in front, so that the whole metal can 
be poured into the converter by tilting without 
moving the ladle forward. 

Ingot Moulds. The material from the 
ladle is teemed into cast-iron ingot moulds of 
various forms and sizes — square, circular, oval, 
octagonal, etc., open at both ends. Tliey are 
made to taper considerably, being largpr at the 
bottom than at the top, so as to allow for easy 
stripping. The usual method is to fill each 
mould separately, but the method of casting in 
groups is also used. A large ingot may be 
19J in. square, and weigh 50 cwt. For rails, the 
ingot is 14 i in. square, and weighs 25 to 30 cwt. 
Several smaller sizes are also used. The moulds 
are generally arranged in a shallow pit in a semi- 
circle, so that the ladle crane may bring the nozzle 
of the ladle over each one in succession. 

Sometimes, when an ingot is tapped, it is stop- 
pered down by throwing some sand on it, and 
then covered with an iron plate, which is fast- 
ened down by a cross-bar and wedges. In 
group moulds they arc generally arranged 
round a central one, somewhat taller than the 
rest, into which the metal is run, and whence it 
passes from the bottom to the bottoms of the 
others by means of fireclay tubes or passagi^s. 
Hence the material rises in the moulds from the 
bottom to the top. A plan now largely adopted, 
especially in American works, is to have the 
ladle stationary, and a bogie truck carrying 
two moulds is run under the nozzle of the ladle 
for teeming. The bogie then conveys them 
away, and another pair is brought under the 
taphole, and so on in succession. 

Basic Bessemer Process. Tliis process 
is conducted in an oidinary converter, but a 
phosphoric pig iron may be used. Such an 
iron may cont ain 3 per cent, of carbon, 0*5 to I 
per cent, of silicon, 0-2 per cent, of sulphur, 1 to 2 
per cent, of manganese, and 2 to 3 per cent, of 
phosphorus. In consequence of the basic lining, 
the slag is basic, and is capable of taking up 
phosphorus oxide. All acid substances tend to 
neutralise the base, so that only a certain 
quantity of acid material can be taken up. If, 
tnerefore, much silica Ixs present, it will unite 
with the base in preference to the phosphorus 
oxide, which will be reduced and pass into the 
Iron. To prevent this, excess of lime is necessary ; 
but this raises the fusion point of the slag, and 


increases its quantity, so that a larger vessel is 
necessary. This means an addition to the cost, 
and an increase in the working exiienses. 

Now, grey pig iron generally contains much 
silicon, which renders it unsuitable for the 
basic process. White iron contains only a 
moderate amount of silicon, and is often high in 
phosphorus, wliich, being a good heat producer, 
and playing a similar part to that of silicon in 
the acid process, is required in the basic process. 
Another point of imporUince is the amount of 
phosphoric acid in the slag, whoso value as a 
manure depends on its phosphorus content. 
Morooven*, the purity of the lime is important, as 
impure lime may contain silica, and 1 lb. of 
silica requires 4 lb. of lime to m'utralise it. 
Silica in lime generally amounts to about 2 per 
cent., and often more. In consequence of the 
lower temperature i)roduced by the presence of 
lime, and the affinity of silica for such a strong 
base, the silicon is more thorouglily removed 
than in the acid process. Manganese is not, 
however, so completely removed. A highly 
basic, slag is also favourable for the removal of 
sulphur, which trikes place almost entirely during 
the after- blow. 

Behaviour of Phosphorus. Phosphorus 
is not appreciably removed until most of the 
other elements have been eliminated and the 
heat of its oxidation is concentrated towards 
the end of the blow, when it is most required. 
Phosphorus is oxidised at the beginning of 
the blow ; but, in the absence of a basic 
fluid slag rich in lime, the oxide is decomposed 
by th(i carburised iron at the high temperature 
prevailing in the converter. 3'owards the close 
the slag is highly basic, and then the oxidised 
phosphorus passes into the slag. On the addition 
of spiegoloisen or feno-raanganese at the end of 
the blow, some of the phosphorus is reduced 
from the slag and passes into the steel, probably 
due to the reducing action of the manganese. 

At the end of the blow the iron is left in an 
oxygenated state to a greater extent than in the 
acid process, so that larger quantities of manga- 
nese compounds are required. To reduce the 
amount of oxide before adding the manganese 
comjX)und, grey lircmatite pig iron is generally 
added, but the iMJst method of preventing over- 
oxidation is to use good manganiferous pig iron. 

The Basic Blow. The different stages of 
the basic blow are similiar to those described 
in the acid process, but during the boil larger 
quantities of slag are ejected. When the flame 
stops, instead of turning the vessel down and 
stopping the blast, as in the acid process, blow- 
ing is continued for three or four minutes longer. 
Tliis is termed the after-blow, and during this 
period practically all the phosphorus is nmioved. 
The plant used in the basic process differs but 
little from that in the acid process, oxcej)t that 
the concentric form of converter is more often 
used. The essential difference is in the lining, 
which must be strongly basic and sufficiently 
refractory to withstand the vciy high tempera- 
ture to which it is subjected without melting or 
softening. The materials gcnerallv applied for 
the purpose are lime and burnt dolomite, mixed 
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with some cementing material, such as 
anhydrous tar. 

Dolomite, or magnesium limestone, of high 
quality, and containing not more than 2 per 
cent, of silica, is desirable. It is first broken up 
into small lumps, and strongly calcined in a 
basic-lined cupola to remove moisture and carbon 
dioxide. The effect of this calcination is to pro- 
duce a considerable shrinkage, and it is advisable 
to employ the shrunk material for lining the con- 
verter as soon as possible, othorwfise it will 
absorb moisture from the air and rapidly de- 
teriorate. It is next ground in a pug-mill and 
mixed with the desired amount of well-boiled 
tar. The prepared material is made into bricks of 
different sizes and shapes to suit the sweep of 
the converter. They are placed into position 
as soon as they come from the press. 

Use of Small Converters. Although 
the general tendency has been to increase the 
capacity of the converters and the g(*ncral 
adoption of bottom blowing, the small converter 
with side blowing is still used. These con- 
verters may be classified into fixed, rolaling, Me 
blowhig, and bottom blowing. 

Fixed Vessels. These converters have 
four chief defects . (1) They scarcely permit of 
bottom blowing, and therefore involve a great 
loss of iron in blowing. In bottom blowing the 
failure of a single twyer would let the whole 
charge escape. If a twyer in a rotating vessel 
fail, the vessel can easily be turned so as to 
bring the twver above the level of the metal, 
when the faulty one can be repaired. This is a 
common occurrence. (2) Even in side blowing 
the failure of a twyer is a serious thing in a 
fixed vessel, because it is necessary to remove 
the charge at once, converting it into scrap. 
(3) At the end of the blow the charge has to bo 
tapped out instead of being poured. Moreover, 
the proportion of carbon is less under control in 
the fixed vessel because of the length* of time 
required to tap. (4) It is impossible to recar- 
burise in the vessel, and this has to be done in 
the ladle. This is not important in mild steel, 
but in rail steel it is a serious thing. The fixccl 
vessel is much cheaper than the rotating one, 
and in small works where the charges are small 
the low cost more than counterbalances the 
losses enumerated above. 

Side Blowing. This may be near the 
bottom, as in the old Swedish converters, or 
higher up, as in the modem vessels. Side blast 
requires less blast pressure and therefore less 
cost in blowing engines, boilers, etc. The system 
has three chief disadvantages . 

1. The action of the blast is not uniform 
through the metal, and the metal contains less 
carbon above than below the twyers, and although 
the portions may mix in the ladle, the metal is 
liable to be non-homogeneous. 

2. The metal round where the blast enters 
is highly oxidised, while in bottom blowing the 
bath is so highly agitated that any oxidised 
portions are rapidly deoxidised by the carbon 
and silicoh of the' other part. Again, at the end 
of the blow the iron oxide escapes as a dense 


reddish-brown smoke along with the blast, 
and the metal is overblown. This imperfect 
mixing of iron oxide and the carbonated and 
silicated portions, in the case of side blowing, 
causes, overblowing and consequent loss of iron. 

In the old Sw^ish vessel the twyers were 
placed not radially, but in a tangential direction, 
so as to give to the metal a rotatory motion. 
The same is done in the Robert converter, which 
has also a vertical rotation by the twyer being 
on one side only. 

3. The bottom and the sides near the twyers 
wear away more rapidly, causing the depth of 
metal to diminish, so that the blowing becomes 
more localised. In bottom blowing the depth 
of metal above the twyers changes but slightly, 
the (‘orrosion being chiefly on the bottom. Side 
blowing has two advantages. It lessens the blast 
pressure, and prolongs the life of the twyers. 

Clapp and Griffiths Converter. In 
this vessel the twyers were raised to about 
10 in. above the bottom, so that when half the 
metal was bij)ped out the twyers were not out of 
the metal. The vessel is about 10 ft. high, 

ft. internal diameter, lined with silica bricks, 
and provided with four to six horizontal twyers, 
filled with valvcis for regulating the blast. As 
the slag rises it is run off through a slag-hole 
during the intermediate stages of the blow. 
At the conclusion the metal is tapped out the 
same as from a cupola. Ferro- manganese is 
added to the metal in the ladle. This j)rocess 
appears to eliminate the silicon, but leaves the 
phosphorus and sulphur practically untouched. 

Hatton improvetl this form of converter by 
re])laeing the solid bottom with a movable one, 
and by introducing a simpler form of valve 
to regulate the blast. The movable bottom 
greatly facilitates repairs. The pig iron used 
must be practically free from phosphorus and 
sulphur, and contain 2 j)er cent, to 2*75 {wr cent, 
of silicon, otherwise the blow is too cold. 

The Robert Converter. This, although a 
movable converter, is adapted only for small 
charges of from 1 to 3 tons. The blast is intro- 
ducked near the upper surface of the metal, 
and the twyers inclined at different angles, so as 
to give a rotatory motion to the metal. Ihe vessel 
itself is tilted during the first half of the blow, 
and turned more vertically as the operation 
proceeds, in order that the blast may be less 
strongly localised. The convertor is mounted on 
trunnions and revolved in the usual way, but 
by means of hand gearing. The advantages 
claimed for this converter are severalei No ex- 
pensive blowing plant is required, the slag and 
gases separate better from the metal, a higher 
temperature is obtained, enabling castings to 
be made, the process can be stopped at any 
given moment, and st el can be ma(m in varieties 
from the mildest to the hardest. The loss of 
metal in the Robert converter seems to bo as 
great as in the fixed vessels, averaging about 
20 per cent. The position of the twyers high up 
in the bath is a disadvantage, in that it leads to 
increased loss of metal by oxidation. The 
reduced pressure of the blast is an advantage. 

A. H. HJORNS 
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The Two Systems of Bookkeeping. Method Adopted where a 
Journal Is Subdivided. The Cash Book. Monthly Bank Totals. 

THE MODERN CASH BOOK 


T he epitome of lodger accounts already given 
has preceded tlie observations and remarks 
which it was at first intended should accompany 
it. ]iy this arrangement, an educational objec- 
tion has been removed. It is unwise to en- 
courage the facile reception of teaf^hing of the 
kind that carefully forestalls every difficulty, 
because to do so is to discourage the much hardfu* 
but far more jirecious habit of indcpendi'iit 
thought and speculation. 

The Two Systems of BooKKeeping. 

It is desirable again to go through the now 
familiar list of trans}U?tio?is lettered a to //, this 
time with the object of noting and explaining, as 
thej^ arise, the chief points of difference betwf'on 
the two systems of bookkeeping — namely, that 
undt‘r which all transactions wore entered in tlu^ 
journal, and the otluT providing for their record 
in special books of original entry. Incidentally, 
there will be a clearing up of one or two little 
mysteries concerning those transactions for 
which, in the modfTu system, the double entry 
has hitherto appeared to be lacking. 

Transaction (a). Cheque £(», draw’n for fjctty 
cash. Here, on tho very threshold of our sub- 
ject, we discover a remarkable divergence 
between tlu^ old system and tho new. Where 
the former has been preserved in its integrity, 
all cash items are jourmilised prior to being 
posted one by one, first to the cash account, and 
then to the personal accounts in the ledger. 

Consideration.s of space forbid any sort of 
chronological treatment of our subject, and, 
therefore, wo shall not enter upon an inquiry as 
to the time when tho custom of writing up the 
cash account from the journal into a special 
book, instead of, as formerly, into the ledger, 
became prevalent. But this much is certain. 

The True Conception of a Journal. 

As long as the cash account derived its component 
items from the journal in tho same way as any 
other lodger account, so long was it entitled to bo 
regarded as a part of tho ledger, even though it 
was contained in another book. But as .soon as 
the cash book assumed functions hitherto exer- 
cised by the journal, in other words, as soon as it 
became a book of original entry, it ceased to ho 
a part of the ledger, and was in reality a journal. 
Now, tho true conception of a journal is 1 hat of a 
book in which each day’s transactions arc entered 
in due form for posting to the ledger, and the 
words “ in due form ” signify that the entries 
must be so arranged as to ensure that the money 
totals of the debits and credits journalised and 
posted ahftll equal one another. . We observe that 
this is the case in the example before us where 
the debits and credits in the ledger epitome 
severally aggregate £469 15s. 2d. 


Classified Transactions. But where 
the journal is sub-divided, separate books being 
devoted to special clas.se5; of transactions, it is 
iinm^eessary fo set out every t‘ntrv in debit 
and credit form. It Is sufficient if one term 
of each equation is recorded, care b(‘ing taken 
to sec that the terms are cither all debit or 
elst‘ all er(‘dit. Tho equalisation of the d(‘bits 
and the credits is performed at stat(‘d - usually 
monthly — intervals, and resolves it.self into a 
qu(*.stion of correctly casting tho debits (or 
credits) pr(‘viou.«ly entered and ])ost(*d (o their 
sevt'ral accounts. The doubkj t‘ntrv is com- 
pleted by posting the total ascertained as above 
to some account in the ledger on the opposit(‘ side 
to that to which the details liave been carri(‘d. 

We could not have a better illustration of 
this principle than is afforded by the day book 
shown on page 539. The total sales for Siq)tem- 
ber, 1905, are there .stated as £792 Os. 2d. As 
a matter of fact the amount includes sundry 
charge.s for foreign pnreel-jjost, hut for present 
purposes this element may be neglected. The 
figures betwecai transverse litu's in the margin 
of tho day book refer not to the ac(?ount;.s in 
our ledger epitome, but to tho folios in Messrs. 
Bovan & Kirk’s Sold ledg(‘r, where tho respective} 
accounts of Springer, Bruce, and Aird Bros, 
are} to be found. In like manner tho thrc'o 
l(‘dgor accounts will each contain a reference 
to D.B. .355— tho folio number. 

It needs but a glance at the day book to see 
that the* entrie.s are ne)t set out- as in the old 
stylei journal —that is to say. in debit and credit 
form ; but at the same* time it is quite clear 
that if all the September day book debits posted 
separately toBevan & Kirk’s sold ledger amount 
to £792 6s. 2d., the requiroment.s of double entry 
are siiffieae'nMy complied with by posting that 
amount in total to the credit e)f the sales or goods 
account in the ledger. 

The Debit Side of the Caah Book. 

Having demonstrated the principle that the 
total debit for a given period in a book of original 
entry demands an equal credit, and vice versa, 
let us apply that principle to the cash book. 
Wo find on page 536 a specimen folio of Messrs. 
Bevan & Kirk’s bank ca.sh book. First let u.s 
examine the debit side. 

Bearing in mind what has already bcfui said 
on the subject, wo shall experience little diffi- 
culty in arriving at the following (roTK!lii.sions : 

(а) As all receipts of cash are lodged regularly 
at the bank without deduction, whatever moneys 
are credited to customers’ and other accounts 
should simultaneously bo debited to the bankers. 

(б) This process, if carried out, would constitute 
perfect double entry, and there would be no 
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object in keeping a separate cash account as 
distinguished from a petty cash account, 
(c) The entries in the bank column are in' the 
form advocated for specialised books of original 


'Bank Accounts in the Ledger. Below 
is an illustration of the bank account in the 
ledger. The initial balance of £50 has been 
brought forward from August 31st in the sathe 
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entry — that is to say, every item furnishes one 
term of an equation : 

Bank Dr. to Customer. 

(d) The several items being posted in detail 
to the credit of the various personal accounts, 
the debit is derived from the total of the bank 
column, £514 16s. lid., loss the balance as at 
September 1st, say £50. The double entry is, 
therefore, completed by posting £464 16s. lid., 
which represents the 
actual amount of cash 
received during Septem- 
ber, to the debit of bank 
account in the ledger. 

The items in the dis- 
count column (Dr. side) 
are similarly treated, 
except that there is no 
starting balance to 
take into account; thus 
the details composing 
the total of £9 3s. Od. 
are posted separately 
to the various per- 
sonal accounts, while 
the total itself is 
carried to the debit of 
the discount account. 

The Credit Side of the Cash Book. 
Coming now to the credit side of the cash 
book, the discount items will be posted to the 
debit of the personal accounts alfected, while 
the total of £13 9s. 9d. must go to the credit 
of discount account. 

The amounts appearing in the bank column 
(Cr. side) represent cheques drawn by Messi-s. 
Bevan & Kirk on their bank, and paid away to 
different persons who are debited, the bankers 
being simultaneously credited. But whereas 
the debits must bo posted separately, it will 
suffice to post one credit to the bank account for 
cheques drawn during the iponth, the amount 
of the credit being derived from the total of the 
bank column, £514 16s. lid., loss £34 5s. Id. 
balance carried forward— that, is, the cheques 
drawn in Sejrt»mber, plus the bonk charge 
for discounting Wake’s acceptance, totalled 
£480 1l8.10d. 


way as the balance as at September 30th has 
been carried forward to October 1st. The 
debit of £464 16s. lid., and the credits of 3s. 
and £480 8s. lOd., are authorised by journal 
entries as given bedow. 

Some bookkeepers consider the bank account 
in the ledger superfluous, because it is simply an 
epitome of the figures contained in the bank 
columns of the cash book. In other words, 
the bank account is aln^ady in the cash book 


in detail, and does not need a place in the 
ledger. Where the bank balance is carried 
forward month by month in the cash book, as in 
tho example before us, it is true that the bank 
account might bo omitted from tho ledger with- 
out much harm being done. But there is some- 
thing to bo said in favour of having account 
in tho ledger, and the extra time expended in 
securing this result will not bo wasted. 

Sometimes the balances are not shown 
in tho cash book, and then it is imperative to 
have a bank account in tho ledger. In such case 
the bank columns in the cask book are totalled 
monthly and ruled off without being equated, 
and the totals are posted to the lodger direct. 
Had this plan been adopted in our example 
pn page 536 the debit total would have amounted 
toi^64 16s. lid. — actual receipts during Septem- 
ber, and the credit total * fb £480 11s. lOd. — 
actual payments for the same period. After 
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the direct posting of these items the bank account 
in the ledger would show the same balance as 
it did when the lodgments and drawings were 
first journalised and then posted. 

We may now post the lodgments total direct 
to debit and the drawings total direct to credit 
of bank account in the ledger, marking in the 
cash book folio columns the ledger folio occupied 
by the bank account, marking also in the folio 
columns of bank account the cash book folio 
from which the posted items have been copied. 

Cross References. Particular attention 
is directed to the cross references here men- 
tioned — namely, the reference in cash book 
to the ledger folio and the references in bank 
account to the cash book folio. Every ledger 
posting should reveal its place of origin, and 
every entry in a cash book or other journal should 
reveal its station in the ledger. 

We now return to our dissected figures for the 
bank columns in the cash book. The lodgments 
total having been posted to debit of bank 
account, the drawings total will go to credit of 
same account, as will also the bank charge of 3s. 
But with regard to the initial balance of £50, 
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“ To balance ” or “By balance.” Consider 
the account of J. Wake as set out below. 

The credit entry “By balance c/d £7 7s 4d.” 
tells us that the debits exceeded the credits by a 
certain sum — namely, £7 7s. 4d. If we accept 
this figure os the starting point of a new 
account, we virtually promise to close the old 
account by making a balance entry on the 
credit side, the amount of which shall equal the 
new debit. The entry is, in fact, our warrant 
for the contra entry, and th(^ two entries 
together constitute a double entry, thus con- 
forming to the established principle of a debit 
for every credit. 

Treatment of Monthly Bank Totals. 

The journal entries exhibited (*«rlier remain to be 
dealt with. These are intendinl to show how the 
monthly bank totals should bo tri*iiled where 
the system prevails of passing all .monthly 
totals from the books of original entry througli 
thc^ Journal on their way to the l(‘dg('r. With 
regard to the posting of these entries the (‘tle(;t 
on the bank account has been explained. 
“GL 4” means that the bank account is on 
folio 4 of the (General ledger. 'Phere should be 



and the ending balance of £34 5s. Id., these 
ariiounts cannot be [)osted to th(*- ledger, as 
tliey are contras to equivalent amounts appear- 
ing elsewhere in the cash book. Thus the 
debit of £50, with which September starts, is 
offset by the credit of £50, with which August 
ends. The two amounts explain and justify 
each other. The very condition of their exist- 
ence is that they shall take opposite sides to 
one another, so that the credit of £50 cannot 
be created imlc^ss a debit of equal amount be 
created at the same time, thereby vindicating 
the primary law of a debit for every credit. 

By the same rule the ending balance of 
£34 5s. Id., which at September 30th is carried 
forward on the credit side, is brought forward on 
the debit side as at October 1st as the beginning 
balance for October. It is evident that to post 
either the £60 or the £34 5s. Id. to the ledger 
would be to transgress the law, because the 
double entry for both these items has been 
already completed in the cash book itself. 
This point is worthy of notice, because the theory 
involved underlies every “ balance ” entry 
mode in books of account— that is, every entry 
the amount of which is preceded by the w^ords 


a nJerence also in the folio columns of the bank 
account to tJournal 27. 

In the Journal folio column level with the 
credit of £404 10s. lid. there will be found, 
in place of the usual reference to a ledger folio, 
a reference to ('B 45. On refiuTing back to 
CB 45 we discover the reiuson for this — namely, 
that the various items of which the journal 
credit is comi)osed have been posted to the 
credit of their respective accounts from tfie. 
CAtsh book. In likii manner, the journal debit 
of 3s., and the several items aggregating the 
journal debit of £480 8s. lOd., have been posted 
to the debit of their respective accounts from 
the cash book. There is therefore no need to 
post them again from the journal. 

How to Test the Balance. Before 
deserting the bank account, lot us see how 
the accuracy of the balance inay be test(‘d by 
comparison with that shown in the bank pass 
book. The pass 4)ook discloses the state of 
Messrs. Bevan & Kirk’s banking account as it 
appears from the records of the bank, and not 
necessarily as shown by the lirm s cash book. 
Naturally enough, the pass-book balance and 
the cash-bo^ balance seldom coincide. On 
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the one hand, cheques received by the firm 
are entered in the cash book under date of receipt, 
but they are acknowledged in the pass-book 
under date of clearing, which, in the case of 
long distance cheques — say a cheque drawn 
on Dublin and remitted to London — would bo 
several days later than the date of receipt by 
Bevan & Kirk. On the other hand, cheques 
drawn by Bevan & Kirk are entered in the 
cash book under date of issue, but in the 
pass book they appear, of course, under date 
of paj/ment hy the bayiL 

Delay in presenting cheques for payment 
frequently occurs, and must be taken into account 
in trying to agree the pass book with the cash- 
book. A simple illustration of a pass book 
agreement will now be given. Mr. Kirk obtained 
the firm’s pass book from the bank on October 5th 
and found there was a balance of £42 6s. lid. 
at credit of the firm on October 1st. Having 

SHORTHAND— LESSON 7. BY 


succeeded in reconciling this balance with that 
shown in his cash book, he made a red ink 
memorandum on the cash book thus : 


£ 8. d. 

Oct. 1. Balance as per P.B. . . . . 42 0 11 

Add cheque not cleared (Jones) . . 29 8 2 


71 16 1 

Less cheque not presented 37 10 0 


Biiluncc as per C.B. . . . . £34 5 1 


It is probable that as Mr. Kirk has postponed 
the checking of the pass book until October 5th, 
he will be able to satisfy himself from it that since 
October 1st the commission cheque from Jones 
has been duly cleared and the rent cheque duly 
presented and paid, but that does not affect 
the position as at October 1st, with which he is at 
the moment concerned. 

A. J. WINDUS 

SIR ISAAC PITMAN & SONS 


The Halving Principle. Light conso- 
nants are made Iialf their usual length to indicate 
the addition of t ; thus 

ache, ached, sect, Kay, Kate, shite. 

Heavy consonants arc made half their usual 
length to indicate the addition of d; thus 

\ \ \, V ^ “ 

ehb, ebbed, bow, bowed, yay, guide. 

When a consonant is hooked finally, it may 
bo halved to express the addition of eitiik.ii t 
OR d; thus j)aint or pained; % plant or 
planned; J* tint or tinned; J tents or tends. 

In words of m<yre than one syllable, with certain 
exceptions, a letter may be halved to express 
the addition of either t on d; thus 

V’- 

between, Bedndn, rabbit, rabid, credit. 

fortcard ml contraction for -xoard ) ; 
dockyard yd contraction for -yard). 

The four light consonants ^ 
are also halved and thickened to represent the 
addition of d; thus 

L k. 

mate, made, tempt, timid, neat, need, 

fdi, felled, hearty hard. 

When a vowel comes between l-d, or r-d, these 
consonants must be written in full ; thus 

VI VI ^ 

pallid, parade, mellowed, ^narried* 


LI is written upward except after n, ng, when 
it is written downward, as 

knelt, ringlet. 


The consonants mp, w ng, cannot be 
halved to express the addition of either t or d, 
unless they are hooked, initially or finally ; thus 






impvgn, 


impugned, impend, slumbered, 


rampart, anger, angered or anchored. 


The double consonants ^ Ir, ^ rr, cannot bo 
halved for the addition of t or d under any 
circumstances. 


Exercise 

1. Pet, pit, Tate, taught, kit, aft, cast, shot. 

2. Bod, aided, edged, jade, goad, egged, mead. 
J. Old, erred, blade, bread, glade, broad, dread. 

4. Pound, fined, accident, inward, brickyard. 

5. Meat, mud, night, Ned, admit, doomed. 

6. Bailed, Imllad ; showered, charade ; tarred. 

7. Pelt, polite, kilt, molt, omelet, inlet, runlet. 

8. Impound, dampened, lingered, hungered. 

After the -shun hook, the stroke st may bo 
written upward ; thus 

excursionist, lilterationist, Salvationist. 

The half-length r may be used for rd, when it 
is not convenient to write ; thus 



lard, coloured. 

Half-sized t or d immediately following the 
consonants ^ or d is always disjoined ; thus 

V \ 

tided, dated, treated, dreaded, heintated. 
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When a word ends with t or d followed hy a 
vowel, the letter must bo written in full, and 
not indicated by the halving principle ; thus 

^ ^ lA. c- ^ 

guUt, guilty; dirt, dirty; loft, lofty. 

The circle s is always read last at the end of 
an outline ; thus 

V Y </' 

pun, punt, jnmts; join, joint, joints, 
Exvaivjsk 

1. Hate, height, hit, hits, hutfod, hounds. 

2. Fashionist, elocutionist ; evolutionist. 

3. Fitted, potted, jotted, netted, rooted, ])ii ated. 

4. Branded, grounded, stunted, unac(|uainted. 

5. Fort, forty ; malt, malty ; neat, natty. 

0. Tin, tint, tints ; pine, pint, pints. 

Grammalogues. Tlie following addii ional 
grammalogucs should be memorized : 


calledij), cann(d{^), nnild, great, 

..A.... 0 % A.. i 

sh(ni{^), t(fld, /ouvriv/.s, fhat(^), irlUomt. 

The Double-Length Principle. Curved 
consonantuS arc made twice their usual length to 
indicate the addition of tr, dr, or thr ; thus 

^ Y Y, ( 

flow, floater, father, vendor, thunder, 

) y y 

oyster, shatter, slighter, hnilder, border. 

When dr or th?* follow an initial I, they are 

expressed by ] ) and not by doubling the i; 
thus 

n ^ ^ 

older, leader, leather. 


The signs are doubled in length for 

the addition of er; as 


lingerer, lumberer, 

Tn a few' common w'ord.s, it is allowable to 
double a letter to express the addition of the 
syllable 4ure. ; tluis 


feature, future, .'iignature, piHure. 


When a Avord ends with a voaa'cI preceded 
by tr. dr, or thr, these consonants must bo 
v^ritten and nf)t indicatcMl by doubling ; thus 


flatter, 


flattery, 


u'iuter, 


u'intry. 


.s}tud*r, sundry, feather, feathery. 


The circh) s at the end of a double-length 
cliaracter is read last, as usual ; thus 

J- ^ 

tenders, feathers, counters. 


ExKiinsK 

1. Enter, Easter, loiter, shutter, matter. 

2. Founder, asunder, smatter, cylinder, Walter. 

3. Letter, louder ; latter, laddtu- ; fetter, feeder. 

4. Pointer, tinder, ranter, wander, wandered. 

5. Vam])er. Humber, jumjjer, timber, belongor. 
C. Slumber, slumberer, luml)erer. 


Kky to Exkk(TS|':s in Last Lksson 

1. Quibbh^, quiet, (juarter, <|uarrel, require, 

guano, languish. 

2. Weal, Avallow', wealth, Wells, AN'heol, wh(;lin, 

meanwhile, AA’hoeler. 

3. Fuller, roller, scholar, poorer, admirer, borer, 

siiorer. 

4. Pump, jumj), em})elli.sh, ambitions, whack, 

wliip, whisper. . 


Straight consonants liooked finally, or initially 
circled or following another stroke, arc made 
twice their usual length to indicate the addition 
of t/r or dr ; thus 



paifif painter, scatter, nee tar, rector ^ 


detractor, dispuier, debater. 

The character mp is doubled to express 
the addition of r, and w is doubled to express 
the addition of hr or gr; thus 

l>— V 

temper, longer. 


2. o A r .(T 

4. t-s cX 

1. HfKik, haggis, hod, hoary, haddock. 

2. Hive, haggle, hairy, cohesion, unhinge. 

3. Hilly, horror, hump, happily, handy. 

1. 2^ t, h. 

2. .rC 

3. ^ h.h. A 



QROUP 25-MATHEMATrCS * THE BASE OF ALL THE SCIENCES-CHAPTER 7 


Reduction to Lowest Terms. Comparison of Frac- 
tions. Addition, Subtraction, and Multiplication. 


FRACTIONS 


69 . An integer, or whole number, ia a number 
which consists of a collection of complete units. 

Thus 6 is a whole number; 6 ponce means 
six complete pence. 

KJraciion is a quantity less than the unit. 

Wo have already examined (Art. 29) how 
quantities less than the unit can be expressed in 
the decimal notation. When so expressed, they 
are called decimal Jractions, 

70. We shall now consider a second notation 
by which fractions may bo represented. 

We have already used Jd. to express three 
farthings. This meant that, the unit having 
being divided into four equal parts, three of these 
Jourth parts made f of the unit. In the same 
way, when a unit is divided into five equal parts, 
each of these parts is called a fijth, and is repre- 
sented by i ; two of the parts make two- 
fifths, or p 

If the unit is divided into six, seven, eight, or 
more parts, the parts arc called sixths, sevenths, 
eighths, and so on ; and are represented by 
and so on. 

Thus, a fraction can be represented by means 
of two numbers, one of them being the number of 
equal parts into which tho unit is divided, and 
the other tho number of these equal parts 
indicated by tho fraction. The two numbers are 
written one above the other, and are separated 
by a line. 

The number below the line, because it gives a 
name to the parts, is called the Denominator, 

Tho number abovo the line, which tells tho 
number of these equal parts denoted by the 
fraction, is called tho Numerator. 

Fractions expressed in the abovo manner, such 
os JJ, arc called Vulgar Fractions, that is. 
Common Fractions. 

A whole number can be expressed, in this 
notation, as a fraction with any required de- 
nominator. For, when the numerator is equal to 
tho denominator, tho fraction denotes that as 
many equal parts are to be taken as that into 
which the unit was divided : so that J, or 
each represents a unit. Therefore, when 
the numerator is a multiple of the denominator, 
the fraction denotes as many equal parts of tho 
unit as mako up that multiple of tho unit. Thus, 
f, in which the numerator is twice tho de- 
nominator, represents twice tho unit ; that is, 
2 « 2 . 

71. We have defined a fraction as a quantity 
teas than the unit. Evidently, then, a fraction 
should have its numerator less than its denomin- 
ator. But suppose wo hrfv-e divided several 
units, each into the same number of equal parts, 
say 15, and t^t we take more than 14 of such 
parts, say 17> W then obtain a quantity which 


is equal to seventeen-fifteenths of the unit, or 
Such a quantity is evidently not less 
than the unit, and is not, strictly speaking, a 
fraction. The two cases are distinguished thus : 

A Proper Fraction is a fraction whose numer- 
ator is less than its denominator. 

An Improper Fraction is a fraction whose 
numerator is not less than its denominator. 

72. A mixed number is tho sum of a whole 
number and a fraction. 

Thus, tho sum of 4 and | is a mixed number. 
It is written 4|. 

A mixed number can always bo expressed as 
an improper fraction. 

Example. Reduce 5 J to an improper fraction. 

Each unit of the 5 contains 9 ninths. 


6 units contain 5x9 -■= 


Thus 5f, 


5 xJ)j: 4 

9 


45 ninths. 


49 

9 


Ans. 


Again, an improper fraction is converted 
into a mixed number by dividing tho numerator 
by tho denominator. The quotient will bo 
tho whole number, and the remainder will bo 
tho numerator of the proper fraction. 

Example. Express as a mixed number. 

When 43 is divided by 5, as tho quotient is 8, 
and the remainder 3. 

. . Ans. 


73. IJ the mmeralor and denominator of a 
fraction are both multiplied by the same number 
the value of the fraction is not altered. 

Consider the fraction jj. If wo multiply both 
numerator and denominator by 2, the fraction 
becomes /o. Now, in the fraction J, tho unit is 
divided into 5 equal parts and 3 of these aro 
taken; in tho fraction tho unit is divided 
into 10 equal parts and 6 of them are taken. 
But, though we divide the unit into twice as 
many parts in the second case, yet two of those 
parts are only equal to one of the parts in the first 
case. Therefore, the 6 parts in the second case 
equal the 3 parts in the first — i.e., 

74. This is perhaps made plainer by a diagram. 
Let A B C D represom 

tho unit. Divide this into 
5 equal parts drawing 
lines parallel to A B. 
Then A B E F, consisting 
of 3 of these strips, will 
represent J of the unit 
Now divide A B 0 D 
into 10 equal parts by 
drawing a line parallel to 
A D. Then A B E F con- 
tains 6 of these parts, and 
therefore represents ^ of 


k This is p 

. 0 1 
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the unit. Hence, since A B E F represents 
both ^ and ^ 0 , it follows that j} = A. 

75. We have shown that ^0 and | are equal. 

Now, f is obtained from by dividing both 
numerator and denominator by 2. Hence, 
the statement in Art. 73 is also true if we 
substitute “ divided ” for “ multiplied.’* 
Therefore, the numerator and denominator of 
any fraction may always be divided by any 
common factor that they contain. 

When we have divided out (or cancelled)^ 
all the common factors of the numerator and 
denominator, the fraction is said to be in its 
lowest terms. 


76. Reduction to Lowest Terms. In 

finding the common factors of the numerator and 
denominator the rules given in Art. 56 should 
be applied. When, however, common factors 
cannot easily be seen, it is better to find at once 
their H.C.F. by the ordinary rule. 

Example 1. Reduce to its lowest terms. 

pj 5115 _ 1705 (dividing numerator and 
11880 3000 denominator by 3), 

“ ’ 7 <vj (dividing by 5), 


= '^2 (dividing by 11 ). 

Now, 31 is a prime number, and it does not 
divide 72, 


, 31 
72 

Example 2 . 


is in its lowest terms. 

Reduce to its lowest terms. 
10057 


By trial, 2, 3, 5, 7, 11, 13 are none of them 
common factors, so we find the II.C.F, 


2 

1582 

10057 

4 

452 

56,5 

1 

• • ■ 

113 


The H.C.F. is 113. Divide numerator and 
denominator by 1 1 3. The quotients are 14 and 89, 
. J582 ^ 14 ^ 

* ■ 10057 2 !! 1 ' 

H.C.F. working can be more compactly 
arranged than by the method in Art. 60. Here, 
the first remainder is 565. We now divide 
this into 1582, writing the quotient, 2 , on the 
left. Remainder is 452. Divide this into 565, 
putting the quotient on the right ; and so on. 

77. Any fraction can be expressed with a 
denominator which is any given multiple of its 
original denominator. 

Example 1. | can be expressed with de- 
nominator 7x4. 

^ _ 7 X 3 ^ 21. 

4 7 x 4 28' 


Thus 


for the value of 


the fraction is not altered when we multiply 
both numerator and denominator by 7. 

It is now clear that any number of fractions 
can be expressed as fractions with a denominator 
which is some common multiple of the original 
denominators. It is generally most con- 
venient to use the least common multiple. 

Example 2. ]^duoe A, A to ^ common 
oonominator^ 
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The L.C.M. of 7, 14, 21 is 42. There- 
fore, we express each fraction as a fraction 
with denominator 42. 

3 3x6 18 


7 X 


6 42’ 


5 

5 

X 

3 

15 

14““ 

14 

X 

3 

42’ 

8 

8 

X 

2 „ 

16 

21 

21 

X 

2 

42* 


Thus 


The multiplier for each fraction is, of course, 
found by dividing its denominator into the 
common denominator 42. 

78. Comparison of Fractions. When 
we have reduced any givim fractions to a common 
denominator, we see at once that the one with 
the largest numerator is the greatest fraction. 
For instance, in Ex. 2 of the last article, the 
three fractions were found equivalent to JS, 
i.|, and |!J. But greater than either 

li ill — ‘‘i the greatest of the given 
fractions. 

Example. Arrange in ascending order of 
magnitude, 

13 11 31 17 

15’ 14’ 35’ 21* 

Find L.C.M. of denominators ; 


1^5,14,35,21 

1 4~:i.iyX L.C.M. -=3x7x2x5 = 210. 

‘A .5 


][3^ 13 X 14 
15 15 x"l4 

31 _ 31 X 6 . 
35 35x6 


182 
210 ’ 
186 
' 210 “ 


11 

14 

17. 

21 


ll_x 15^ 165. 
14 x“l5 216 ' 
17 X 10 .^ 170 
2rx'K) 210* 


3 ’hercfore, the fractions in ascending order arc 


165 

17(\ 

182 

210 ’ 

210 ’ 

"210* 

11 

17 

13 

14 

21 ’ 

15 ’ 


186. 

210 ' 


31 


A?is. 


*''' 14’ 21’ 15’ 36 

79. We can also compare the magnitude of 
ractions by reducing them to a common 
lurnerator^ in which case the fraction wdth the 
east denominator is the greatest fraction. 

Example. Which is greater, 'i or g. 

Here, L.C.M. of the numerators is 6, 

^ 6 

7 7x2 14’ 

2 ^ 2 X 3 _ 6 . 

5 5"x 3 ” 15’ 

i.e.f is tlm greater fraction. 

80. Addition of Fractions. If two or 

lore fractions have the same denominator, 
tieir sum is obtained by adding tlie numerators. 


md 


6 

— , 

14 


rhus, — -I- 




5 _ 1±4 h_5 ^ 10 _ 

y- " 7 '' 7 

If the fractions have different denominators, 
e must first express them as equivalent fractions 
ith the same denominator. (Art. 77). 
Example 1. Find the value of 

13 . 5 ^ 

■9 y 21 3 * 


936 
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TheL.C.M. is 63. The several denominatoT8» 
when divided into 63, give 7, 9, 3, 21 respectively, 
for quotients. Therefore, we multiply the 
uumorators and denominators of the fractions 
by 7, 9, 3, 21, and add the numerators to obtain 
the required sum. The result must be reduced to 
a mixed number, or to lower terms, if necessary. 

The work is arranged thus : 



7+27+ 15+42 

* 


« n= m = U Ans. 

In adding mixed numbers, first add the whole 
numbers, then the fractions, finally adding the 
two results. 

Example 2. Add together 3 J + 7H + 

Given expression 

= 3+ 7 + 4+ J + ^j-+^J + 

, 15+35+88 f- 18 

— 14-1 — - , 


= 14 + = 14 + VA == 

81. Subtraction of Fractions. The 

principle is the same as in addition. Reduce 
the fractions, if they have different denominators, 
to a common denominator, and then take the 
difference of the numerators. In the case of 
mixed numbers, subtract the whole numbers 
and the fractions separately. 

Example 1. Take 4/^ from G?. 

6J-.4j^, =6-4 + ^-./r, 

- 2-1 

= 2 +./i == 2A- Ans, 

If the fractional part of the number to bo 
subtracted be greater than the fractional part 
of the other number, wo proceed as follows: 

Example 2. From 7A take 41}. 

7A-4VH7-4+ A-H. 

= 3 + 20-33 


= 2 + 
= 2 + 


75 ’ 

75+20-33 


75 

\ = 2H Atui. 

Examples. Simplify 3J + 4f-6Ji +^-ltJ. 
Given expression 

= 3 +4-6-1 + ^ + ^- 

70 + 225-195+ 18 - 294 


= 1 + 


, , 313-489 
.315 
628 - 489 
3l5 


316 


139 

315 


Am, 


The third line in working out this simpMca- 
liOfi is obtained by adding all the numerators 
Krftb -f before the^i, and then all those with - 
^before them. Ik 

ttl oi Fractions, (i.) 

Wb^n tbe a whole number. This, 

as in tbe case^ de numbers (Art 15), 
means that ytlfeitm the mm of a given 

number of f^titiodtis^ tbe fraction. 


Example f, / 

7. 7. 7 .7 28. 

4 means ^4--^ + U, y. 


or 


Hence, to mvUiply a fraction by a whole mmher, 
sim'^y mvUiply the numeraior by that number* 
Since the multiplier thus becomes a factor 
of the numerator, we cancel (Art. 75) any 
common factors contained in the multiplier and 
the denominator ; and this may be done before 
we perform the actual multiplication. Thus : 
Example 2. Multiply by 69. 

g X 69 = (oanoelUng 23), 


= y =28} Ans. 


It follows, that, if the multiplier be itself a 
factor of the denominator, wo may, to mnUiply 
a fraction by a whole number , divide the denomi- 
nator by that number. 

(li.) When the multiplier is a fraction. 

In performing the operation 7 x 9, it is plain 
that wc do to 7 what we do to a unit to obtain 
9. Similarly, f x ^ may be looked upon as 
doing to } what we do to the unit to obtain 

Now, to obtain from the unit, we must 
divide the umt into 11 equal parts and take 
4 of them. 

Thcrotore, to find the value of f x we must 
divide into 11 equal parts and take 4 of them. 

But ?? (Art. 73) = X H (Art. 82, i), 
so that, the eleventh part of i ; and, if we 
take 4 of these parts, we get 4, or . 

Thus, 1 X = li. Now 12 =3 x 4, and 55 =6 x 11. 

Hence wo have the following rule : To 
multiply two fractions together, multiply the 
numerators for a new numerator and the 
denominators for a new denominator. 

As in Ex. 2 the work is shortened if we 
cancel common factors from the numerators 
and denominators. 

Example 8. Multiply by If, 


■n*" glxl- S 

7 7 

Here, the 22 of the numerator and the 77 of 
the denominator contain a common factor, 11. 
Therefore, we cross out the 22 and write 2 
above it, and cross out the 77 and write 7 under 
it. Similarly, we cancel the factor 13 from 13 
and 91. There is now 2 left for numerator and 
7x7 for denominator. 

To multiply more than two fraotiqi^ together, 
we proceed in the some 

In multiplication of fractions, mixed numbers 
must first bo expressed as improper fractions. 

Example 4. Simplify 6| x x IJ}. 

5 

Given expression as M x-^ x 

9 i 


B. J. AUE^RT, 


END OF VOLUME OHB 



A KEY TO THE HARMSWORTH SELF-EDUCATOR 


From this table of the 25 groups of the Self-Kducator the student may find the place of any subject treated 
in the work. ^ The main groups appear in regular numerical order in each pa>t of the Educator, each group 
continuing until complete. The sub*divisions of the groups appear as nearly as possible in the order of this page. 


Group 1 . Success 

The Secrets of a Successful Life. Personality. Applied 
Education. Ideas. The Qualities that Win in the World. 

Group 2. Geography and Travel 

Geography. Physical, Political, and Commercial. 

Travel. Educational Travel. How to Sec the World. 

Group 3. Arts and Crafts 
Art. Ideals and History of Art. The Old Masters. 
Drawing. Freehand. Object. Brush. Memory. Light&Shade. 
Painting. Theory and Training. 

De-Sign. Design in Crafts and Trades. Book-decoration. 

Illumination. Design for textiles, wallpapers, metal work. 
Sculpture. Modelling. Chiselling. Casting. 
Architecture. Theory. Styles. Training. 

Carving. Wood. Bone. Ivory. Tortoiseshell. 

Art Metal Work. A Praetiral Course. 

Photography. A Course of Simple Lessons with a Camera. 

Group 4. Physiolofiry and Health 
Phvsiology. Structure and Working of the Human Body. 
Health. 'Ihe Laws of Health and Personal Hygiene. 

Group 5. Agriculture and Gnrdenlng 

Farming. A Practical Course in the (.'ultivatiori of the 
Earth. Live-stock. Dairying. Poultry. Beekeeping. 
Eokesiry. The llieory and Ibactice of Managing Trees. 
Gardening. Gardens lor IMeasure and Pioiit. 

Group 6. Chemistry 

Chemistry. Co nplete Course in Theory and Praelice. 
ApPLiEn CiiFMi^rRY. Ihe .\p|)licatiouH of Chemistry in 
Induslrv. (dif ideal Anah sis. Acids and Alkalies. Qilsand 
hats. W.ixcs. Candles. Soap. Glycerine. V'olalile Oils 
and Perfumes. Paints and PoIkIk's. Glues. Starch. Inks 
Coal Tar Products. Wood Distill.ition. Celluloid. Matches. 
Artifni.d Aiamires. l.hTlrfi-chemislry. Water-hoftoiiing. 
Wiible Products. Arlilicial Silk. 

Group 7. History 

The Story of All Ages and Peoples for Over Ten Thousaiul 
Yean, -l iom Ivgypt aiul Babylon to liurojM' in i<)i4. 

Group 8. Civil Englneerinpf and Transit 

Civil b'NOiNr.r.RiNO. Surveying. Varieties of Construc- 
tion. Reinforced Concrete. Roads. Bridges. Railways 
ami Tramw.^ys. Water Supply. Sewerage. Refuse, 
Hydraiilies. Pumps. Harbours. Docks. Lighthouses. 
Vehicles. Construction ami Use. Cycles. Cabs, Buses, Trams. 
Moiors. Design and Management ot a Motor Car. 
Aviaiio.n. S< ii-nce and Management of Plying Machines. 
Railw.ws. The \fanagemcnt and Control ot Railways. 
Bhipul'ILIjING. Shipping. Design and Construction. 

Group 9. Literature and JournalLsm 

Literature, A Survey of I'nglish Liltratiire and Foieign 
Classics. The World’s Great Books and their Writers. 
Journalism, llovv to Become a Journali-.l. A Guide to 
N< \%sj>aper Life. How to Write. The jomnalisi’.s System. 
pRiNiiNo. Composing by Ilaml ami .M.nlune — Linotype 
and .Monotype. Stereotyping and Printing. 

Tyi’F. I ype ('ntting and hounding. 

F^noravinc. and JiiCHiNG. Blockmaking and Process Work, 
l.i i iioGRAPHY. Printing from the Slone. 

J3uokuinding and Puhlishing, Bimling and Issuing Books. 

Group 10. Civil Service and Professions 

Civil Service. The I hree Bram hes of the Public S< i v it es 
ot the British lunpire — Municipal, N.itional, Imperial. 
Banking. Tin- Whole Practic<' of ilaiikmg. 

Law. How to Become a Solicitor or Banister. 

Medicine. Training of a Doctor, Vi'lennaiy Surgeons. 

Dentists. Chemists aiyl Druggists, Nurses. 
Insurance. Health. Unemployimnt. Life. Tire. Accident. 
Auctioneering and Valuing. Practical Training. 
Estate Agency. Managemimt of a Great iislate. 
Church. How to Enter the Ministry of all Denominations. 
Scholastic. Tcarhors. Professors. Governesses. Tutors. 
Secret ARIES. Institution officials. Political Agents, Lecturers. 
LlErtARiES. Management of Libraries. Cataloguing. 
Army, Navy Merchan r Service. How to Enter 1 hern. 

Group 11. Life and Mind 
Biology. The Rise of Life. Evolution. Heredity. 
Psychology. The Mind of Man. 

Sociology. Social Conditions. Welfare ot Communities. 
Eugenics. Human Beltcrmeiit ami the F'uturcof the Race. 

Group 12. Business 

DusiNa^s. The Management ot a Successful Business. 

System. Simple Political Economy. 

SiioVKEiiHtNG. All Kinds of Shops and Small Trades. 
AuvBRTisiNG. The Value of Advertising. How to Advertise. 
How to Write Advertisements. How to Get Them. 


Group 13. Physics and Power 

Physics. The Science of Matter and Motion. 

Power. Sources and Uses of Power. Air. Water. Wind. 

Sun. Steam. Oil. Gas. For Fdectricity, see Group 16. 
Prime Movers, Structure and Management of all Engines. 

Group 14. Building: Trades 

Building. The Building Trades and Building Materials: 
their Manufacture and Use. Building a House. Ex- 
cavating. Drainage. Bricks, Limes, and Cements. Brick- 
laying. Clav Wares. Reintorced Concrete. Masonry. 
Cariieiitry. Slates .md Tiles. Plumbing. Joinery. Foundry 
and Smith’s Work. Painting. Papering and Glazing 
Heating. Lighting. Ventilation. Quantity Surveying. 
Wood-working Maciiinkry. The Machine^ Used in 
Working Wood : Sawing, Turning, Planing, Moulding. 
Cabinet-making .ind Ui’Hoi.srKKiNo. 

Group 15. Natural History 

Botany. Flowers. PI. nils. Seeils. Trees. Ferns. Mosses. Fungi. 
Zoology. .Mammals. Birds. Fishes. Reptiles. Insects. 
Lower I'orms of Life. 

Bac it'RioLOGY. The Story of Microbes. B.acteriology in 
Relation to Health and industry. 

Group 16. Electricity 

lit-ECTRiriTV. Its Development and Countless Applica- 
tions. Electrical ICngineenng. 

Ti-legraphs and TFLF.ruoNES. The Instruments and 
How to Dper.ite Them. 

Wireless Transmi.ssion. The .Main Systems and their 
M<‘lhods of Working. 

Group 17. Music 

Old Notation and I'onic Solka. Tuition iu All Instru- 
ments. Onhestiation. 

ItLOcuTiON AND SiNGiNG. Ihe Voicp and its Treatment. 
Musical Insikumenis. Tluir Design ami Manufacture. 
Group 18. Manufactures 

Te-xtiles. Tlie li.xtile Trades from Beginning to End. 

Cotton. Wool Silk, lleinp, Idnx. .fute. Carpets. 
Leather. The Leather Ir, lustry. Tanning. Boots and 
Shoes. Saddlery. Belting. Gloves, ‘-uiidi y Leather Goods. 
Glass. MamitacUire of All Kinds of tdass! Staimd Glass. 
Earthenware. The Craft and Indusliy of Pottery. 
pAi'i R. Ikipermakmg of All Kindx. 

Rubber. The Source and Pieparation of Rubber, and 
M.inulacture of Rubber Goods. 

Tobacco. Cultivation and Manufacture. Tobacco Pipes.' 
Food Stn’i’LV, Milling. Breadniaking, Biscuits atid 
Conb ctiom ry. Sugar. Condiments, Fruit. Fisheries. 
Foo<l Preservation. 

Beviragfs. Tea, Coffee. Chocolate. Cocoa. Brewing. 

Wines and Ciders, .Mineral Waters. 

Basketmaking. Cork. Waiile. Cane. Barks. Brushes. 


Group 19. Astronomy. Geology. ArchsQology 

A.s iRONOMY. 'Ihe Universe as Wo Know It. Millions of 
Worlils. A Survey ol tin* Solar Svstem. 

Geology. 'I hi- Stiurturo of the ICarth. Petrology. 

Ciystallograpliy. Pakeontology. 

Arcii.eology. Buried Ilisloiy. The New Story of the 
Old Worbl as Reve.iled i>y the Ivxrav.itor. 

Group 20. Mechanical Engrlncerinfl: 

FIngini* eking. Applied Mernariics. Workshoji Practice. 

Machine Tools. Machines and Appliances, Cranes. 
Drawing tor Coppersmiths, Tinmen, and Boilermakeri. 

Group 21. Languages 

Latin. Em.lish. I'ki-sch. ('.ekman. Si-anisil 


Group 22. Dress and Housekeeping 

Drfss. Principles of Diessmaking. • Umlcrclothing, 
'failoring. Millinery. llatPrs. Furs and Fcathirs 
Housf.kkei*ing. Domestic Management. SertauU and 
their Duties. Cookery. Laundry. 

Group 23. Metals and Minerals 
Metals. Metallurgy. Properties and Characteristics of 
Metals. Iron and Steel. Copper. Tin. Zinc. Precious Metals. 
Mf.tal Manufactures. Arms and Ammunition. Cutlery. 

Clocks and Watches. Jewellery. Scientific Instruments. 
Minerals. Mineralogy. Properties and Characteristics 
of Minerals. 

Mining. Coal. Gold. Diamonds. Tin. 
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Every Day 
You Delay 


binding your parts of the Self-Educator they deteriorate, 
and that is the last thing you want to happen, for such a 
valuable work of reference, which you will want to turn 
to frequently, should be guarded and kept with the 
utmost care. And the only way to do that is to bind 
your parts, and the best way to bind them is in the 
publishers’ cases, which can be obtained in two styles : 


Handsome 0 % f 

Durable • 


Half-Leather dSfO 

Full Cloth 

■r 

Postage 3d. Extra in 

the United Kingdom. 



No other cases are so artistic or give your volumes 
so much distinction. Nor do any others wear so 
well. The publishers order these cases in large 
quantities, and therefore offer them at a much lower 
price than would otherwise be possible. Bind your volume 
now. It will double the value of the book to you. 
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should be bound only in the 
publishers’ covers^ which 
are not only the cheapest 
and best, but are specially 
designed to make reference 
easy. The choice of other 
covers leads to frequent con- 
fusion > and disappointment* 


The Half** Leather Binding— 2e. 6d. 




THE DEAD WORLD THAT CIRCLES THE EARTH 



rACiNO PAOE toai 


I’HK MOON AT THE A(}K OF ABOUT SEVEN DAYS 

From a photogra pH taken by M. Pu^ieux at the Paria Obicrvatory 





fiWUP 1-SUCCESS • THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 8 

Personality. Two Classes of Men. The Man who Gets 
Things Done. The Second In Command. Confidence. 

CHARACTER AND PERSONALITY 


To dogmatise about character would be 
* as foolish as to dogmatise about the 
unknown and partially discovered laws 
of Nature. In the main it is a nebulous 
thing, as difficult of definition as the 

fourth dimension,’* yet there is probably 
never a meeting of business men discussing 
methods and men in which the word 
‘‘ character ” and “ personality ” are not 
freely used. 

Suddenly to ask a man who is holding 
forth on the need of character or im- 
portance of personality what precisely he 
means by either phrase, might be to 
present a most awkward question. We 
use the words vaguely : they are thrown 
out to indicate roughly some idea common 
in our minds, and yet they may not always 
convey to others what they mean to our- 
selves. Knowing the difficulties of defi- 
nition, I shall make no attempt here to 
do more than say what is in my mind 
when using those words as applied to men. 

In a crude way, I take it that in ordinary 
talk one means pretty much the same 
thing by “ character ” as by person- 
ality.” The subtle distinction between 
the two is that the character of a man 
might be described as the inner qualities 
of his mind and nature, and his person-, 
ality as the more obvious outward ex- 
pression of these qualities. Anything 
more subtle than this is a matter for the 
philosopher, not for the straightforward 
dealer with men. 

It seems to me that there can be no 
form of business activity into which per- 
sonality does not enter and does not play 
its part in failure or success. Economists 
have claimed, and not without some show 
of reason, that this wonderful age of 
mechanism has tended to stamp out in- 
dividuality. I am free to doubt this, for 
it seems to me that human personality 
is something stronger than all machinery ; 
that it will express itself against all forces 
of circumstance. It is notorious that two 
men handling precisely similar machines 
can achieve widely different results. The 
individuality of man rises superior to the 
levelling influence of mechanism ; person- 


ality is indestructible. This may sound 
suspiciously like platitude, but most 
platitudes have something of the virtue of 
truth itself, which is less characteristic of 
the da;5zling paradox. 

Two men of equal training and ex- 
perience, up to a certain point in their 
.careers may be equally valuable to their 
employer ; yet he may see in one of them 
possibilities vastly in excess of those 
possessed by the. other, and this arising 
entirely from some point of character. 
The wise em])loyer makes a mental note of 
these possibilities, and when the occasion 
comes for testing the opinion he has formed 
he does so with confidence. If he has 
trained his powers of observation well, 
the test is most likely to prove successful, 
though I am far from claiming that there 
is any infallible touchstone of character. 

Personality is, or ought to be, the 
eternal quest of the employer who is 
anxious to make the most of those who 
serve him. It is true that in many of 
the humbler offices where routine duties 
are all that is required of the worker 
it is little odds from the employer’s im- 
mediate point of view wliat the personality 
of the worker may be ; but at best this is 
a narrow view, and one I have never 
entertained. An employer is false to his 
own best interests, and, indeed, to the 
interests of society at large, who does 
not provide for the continual progress of 
his employees, either in his own or in other 
respective businesses. 

In my opinion * competition — within 
reasonable limits - is beneficial to all. 
Where there is room for one there is room 
for others, and where there is room for 
others there is room for more. That is why 
I have stigmatised as narrow-minded the 
employer who is content to leave his 
servants rusting in the little corners they 
happen to fit in his system, without re- 
gard to their individual possibilities in 
the larger world of business, "ihe em- 
ployer who seeks the development of his 
workpeople on •the lines which their 
individual personalities most readily sug- 
gest is true to the best ideals of business. 
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It matters not whether his workpeople so 
encouraged outgrow the possibilities of 
his own employment and have to seek 
elsewhere for a larger outlet for those 
energies which he has fostered, as the 
general gain resulting to society will be 
reflected in its due degree on his own 
business ; but the certainty is that his own 
business in the process will have benefited 
greatly. I think this is sound in economics ; 
I am persuaded it is sound in practice. 

First impressions are important, but not 
all-important. It is a commonplace that 
many men unconsciously conceal rather 
than expose their character in their person- 
ality, and have to be studied on several 
occasions before one can form a just and 
proper estimate of them. As Tennyson 
says of words that they “ half reveal and 
half conceal the soul within,” so one might 
say of personality ; it half reveals and half 
conceals the inner cliaracter. But the 
very fact that A’s personality is an open 
gate to his character, while B’s is as a 
bolted door that requires some forcing, 
is of itself a help to the student of cha- 
racter, For A puts all his goods in his shop 
window, and gives a better first impres- 
sion than B, who makes less display, but 
holds a larger reserve. The first impression 
of A might be entirely satisfactory, and 
later experience of him equally so, while 
the first impression of B might be dis- 
appointing and later experience relatively 
gratifying. Indeed, the chances are that 
the final impression of B would be more 
satisfactory that that of A, although in- 
trinsically there might be little to choose 
between them. This is the result of the 
first impression of A having raised very 
high hopes of his ability, while the first 
impression of B left one in some doubt 
as to his qualities. All this tends to show 
that one has to be careful of these first 
impressions, and to have the courage to 
revise and modify them while maintaining 
fairness and justice to both A and B, who, 
it must always be remembered, may both 
have been natural and unaffected at the 
first interview. Truly, first impressions 
are very often lasting, and the curious 
instinct of divining character at first 
meeting — absolutely through the senses 
and by no effort of the mind — is a quality 
to be envied by aU whose lot in life is to 
deal continually with many diverse types 
of human personality. 

Roughly speaking, business men may be 
divided into two classes : those who do 
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things and those who get things done. I 
have always thought that the Kaffir name 
for a certain great Englishman, ” Mbtlo- 
hodi,” which is freely interpreted as 
“ The man who gets things done,” is one 
of the finest tributes ever paid to a public 
man. The man who is perfect in every 
detail of his work, who may be full of 
initiative, of resource, and the very em- 
bodiment of industry, but who only does 
things himself and has not the faculty for 
getting others to carry out his ideas and 
so to multiply his personality, is the lower 
of the two types of men regarded solely 
from the business point of view. 

There arc many men who can do things, 
but the men who can get things done are 
very few. It is merely a mathematical 
proposition to state that the man of the 
most admirable gifts who does his own 
work to perfection can never hope to 
achieve the same measure of success as the 
man who, with none of the other’s mastery 
of detail and power of execution, can con- 
trive by impressing upon his fellow- 
workers his conception of the things he 
wishes to have done, to make them become 
in a sense reproducers of his ideas, multi- 
pliers of his personality. It is given to 
some men to be able to say to others 
”Do this,” and to others to do things 
superlatively well. Both have their suc- 
cess and their joy of work, but the stronger 
personalities are those that say ” Do this ” 
and get it done. 

There is one detail which all business 
men who have had the direction of large 
enterprises must have had frequently to 
consider ; and that is the question of the 
” second in command.” At first blush it 
may be thought that this is a subject 
rather remote from personality, but it 
really strikes at the very core of character. 
There is no surer index of the weak man 
than his fear of having a colleague next 
in command who is as strong in character 
and clever in business capacity as him- 
self. At the back of innumerable failures 
in business has been the fafit that some 
one man who has climbed to a position of 
responsibility has been afraid oi the com- 
petition of a skilled ” second in command.” 
Wherever there is unmistakable evidence 
of this disposition in a man of responsi- 
bility it should be counted ^ rather of 
the nature of a heavy item on the debit 
side of his character. 

In the study of personality or character, 
evidence of confidence and enthusiasm is 
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of very great importance. Confidence is 
a fine thing ; but even if it were three- 
fourths of success, the remaining fourth 
is indispensable ; for, after all, three- 
fourths of success is not vastly better 
than failure. We are told by those who 
have studied the matter that the art of 
swimming is acquired slowly or quickly 
according as the would-be swimmer has 
confidence in himself. There is no doubt 
that, translated into the ordinary affairs 
■ of life, and particularly into the battle of 
business, this element of confidence also 
plays a notable part. 

I have heard that one of the many 
freakish American plans for helping the 
ambitious towards success provides for 
certain morning exercises in which the 
student has to repeat aloud to himself— 
with, I suppose, varying degrees of em- 
phasis— ^the words I will succeed today,*' 
and in sitting down in his office chair to 
begin the day's work he is to pause for 
a moment and utter a final “ I will 
succeed today*' The notion is, I presume, 
that by telling himself that he will suc- 
ceed he produces a sort of subconscious 
force that makes for success. We may 
describe it as the Dutch courage of con- 
fidence, but I gravely doubt that any 
man by taking thought can generate 
within himself the real spirit of confidence. 
It is something inborn, something that 
can be added to, and something very 
valuable if it is natural to the man. 

Confidence at best, however, is only a 
factor in success, and is only one of many 
aspects of character. It may be as 
harmful to one man as it is helpful to 
another. If it be not backed up by 
common sense and reason, if it rest not 
on some basis of sound sober thought, 
then confidence may be a perilous posses- 
sion. I suppose it is true that as many 
failures have been made by men who 
were confident of. success as by men who 
were dubious and lacking confidence. I 
am even ready to believe that as many 
successes have been made by men who 
were so afraid of failure that they left 
no stone unturned to ensure success as 
by men who had simply the one splendid 
impulse of confidence in their success. 

I think I have already hinted at some 
of the other personal qualities that reveal 
character, and the possession of which, 
together with confidence, would leave 
little room for doubt as to a man's per- 
sonality ; but of all the qualities worthy 


of admiration and calculated to tend 
siiccessward, I should incline to ])lace 
enthusiasm highest. This, too, is a cha- 
racteristic whose presence may not imply 
certain other absolutely essential qualities. 
But enthusiasm is a thing that some 
jxjrsonalities radiate, and often it covers 
a multitude of shortcomings 

The self-confident person who lacks the 
ability to give his ]dans shape and direc- 
tion only succeeds in presenting a person- 
ality that repels, that prevents others 
from co-operating with him towards his 
own success. But the man who is afire 
with enthusiasm for some enterprise which, 
single-handed, he could not direct and 
engineer to success, will often succeed by 
the mere contagion of his enthusiasm as 
it affects his colleagues in the enterprise. 
Enthusiasm is indeed a beautiful thing, 
and in any analysis of success I venture 
to think it would be found a much 
weightier factor than mere confidence. 
Notliing worth doing has ever been done 
without enthusiasm, and even when it is 
misdirected it is not necessarily vain. 

One has to be careful, of course, in 
setting down these thoughts not to over- 
look the defects which so often accompany 
the merits. The “ blind enthusiast " is a 
common phrase of our uorkaday speech 
which reminds us that there is such a 
thing as enthusiasm that outruns discre- 
tion. All who have fought in the battle 
of business know that even enthusiasm 
has failed at times to carry the day, 
and just as much as a man may burn 
with enthusiasm in the heat of the fight, 
so may he cool down in the chill of failure. 
Indeed, there are different kinds of enthu- 
siasm. The only right kind is that which 
secs success ahead and works steadily 
towards it with a strong conviction of 
attainment, but if the opposing forces 
eventually prove too strong, does not give 
w^ay to despair, but speedily generates a 
new enthusiasm for some fresh enterprise 
and conveniently dismisses from his mind 
the one that failed. 

Very often enthusiasm implies a restless 
spirit, keen at the beginning of a venture 
but cooling soon after the excitement of 
the start. Confidence too frequently ob- 
scures the defects of the situation to be 
faced. Caution, the other liand, is 
apt to paralyse enterprise, and mastery 
of detail to blind one to the broad issues 
that lead successward. 

NORTHCLTFFE 
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HIGHLANDS AND WESTERN ISLES OF SCOTLAND 



the western counties of SCOTLAND, SHOWING. ITS RUGGED COASTLINE AND THE NUMEROUS 
large and SMALL ISLANDS IN THE ATLANTIC 


Th ‘1 man is not exact in dlitanoe, but It gives an impresuon of the countnr. The light dotted linos represent itcamship 
Th B map IS no5 exact. heavy dotted lines show the boundaries of the counties. 
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The Orkneys and Shetlands. The Hebrides. The Highlands 
and Lowlands. Scottish Coalfields. Southern Uplands. 

THE FACE OF SCOTLAND 


Pack region of the British Isles has its own 
character — inland or maritime, highlanci or 
lowland, agricultural, pastoral, or manufacturing, 
and each must be briefly described. 

The Scottish Islands. In the Orkneys 
and Shetlands we are on the fringe of inhabited 
Britain, among a people mainly Scandinavian. 
Both groups number scores of islands, most of 
which an5 uninhabited. In the Shetlands. Main- 
land is the largest island ; it is over 50 miles 
long, but so interseettd by the sea that no 
place is more than four miles inland. Lei*wick 
is the chief town. In all the islands the shores 
are wild and rocky, and the interior is a bleak, 
treeless moorland, feeding cattle, sheep, and 
small ponic^s. The climate is almost too w'ct 
and cool for agriculture, but some barley, Oeds, 
and potatoes are grown. Nearly every man is 
a flsherman, the herring lisheries being the most 
important. In the long winter nights the 
women knit fine shawls of the soft island wool 
for export. Life in the Orkneys is very similar 
to that in the Shetlands. Pomona is the largest 
island, and Kirkwall the largest town. 

The Hebrides, off the west coast, aro divided 
into the Outer Hebrides, of which the largest 
is Lewis, and the Inner Hebrides, with Skye in 
the north, Mull in tlie centr(\ Islay in the south, 
as well as many smaller islands. 

Surrounded by stormy seas, with fierce 
currents running between the islands, it is 
natural that the fisheries, though important, 
should not be very profitable. The wet climate 
does not favour agriculture, and much of the 
interior is poor moorland, only fit for sheep or 
deer. In summer the beautiful sea and moun- 
tain scenery brings many tourists, who add 
something to the scanty resources of the island(‘rs. 
Peat is the chief fuel, and oatmeal and fish form 
the staple diet. Simple habits prevail, and 
cottage industries are still carried on in the long 
winter nights. The hand-woven Harris tweeds 
are made in the south of Lewis, in the north- 
east of which is Stornoway, the chief town and 
fishing centre. Portree in 8kye, Tobermory in 
Mull, and Bow more in Islay are all tourist 
centres, Iona, with its relics of early Chris- 
tianity, and Staffa, with Fingal’s Cave, both 
west of Mull, are much visited in summer. 

The North«Western Highlands. Thv 
map indicates the character of this region. 
Lying far north, where the summers are short 
and the winters long, and with little land under 
1000 feet above the sea, the conditions of life 
must ever bo severe, and population scanty. 
In the west, the mountains conic down to the 
Bea, which has drowned the lower valleys, 
forming fiords. These open to wild and lonely 
glens, often filled by long, narrow lakes, fed 


by innumerable mountain torrents, w hoso waters, 
browned by a peat soil, leap from boulder to 
boulder in wild beauty. An occasional slicep- 
farm or shooting lodge is the only sign of life, 
for this is the home of the sheep and deer, not 
of men. In the north-east is the lower tableland 
of Caithness, whose red sandstones, resembling 
those of Orkney, aro largely quarried. The 
softer rock and lower elevation allow of some 
aip'iculture, but fishing and sheep farming are 
still the chief occupations. Bare moors, known 
as deer forests, are numerous, and the salmon 
fisheries in the streams bring tourists in summer. 
Towns, not all of which are in Caithness, 
include Thurso, Wick, Dornoch, Tain, Ding- 
wall. (Vomarty, and Beauly. The Cromarty 
Firth is an important naval station. 

The Wonderful Valley of Glenmore. 
Two railways reach the west coast, one at 
Mallaig, from Fort William, at the southern end 
of Glenmore ; one at the Kyle of Lochalsh, 
beyond Stromo Ferry, from Inverness at the 
northern end of Glenmore. This wonderful 
natural rift, running from the Moray Firth to 
Loch Liniihe and the Firth of Lome, divides 
the highlands into two parts. On either side of 
Glenmore — the Great Valley, or Glen — tower 
bare mountains, with here and there a glen 
opening to east or west between hillsides, which 
in autumn arc glowing with bracken or purple 
with heather, in the floor of the glen are 
Lochs Ness, Oieh, and Loeby. Across the allu^ 
vial flats between them a canal has been cut, 
converting Glcnmon^ into the Caledonian Canal. 
At the north end is Inverness ; at the south 
end of Loch Ness is Fort Augustus, in the 
centre of the waterway ; and near the south 
end of the glen is Fort William, behind which 
arc seen ih(5 })rceipitous flanks of huge Ben Nevis 
(4400 ft.), the higliest point in the British Isles. 

The South-West of the Highlands. 
This region of sea lochs and mountain glens, part 
of the •South-Western Highlands, has a beauty all 
its own. It is inhabited only along the shores 
of the fiords, where fishing villages arc numerous. 
It is most accessible by sea, for few roads and 
no railways arc carried up its steep glens south 
of Oban. It is busiy and prosperous in the short 
yachting and shooting season, but the winters 
arc long and lonely. After Fort William, the 
chief town is Oban, on the Kcrrera Sound, a 
centre of yachting and steamer traffic. This 
district is connccled w'ith the south by the 
West Highland and the (yallander and Oban 
Railway's. The former line from Mallaig and 
Fort William crosses the desolate moor of Kan- 
noch to Loch Ldhioud, which opens a direct 
route south to Dumbarton and the Clyde. 
The other line runs from Oban round Loch 
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Awe to Loch Earn and by Jstrathyre and the Pass 
of Lcny to Callander. The Lower Clyde, below 
Dumbarton, is a magnificent fiord, from which 
smaller fiords ojien to the north. 

At its mouth is the hilly island of Bute, with 
Rothesay, on a magnificent bay, commanding 
one of the finest views in the world. This is 
the starting ])lace for the famous Kyles of Bute, 
a chain of sounds opening to Loch Fyne, at the 
head of which is Jnviaaray. The western wall of 
Loch Fyne is formed by the long mountainous 
peninsula of Cantyre, across which the Crinan 
Canal gives a short route from Oban to Glasgow. 
East of Cantyre in Arran, with lofty, precipitous 
peaks, wild glens, arid romantic views of moun- 
tain and sea. Brodick and Lamlash, the large.st 
towns, are little more than villages. 

The South-East or Grampian High- 
lands. The.se highlands, which lie south of 
Glenmore, and cast of the valleys and lakes 
followed by the West Highland line, are the 
most rugg(id and inaccessible jiart of the British 
Isles. They are not, lik(^ the South-west High- 
lands, opened iiji by winding fiords, and the only 
natural routes are the Tay valley, opening to 
the south ; t ho Dec valley, opening to the east ; 
and the Spey valley, opening to the north. 
Between these is a bleak arul lofty n'gion, buried 
in snow in winter, iwroHH which the railways 
and roads are earri<‘d with great difliculty. 
Much of it consists of grouse moors and deer 
forests. Sheef) farms arc scattered among the hill 
pastures of the lower va lleys, and some agriculture 
is possibk^ where those open to the lowlands. 
Towns arc found mostly in the valleys. 

The Splendid Position of Perth. 

The southern margin of this groat highland 
area, which deseoiids steeply to the plain and 
from Perth, looks like a mountain range, is 
called the Grampian Blount ains. In reality it 
is only the edge of a great plateau which it is 
convenient to call the (Grampian Highlands. 
All the routes from the north converge on 
Pertli on the Tny. From Stirling a route goes 
to (killander, ]>ast Lochs V(‘nnacher and 

Achray, to the Trossachs Ptuss, Loch Katrine, 
and Loch l.omond, one of the finest tours 
in the Highlands. (Jrieff, situated farther 

north, (!ominaiKls similar routes. Perth, 

on the Tay, at the end of the Sidlaws, com- 
mands routes in all directions, and is the key of 
the Highlands. The main route to the north 
follows the Tay to Dunkeld. After receiving 
a branch from Loch Tay, it traverses the 
wild ravine of the Garry by the famous Pass 
of Killiecrankie, and crosses the divide to the 
Spey valley at a height of 1500 feet. This 
natural route between the Monadliath Moun- 
tains on the north-west, and the Lochnagar and 
Cairngorm Mountains on the south-east, is 
followed as far as Aviemoro, through wild and 
desolate scenery. 

After Aviemoro the main •line strikes away 
from the Spey across the lower eastern end of 
the Monadliath Mountains to Inverness, while a 
branch continues by the Spey to the rich agri- 
cultural lowlands on the Moray Firth, 
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Towns in the South-East Highlands are numer- 
ous, the most important among them being Nairn, 
Forres, Elgin, Banff, and Fraserburgh ; those on the 
coast are engaged in fishing and fish-curing. Many 
small rivers from the eastern slopes of the High- 
lands cross the north Aberdeen lowland, where 
1‘eterhead is the busiest town. Aberdeen, built 
where the valleys of the Don and Dee converge, 
has a university. It is a fishing and fish-curing 
centre, a busy port, shipping grey granite to 
the south, and has manufactures, A line follows 
the Dee valley to Ballater, near Balmoral, 
within reach of the magnificent scenery of the 
almost inaccessible Cairngorm and Lochnagar 
Mountains, the former separating it from the 
Spey valley. Many valleys, with towns at their 
mouths, open to the lowmmls of Forfar, Ashich 
form part of the Midland Plain. Montrose and 
Arbroath on the coast, and Forfar inland, are the 
largest towns immediately north of the Sidlaws. 

The Midland Plain, or Lowlands. 

At the base of the southern escarpment of the 
Gramyuan Highlands extends Strathmore, a 
broad stretch of old red sandstone, with a deep 
and fertile soil. It is bounded to the south by 
a broken line of heights, known under various 
names, between which the rivers reach the sea. 
The Tay and Earn reach the Firth of Tay be- 
tw(5en the Sidlaw Hills of Forfar and the Oohil 
Hills of Fife. South of the former is the fertile 
Carse of Gowrie, with Dundee, manufacturing 
jute and marmalade, as its chief town. Here 
the Tay c.stuary is bridged. Tlio Forth, which 
rises on Ben Lomond, broadens into the Firth of 
Forth, between the Ochils and the Campsie Hills. 
Stirling, with its towering castle rock, the lava 
plug which once filled the vent of a long-perished 
volcano, guards this important river, which 
here forms its famous links or windings. ^Fho 
Clyde, from the Southern Uplands, with fine falls 
near Lanark, becomes at Glasgow one of the 
greatest commcrce-ladcn rivera in the world. 

The Scottish Coalfields. South of the 
Renfrew Heights, which divide the Midland Plain 
into two parts, arc some of the Scottish coalfields. 
The Ayrshire field, which lies west of the Renfrew 
Heights, ships much of its output from Troon and 
other ports to the manufacturing town.s of the 
opposite coast of Ireland. Kilmarnock, manu- 
facturing \voollens, is the chief town of the 
Ayrshire field. The central, or Forth and Clyde 
field, extends up the Clyde as far south as 
Lanark, and as far east as the Forth estuary. 
Glasgow, built, like many other prosperouAr cities, 
at the lowest point where a navigable river can 
be bridged, is the centre of one of the busiest 
industrial districts in the world. It has immense 
shipbuilding and engineering works, chemical 
and other manufactures, and an enormous trans- 
atlantic trade. Both banks of the Clyde as far 
as Dumbarton on the right, and Greenock on the 
left, are lined with busy towns. Of the inland 
towns, Coatbridge, Motherwell, and Airdrie 
have mining and iron industries, and Paisley 
manufactures into thread the cotton brought 
to Glasgow. The eastern part of the coalfield, 
with fewer facilities for obtaining raw material 
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by 8ea, is loss busy. Stirling makes tartans, 
carpets, and other woollens, and Falkirk has 
collieries, ironworks, and chemical manufac- 
tures. The coalfields of Fife and Midlothian 
are on opposite sides of the Forth estuary. On 
the former, Burntisland, Kirkcaldy, and Methil 
ship coal, Dunfermline manufactures linens, 
and Kirkcaldy linoleum. 

Edinburgh and the Lothiana. In 
Midlothian, the chief town is Edinburgh, the 
capital of Scotland. It is built where the Pent- 
land Hills approach the sea, round a castlc- 
crowned crag like that of Stirling. Edinburgh 
guards the routes south into England and 
west to the Clyde. It has a famous university 
and medical school. Among its industries paper- 
making, printing, and brewing are iniportant. 
Its port is Leith, continuous with it, which ships 


noticed. That of the Clyde has already been 
described. The Nith valley, at the mouth of 
w^hich is Dumfries, with woollen, iron, and leather 
manufactures, forms one of the main routes 
betiveen Carlisle and Glasgow. West of the 
Nith the hills are wilder and the valleys more 
fertile. Kircudbrightshire is famous for its 
heather honey. Salmon fisheries are important 
in the Solway Firth. Sheep and cattle are kept 
throughout this region, the Galloway cattle being 
a famous dairy breed. East of the Nith is the 
Annan, giving a route to the Clyde valley. The 
railway crosses the divide at Bcattock, in a 
sheep-farming district, with a great annual sale 
of Cheviot rams. The height at Beattock is 
nearly 1000 ft., and the surroiinding hills rise 
to 2500 ft. East of the Annan route passes 
lead to Peebles, Selkirk, and the Tweed valley. 
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much coal. Above Edinburgh is the great Forth 
Bridge across the estuary. In the neighbour- 
hood of Edinburgh are collieries and oil shale 
works, and many paper-mills, worked by the 
streams coming down from the Pentlands. 
Fishing villages dot the southern shore of the 
estuary. Dunbar, at the base of the Lamnicr- 
muirs, controls the route from England to Scot- 
land round their eastern base. 

The Southern Uplands. A line drawn 
from Dunbar to Girvan, on the Ayrshire coast, 
marks the northern limit of rocks older than 
those of the plain, but younger than those of the 
northern highlands. These form the Southern 
Uplands. The scenery is le^is picturesque than 
that of the highlands. Instead of bare, rocky 
peaks and precipices, the hills have rounded 
forms, and soil enough for coarse pastures, bare 
rock being seldom seen. The four river valleys, 
of the Clyde, Nith, Annan, and Tw eed, must be 
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which widens in the east to a considerable 
lowland. Its tributaries — Gala, Yarrow, Ettrick, 
Teviot, and others — drain a high, bleak region 
occupied by scattered sheep farms. The wool 
is manufactured in small towns in the valleys 
below — Peebles, Innerleithen, Galashiels, Selkirk, 
Hawick, and others — all of which are iiffportant 
market towns. Ruined abbeys, of wdiich Melrose 
on the Tw'eed is the most famous, show how 
disastrous were the interminable English wars. 
Many old keeps and border castles tell the same 
tale, and have been immortalised by Sir ^Valter 
Scott. On the lower Tweed are Kelso, the 
centre of a rich agricultural district, and Berwick, 
on the English border, technically in England, 
T)io route from Carlisle to Edinburgh crosses the 
Southern Uplands by the Liddel, Tweed, Gala, 
and the Midlothian Esk valleys. That from 
Berwick skirts the eastern coast. 

A. J. AND P. D. HERBERTSON 
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National Variations of Romanesque Art Under 
the Dominating Influence of the Church 

THE FORERUNNER OF GOTHIC ART 


'T’he art of the Middle Ages may be 
* divided into two periods : the Roman- 
esque and the Gothic. The earlier of the 
two coincides with the troublous time 
after the fall of the Roman Empire, when 
the world power passed to the Northern 
States, and was essentially of a mon- 
astic character. The peoples were engaged 
in constant war and strife, and the cult 
of the arts and sciences was almost en- 
tirely in the hands of the religious bodies, 
whose main energy was directed towards 
the building of churches and monasteries. 

Thus the Romanesque period was, above 
all, one of architecture, the other arts 
being pressed into its service as subor- 
dinate adjuncts ; and the characteristics 
of the style which, as the name conveys, 
was based on the Roman model, can best 
be studied in such churches and buildings 
as have escaped decay or destruction. 

The plan of the Romanesque church is 
based on that of the early Christian 
basilica; but the modifications gradually 
introduced in the plan soon transformed 
the entire style. The one characteristic 
feature which is retained through all 
phases of Romanesque architecture, and 
which is its chief distinguishing feature 
from the Gothic, is the round arch. The 
modifications of the plan include the 
lengthening of the choir and of the tran- 
sept to form a cross-shape, and the aboli- 
tion of the forecourt or atrium, which is 
either left out altogether or reduced to 
a small vestibule. It is only natural that 
the simultaneous evolution of the Roman- 
esque style should have taken different 
forms in the different countries. 

Thus, in Italy the clock tower remained 
an independent member of the building ; 
whilst in Germany and France the two 
spires flanking the main porch, as an in- 
t egral part of the architectural plan, became 
the customary device. In the Provence 
again, under Saracenic influence, the 
pointed arch was frequently adopted in 
the place of the semicircular arch. 

In early Romanesque times the nave 
had generally a flat, wooden ceiling like 
the early basilica, which was first replaced 


by the barrel vault, and later by plain 
cross vaulting. This cross vaulting was 
first introduced in the narrower aisles, 
and for a long time the difficulties of 
spanning the loftier and wider nave were 
considered insuperable. The nave, being 
generally of about twice the width of the 
arches by which it is separated from 
the aisles, it was found necessary in the 
vaulting of the nave to carry the “ groin- 
rib ” across the width of two arches of 
the colonnade, so that the vaulting is 
supported by alternating columns, or 
rather pillars, since the new conditions 
necessitated a firmer support. 

Asa result, the harsh contrasts between 
the supporting and resting members disap- 
peared, and gave way to flowing line and 
rhyl hmic articulation. To bring t he width 
of each compartment of the vaulting into 
harmony with the arches of the colonnade 
(which had only half the width), a blind 
arch was frequently imposed over two of 
the arches, connecting two pillars in a 
semicircle which had its centre on the 
capital of the intermediate column. 

Columns in the Romanesque period no 
longer followed any rules of proportion, 
and were on the whole more massive than 
in the classic period. As regards the 
capital, the typical form is a fanciful 
cubic shape which in an ingenious manner 
establishes a natural passing from the 
circular shaft to the square architrave. 
The exterior, too, is marked by its mas- 
siveness and preponderance of masonry, 
in contradistinction to the Gothic church, 
where the eye is caught by the lace-like 
traceries of windows, rose-windows, and 
pinnacles. In Italy, more particularly, 
the long, horizontal lines of the nave and 
the lower aisles, which are clearly marked 
on the exterior, give the character to the 
building ; whereas in Gothic church archi- 
tecture the eye is carried heavenwards by 
the perpendicular lines of the spires and 
pinnacles. The relief ornamentation con- 
sists of a conventional treatment of plant 
and animal forn^, whilst the wall spaces 
of the interior, especially of the apse, 
are frequently decorated with fresco 
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paintings. For baptisteries and mort- 
uary chapels a circular or polygonal plan 
was generally adhered to, as during the 
early Christian f)eriod. 

One of the earliest and most imposing 
works of Romanesque architecture in 
Italy is the Cathedral of Pisa, with its 
famous leaning tower and circular baptis- 
tery. The plan is of basilica type, with 
a nave flanked by two aisles on either 
side, a transept divided, as it were, into 
a nave and aisles by two colonnades, and 
terminating in apses, with the intersection 
of nave and transept crowned by a cupola. 
The exterior and the inner wall are built 
of alternate layers of blocks of white and 
green marble. The entire exterior is beau- 
tifully articulated by colonnades of blind 
arches on the ground floor, and arcades 
of free columns on the upper part. The 
cathedral was begun in lobj. The leaning 
tower owes its deviation of about i6 ft. 
from the j)erpendicular, in the first in- 
stance, to the sinking of the foundations, 
which took ])lace in the course of its 
construction ; but this unforeseen diffi- 
culty did not prevent the bold builders 
continuing the work, which has now 
eildured for over eight centuries. 

In Florence, San Miniato is the earliest 
and most exquisite example of Romanesque 
architecture, and is remarkable for its 
raised choir over a beautifully vaulted 
crypt. The walls are covered with beau- 
tiful marble incrustation in panels and 
bands of black and white. The interior 
is covered with a timber roof decorated 
with bright gold, green, red, and blue. 

In Northern Italy the development of 
the Romanesque style was considerably 
influenced by that of Central Europe, 
and the details in particular lead up to 
the Gothic forms, though the campanile, 
or clock tower, even where it is not 
detached from the body of the church, 
never forms an integral part of the design. 
Brick was frequently used as building 
material, and very restricted use was 
made of exterior decoration. Frequently 
the articulation of the building, the 
division into nave and aisles, is not even 
suggested on the facade, and the galleries 
are restricted to the top of the gables 
and apses. Examples of this style abound 
in Lombardy and Northern Italy, among 
the most notable being San Zenone in 
Verona, Sail Michele in Pavia, and the 
Cathed^al in Modena. Of secular buildings 
of the period the Palazzo Loredan and the 
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Fondaco dei Turchi. in Venice, present 
perhaps the most typical examples. 

In Southern Italy and Sicily the 
Romanesque style was grafted by the 
Norman conquerors on the Byzantine and 
Mohammedan tradition which had taken 
firm root on this soil. The result was a 
curious mixture of a basilica plan, Byzan- 
tine mosaics and ornamentation, Saracenic 
pointed arches, and Romanesque towers, 
such as is to be found in the church of 
Monreale and in Palermo Cathedral. 

In France, again, we have to distinguish 
between the South and the North. The 
South followed the tradition of classic 
architecture in construction and decorative 
detail. Barrel vaulting was extensively 
resorted to, the vault generally covering 
the entire lengtli of the nave, whilst the 
aisles terminated in semi-barrel vaults, 
which counteracted the thrust of the 
central vault, leading it to the outer walls. 
The system necessitated the sacrifice of 
the clerestory windows, and the substitu- 
tion of strong shafts or pillars for the 
columns. The chief monuments of this 
type are to be found in the Provence 
and the Danphine. Avignon Cathedral, 
St. Sernin, at Toulouse (end of eleventh 
century), and Arles Cathedral are among 
the most no able examples. The Roman- 
esque churches of Burgundy and French 
Switzerland arc very similar in plan. 

In the North, the cool, bold, and clear 
spirit of the Normans left its impress on 
the architectural style of this race of 
conquerors, which is throughout logical 
and structurally sound. In the place of 
the barrel vault we find here generally 
cross vaulting. Two bold towers rise from 
the front of the churches, and, as a rule, 
another massive square tower crowns the 
intersection of the nave and transept. 
The ornamentation is very simple, and 
almost entirely of linear character — ^mean- 
ders, zigzag lines, and chessboard pattern ; 
but towards the end of the perjgd these 
motifs were very extensively employed, 
covering large surfaces on the porches, 
arcades, and interior walls. A notable 
example of this Norman - Romanesque 
style is the church of St. Etienne at Caen, 
built at the end of the eleventh century. 

The Norman style came to England in 
the wake of William the Conqueror, and 
soon supplanted the earlier Saxon style, 
from which it adopted, however, the use 
of timber, especially for ceilings. Vaulted 
naves of this period are almost unknown. 
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The crossing is generally crowned by a 
massive tower, which is frequently orna- 
mented with arcadings. The ornamentation 
is particularly rich m the doorways ; the 
columns are generally round, with square 
capitals, and very massive and heavy, as 
though they were intended to sumort a 
heavy vault. Most of the Norman English 
cathedrals have undergone numerous modi- 
fications at later periods, but those of 
Peterborough, Gloucester, Waltham, Win- 
chester, and Norwich have retained much 
of their original Romanesque character, 
though Norwich and Durham have Gothic 
vaults, and Peterborough a Gothic west 
front and retro-choir. In London, Roman- 
esque or Norman architecture is best 
represented by the round portion of the 
Ti^mple Church, the Keep and St. John’s 
Chapel in the Tower, and St. Bartholomew 
the Great, Smithfield. 

In Germany, the Rhine provinces hold 
the finest examples of Romanesque archi- 
tecture, which is here closely allied with 
that of Northern Italy. A most impressive 
feature is offered by the numerous octa- 
gonal and circular turrets, and the arcaded 
galleries with which the churches are 
adorned. The articulation is very clear and 
simple, and every member of the building 
is given just the necessary degree of promi- 
nence. Vaulting was first introduced in 
the Rhenish provinces, but only about half 
a century alter its general adoption in 
France. Romanesque church buildings 
abound in almost every part of Germany, 
and we need only mention the cathedrals 
of Worms, Spires, Aix-la-Chapelle, May- 
ence, Treves, Bonn, and Regensburg. 

Throughout Europe, wherever the 
Romanesque style took root, the artistic 
expression of the period was essentially 
architectural. It was a time of general, 
as opposed to individual, ideas, and the 
flourishing of sculpture and painting can 
only coincide with that liberty of the 
individual which was then practically 
non-existent. Then the practice of the 
fine arts was almost entirely in the hands 
of the Church, and had to follow strictly 
traditional lines. The chief object of art 
in the hands of the priests and monastic 
orders was edification and instruction, 
and the means by which this was achieved 
wfis adherence to conventional symbols. 

The forms of antiquity had lost their 
natural grace and flow of line in the 
Byzantine period, and w’ere handed over 
to the Romanesque craftsmen in this stiff 


and formal modification. A considerable 
stretch of time was needed before the 
Northern races could rediscover the classic 
spirit that lay concealed under this for- 
malism, and before they could develop 
a new style upon this foundation. In 
subject matter, as in form, the ruling of 
the Church dominated Romanesque art, 
and secular subjects occur but on rare 
occasions, as in the famous Bayeux 
tapestry, in which William the Conqueror’s 
wife gave a naive pictorial record of the 
conquest of England by the Normans. 
But Christian symbolism in art was by no 
means confined to Scriptural representa- 
tions, and, as we have already found in the 
paintings of the catacombs, the characters 
of ancient mythology were frequently 
repeated, though a new symbolical mean- 
.ing was now attached to them. A solemn, 
dignified formalism prevails which favours 
the typical rather than the individual. 

In plastic art, the Romanesque period is 
chiefly remarkable for the numerous 
beautifully executed ivory carvings, which 
have been preserved in considerable 
numbers, and constitute the most com- 
plete link that connects the classic with 
the Gothic period. The craftsmen of that 
era also excelled in bronze casting, and 
numerous church doors with figure reliefs 
still testify to their skill. The art of 
enamelling was extensively practised, 
particularly at Limoges, and constitutes, 
through its application to metal w'ork in 
relief, a transition from painting to 
sculpture. The method employed by the 
Limoges workers (champlevc) differs from 
that of the Byzantines (cloisonne), in so 
far as the latter filled the enamels into 
compartments formed by gold wire soldered 
to the base, while the former hollowed out 
the ground so that the gold or gilt outlines, 
which divided the different colours, stood 
out in relief. Painting was entirely con- 
fined to the illumination of manuscripts 
and the decoration of church walls with 
conventionally-treated figures. 

The striving for artistic freedom and 
new forms is clearly perceptible in the 
closing epoch of the Romanesque period, 
though for a long time it was kept down 
by the severity of the hierarchic tradition 
and by the rule of the Church. Only 
about the beginning of the thirteenth 
.century, with the dawn of the Gothic 
epoch, did art attain to that individual ex- 
pression which makes it a vital factor in 
the life of nations. P. G. KONODY 
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The Action of the Heart, Arteries, Capillaries, and Veins* 
Pulsation. Vascular Glands. The Lymphatic System. 


THE STREAM OF LIFE 


W E have considered the whole system of 
vessels, large and small, that convey the 
blood to every part of the body, and examined 
the wonderful pump by means of which the life 
stream is propelled once round the body every 
minute. All this can, of course, be looked at 
after death ; and if any student is interested 
enough to verify the facts we have described, and 
shall describe., in this course, an admirable way 
of doing so is to buy a skinned rabbit that has not 
had its internal organs removed, and then, with 
a common penknife and a pair of forceps, the 
leading facts of anatomy can, with little trouble, 
be clearly made out ; and although the arrange- 
ment in a rabbit is not exactly that of a human 
being, it is quite near enough to serve all 
practical purposes. 

The Blood in Circulation. But now 

wo have to follow mentally what cannot be seen 
by dissection — and that is the blood in actual 
circulation through the body. 

The best w’ay is to begin with the heart, and 
follow the cour.se of the blood through the 
various chambers there, bearing in mind at the 
outset one or two leading facts. The blood 
enters the heart on the right side, and tinally 
leaves it for the body on the left. The right 
heart is always full of bluish, or venous, blood ; 
thi5 left cf bright red, or arterial, blood. 

The blood arrives at the right side of the heart 
by the two large veins from the upper and lower 
parts of the body. Just before the. inferior vena 
cava, or lower vein, reaches the heart, it receives 
its fresh supply of food by a large vessel from tlu' 
liver that opens into it; and just before ihc 
superior vena cava, or upper vein, reaches the 
heart, it receives all the chyle, or digested fat, 
together with the purified lymph, from the body, 
so that the venous blood which pours into the 
heart is nob the same as that which left the 
capillaries, but has already received its fresh 
supplies of nourishment. All it now wants is the 
oxygen from the air to restore its bright colour. 

The Heart an Automatic Pump. The 

blood enters the heart by the right anrich, and 
pours down through the open valve in the floor 
into tho right ventricle below. As this fills with 
blood, tho flaps of the valve — three in number 
(hence it is called the tricusind valve, because 
it has three cusps, or flaps) — float up on the 
blood and close together gradually. When 
the right ventricle is quite full, the heart coin- 
tracts forcibly, and all the blood is forced out of 
the ventricle, through another valve with three 
flaps, along a short artery called tho pulmonary, 
or lung artery, because it takes the blood to the 
lungs to bo charged with fresh air. It then 
passes through the innumerable lung capillarie.s. 


Wlien the blood has received its supply of 
oxygen, it returns by Jour vesseh, called tho 
pulmonary veins, to the kjt auricle. It pours 
through the vah e in the floor (which is called the 
mitral valve, because it is like a bishop’s mitre, 
and has only two flaps, or cusps) into tho left 
ventricle. As this fills, tho cusps of the mitral 
valvo are floated up and closed. The heart then 
contracts vigorously (at the same time as on the 
right side) by sudden muscular action of the 
walls (which are over half an inch thick) and 
forces all the blood through another valve with 
three flaps, called tho aortic valve, into the 
aorta. [8ee WiUT is the Pulse — page 953.] 

We thus see there are two principal circula- 
tions — one called the systematic, or greater, circu- 
lation, that circulates through tho system or 
body ; and the other tho pulmonary, or lesser, 
circulation, that circulates through the lungs. 
In the former the blood loses oxygen, gains 
carbonic acid, and becomes dark and impure ; in 
the latter the blood loses carbonic acid, gains 
oxygen, and becomes bright and pure. 

The Power of the Heart. The strength 
of the beat of tho left ventricle is double that 
of the right, and the whole force exerted by the 
heart is equal to 120 tons lifted one foot liigh, 
or the heart’s own weight raised 20,000 ft. 
cvciy hour. The greatest height an active 
man can raise himself is 1000 ft. an hour ; a 
locomotive can raise itself nearly 3000 ft., but 
the heart raises itself higher tliaii Mont Blanc — a 
truly remarkable capacity for work. There is an 
idea that the heart is more iiu;essantly at work 
than other organs. Such is not tho case, but 
the periods of rest alternate much more rapidly. 
All working parts of the l)ody have their intervals 
of rest — the brain when wo sleep ; tho st omach, 
eyelids, and diaphragm at shorter intervals. 

If the whole circle of the heart’s action be 
completed in of a second, half of this is rest, 
as is represented in [38]. The contraction of the 
heart is called the systole, tho rest tho diastole. 

The movements of the heart are mainly caused 
by three sets of ganglia in the heart itself. With 
proper care, a heart can therefore beat when out 
of the body altogether, and even when cut in 
tliree pieces, each of which includes one of these 
ganglia or nerve centres. 

Arterial Circulation . Passing on now to 
tho course of tho hlood in tho arteries. w(j must 
remember that we have not here to deal with a 
series of rigid pipes, but highly (‘lastic tubt's. 
This elasticity is a very important property in 
more ways than one. Jn the first place, tho beat 
of tho heart or tho ifijection of four tablcspooiifiils 
of blood into the aorta is intermittent, and takes 
place about seventy times a minut(j, or at least 
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oveiy second. This force, if an artery were a 
rigid tube like a gas- pipe, would draw the blood 
along in jerks at about 200 ft. a second. As it is, 
the force first of all distends the clastic artery 
so that we can feel it swelling beneath the finger 
at the wTists, and can also often notice it with 
the eye there, and at the temples [33 J. Then, in 
the intervals between the beats, the contraction 
of the over-stretched artery still keeps up the 
pressure on the blood, and forces it along the 
vessel, converting by this means an intermittent 
propelling power of 200 ft. a second into a steady 
flow of about one foot a second, which is the 
average arterial speed of the blood until the capil- 
laries are reached. We have stated that if the 
arterial calibre be represented by a tube one inch 
in diameter, that of the united capillaries would 
bo about two feet, or nearly 600 times as great. 

The Rush of the Blood ChecKed. 
Hero, then, the rush of the blood is completely 
checked. It is like a river flowing into a lake, 
and not only into a lake, but into a network of 
tiny channels equal in size to a lake, and in- 
volving loss of |)owcr by friction against their 
million walls. All this reduces the blood speed 
from one foot a second to one inch a minute. On 
this retardation, as wo have shown, our life 
depends. The air and food cannot be brought 



88. ONE BEAT OF THE HEART 

A. Auricular Systole sec. B. VGntrl<*ular Systole — 
sec. O, Iiiustole, or pause— ^ sec. 


too quickly to the populous cell towns ; but 
once there it is carried slowly from door to door 
that each may take his share, and all be satisfied. 
So far, from all we have said, it might bo sup- 
posed that the process is simply mechanical; 
A well-made pump beating ever at 70 strokes a 
minute forces the blood into miles of tiny tubes, 
through whicli it circulates at a fixed rate. But 
such is not the case. In the first place the 
circulation in the arterial system depends, of 
course, upon the heart’s l>cat ; but this is by no 
means uniform nor equally forcible, for in its 
turn it is controlled from the lower brain. The 
control may bo partly reflex — that is, the result 
of stimuli ; but those who have thought more 
on the subject are convinced that even in reflex 
action there is something more than mechanism ; 
there is the directing agent of mind. 

Action of the Capillaries. Once, how- 
ever, the capillaries are reached, the power that 
controls the movement of the blood is no 
longer the heart force with which it is propelled, 
but the opening or closing of the channels 
through which it has to flow. There is, as we 
shall see when we study the nervous system, 
and as we have briefly pointed out in speaking 
of assimilation, a central power that control 
absolutely the opening and closing of the miles 
of capillaries in the body, so that they are in- 
cessantly varying according to the changing 
needs oi the economy, and its requirements not 
only of food but of heat. For we must ever 
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remember that this great circulation of hot food 
through the body not only feeds it, but to some 
extent warms it. 

We cannot here go into the wonderful way 
in which whole tracts of capillaries are thus 
incessantly being opened and closed according 
to the body’s needs. 

The Blood in the Veins. When we 
come to the veins we find for the first time the 
circulation begins to be in difficulties. It is 
easy to drive the blood from the heart to the 
capillaries, say, of the great toe ; the difficulty 
is to get it back again. It is in everj^ sense 
uphill work, for the force of the heart is well- 
nigh spent as far os direct impulse goes, owing 
to the passage through the capillaries ; but still 
a certain compulsion from behind remains to 
help the blood, now venous in colour and quality, 
back to the heart. 

The second help that comes into play arises from 
the fact that the walls of the veins are thinner 
than the arteries, and as they arc placed between 
the largo muscles in many cases, muscular 
contraction in the exercise of arms and k^gs 
squeezes these veins so forcibly as almost to 
act as another pump. Of course, a moment’s 
reflection will show that squeezing a pipe alone 
does not propel the contents — it simply forces 
some portion back and some a little forward. 
Valves are required tliat open toward the 
h(*art, but camiot bo opened backward, and 
these, as we have seen, the veins possess ; so 
that every squeeze can only move the blood 
in one direction, and that is toward the heart. 
Hero wo seo the value of exercise in aiding the 
venous circulation. Without it the venous blood 
tends to stagnate, and as a result all the vital 
processes are retarded as the circulation 
becomes enfeebled. 

Respiration Aids the Circulation. 

The next help the circulation gets is from the 
respiration, in which the pressure on the large 
blood-vessels and heart is withdrawn, and then 
the blood is sucked up toward that organ. 
The factors, then, that bring the blood back from 
the capillaries to the heart are : (1) The heart’s 
beat; (2) the thinness of the veins ; (3) the squeez- 
ing by muscle contraction ; (4) the valves ; (5) 
respiration. Thus in almost one minute the blood 
flows from the left to the right side of the heart. 

We may hero state that generally the influences 
that slow down the circulation are cold, digitalis, 
and the pneumogastric nerve, whereas heat, 
atropine, and the sympathetic nerve accelerate 
it. The vaso-motor nerve opens anchyloses the 
capillaries, and these act harmoniously, not 
only with arteries, but with the nerves con- 
trolling the heart. 

When the Blood leaves the Heart. 

Blood, when it leaves the heart, has its choice of 
one of five courses. The shortest is round the walls 
of the heart itself, to nourish its muscles, starting 
from the left side and returning through the 
right veins. This is called the coronary circu- 
lation. The next longer is from the pulmonary 
artery in the right side of the heart through the 
lungs and back to the left side of the heart by 
the four pulmonary veins. This is called the 
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pulnimarf/ circulation. The secoml longer is 
from the left aide of the heart through the walla 
of the digestive organs and kidneys, receiving the 
food and carrying it into the liver and also 
getting rid of any refuse, and flowing back to the 
right side of the heart. This is called the digea^ 
tive circulation. The third longer is from the 
left side of the heart through the brain by special 
capillaries>and veins that cannot close, which we 
shall describe later, and so back to 
the right side of the heart. This is 
called the cerebral circulation. The 
laat and longest is through every 
part of the body, and this is the 
syaiemic circulation, and has been 
already described. 

'What is the Pulse? The 
pulse is not the actual flow of the 
blood, which would C(Ttairily appear 
to be intermittent, as indeed it is, 
when it spurts out of a eutjiarteiy\ 

In the clos(‘d artery, however, it is 
not, as w'c have shown, inter- 
mittent, but is steady, owing to the 
pressure of the blood in front and 
the give of the (jlastio arterial 
walls. The pulse is the wave sent 
along tlie blood by the; beat of the 
heart, by the forcing into the aorta 
of the fresh su])ply of blood. This LYMPHATIC 
wave passes down the blood-strearn, VRSSKT.S IN 
stretching th(* wall of the artery as 
it travels along twentv-eight tiin(*s («) Lyrnphaia* 
:is fast as the blood ‘itself flows. 

The pulse, thendore, at the wrist is almost simul- 
taneous with th(‘ b(‘at of tlu^ h(*art, which it 
could not ])ossibly be if it were the flow' of blood 
that caused it. 

Besides its elasticity, the artery has also its 
muscular coat, which in the smaller vessels 
adjusts th(‘ amount of blood to the state of 
the capillaries (whetln'r open or shut), so that 
th<‘re may b(^ no sudden block. This nice 
adaptation of the si/e of th(5 ve.sscl to the amount 
of blood in it is called ‘‘ tone,” and the loss of 
tone in an artery shows either languor of central 
controlling pow'cr (lU'rvx* exhaustion), or failure of 
ehistieity (due to age or diseast;), or the formation 
in the arterial walls of hard plates (as in gout), all 
interfering with the regularity of the circidation. 

A })ulsc is to be found not only at the wTist, 
but wherever an art(Ty is near enough to the 
surface for the wave of the pulse to be felt or 
seen, as at the temples, the ankles, and so on. 

The Vascular Glands. As indirectly 
connected with the vascular system, wo may 
here consider the vascular glands, which include 
the spleen, tlie thyroid and the thymus glands, 
and the suj^rarenal capsules. 

The spleen is about the size and shape of the 
palm of the owner’s hand, and is situated beneath 
the ninth, tenth, and eleventh ribs in the left 
side beneath the diaphragm. Its convex side 
is outward and its concave is in close proximity 
with the tail of the pancreas. It is of a deep 
red colour, full of blocd, and weighs about half 
a pound. It is credited with many functions, one 
being that of a storehouse of peptones. The red 
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corpuscles of the blood are also said to bt? born 
here and introduced into the blood in great 
numbers, and then broken up and taken out 
when they want to die. The spleen is greatly 
enlarged in ague and other diseases. 

The thyroid gland consists of two lobes, united 
by a band and lying in front of the larnyx, or 
throat. It weighs normally 1 J ounces ; but, like 
the spleen, may b(5 greatly enlarged in disease. 
It contains a gummy material, the purport of 
which is not readily ascertained. When it is 
diseased, the mental facmlties seem affected. The 
D(‘rbyshir(? neck or goitre is an enlargement of 
this gland. 

The thymus gland is an inch long, lying lower 
down at birth on each side of the windpipe, but 
disappt'aring very early in life. Jt may form red 
corpuscles, like the spleen. 

The suprarenal capsules ar(‘ two small bodies 
like coek(‘d hats, one on the top of each kidney, 
and s(‘em to serve*, a remarkable purpose. The 
extra<it obtained from them has a marvellous 
pow(*r of contracting capillaries and stopping the 
flow' of blood, and is now ext<*nsively used in 
aiTcsting luemorrhage. Its ]>owtT is womlerful, 
and W'e have nothing so eflieaeious in drugs. 
When these suprarenal eapsiih's are diseased, 
the w'holc> skin gets the colour of l>ron/(*. I’lien^ 
is no doubt that they (‘xereise a powerful in- 
ti uenet* over the 
(‘cononiy of the 
body, and further 
diseov(‘n(‘s may t(^ll 
us exactly what 
t his inllucnee is. 

The Lymph- 
atic System. 
W(* now turn to a 
brief (l(‘seription of 
the lymphatic sys- 
t(‘m,a small portion 
of which only has 
bei*n touclieil upon 
in tieseribing the 
digestion of fat. 

It will be remem- 
bered that at the 
outset we point ('d 
out that throughout 
the body tlu‘re are 
three descriptions 
of vessels coloured 



40 . THORACIC DUCT 
(a) lliba; (h) reccptaculuin chyll ; 
(<') left jutrular vein ; {d) trunk of 
tliorudc (luct ; («) left subclavian 
vein; (/) J u n c 1 1 o u *0 f t h e a e 
two veins, showins entrance of 
thoracic duct; (g) superior vena 
cuva; ih) lymphatic i^iauils 


by the fluid they 
contain r(‘d, bine, 
and white. The red 
and blue we have 
considered — they 
convey the arterial 
and the venous 


blood. The white or colourless a re the ly m phatics, 
which form a system almost as larger as the Iruc^ 
vascular system, of which they are an appendage, 
and with which they are everywhere connected. 
Wo must undcrstand,,then, that within the whole 
of the tissues of the body surrounding all the capil- 
laries, and existing wherever there are no blood- 
vessels, is a vast network of tubco containing 
the li(][uid drainage of tlio body, which flows 
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through 11 those vessels, always toward the 
heart. The lymph capillaries collect into large 
lymphatics, and eventually enter two trunks, 
the right thoracic duct, which is small, and the 
left thoracic duct, which is very much larger, 
and which carries all the fat from the food ; 
these enter the veins on each side of the root of 
the nock. Just as all the body cells and tissues 
are being continually irrigated by cajnllaries, 
whose thin walls aJloW the lluid to ooze through, 
so they are constantly being drained of the 
surplus fluid by the lymphatics [39]. Besides this 
general use, the lymphatics have at least two 
other special functions. 

1. They act in the intestines by the agency 
of the lacteals as absorbents of “ fat food and 
in the formation of chyle. 

2. In some tissues they form the solo source 
of nourishment, as in the cornea of the eye, 
and in mnny connective tissues which have no 
blood circulation. 

The whole system may be regarded as a 
necessary appendage to the vascular system, 

although wo have treated 

part of it under the head \ ^oJCt 

of absorption in order 

to complete the history p 

of food digestion. The 

lymphatics that begin 

as capillaries round the ^ 

blood- vess(‘ls have very : . .y ? 

thin and irregular walls, 

and often appear mere 

channels hollowed out in tf ' ' 


the surrounding tissues. ; 

The lymph is the agent ‘ 

in conveying the oxygen W'i-WWvT' 

and food from the blood ^ 

surround, to the body 

cells, as well as in con- _ ,y..j 

vcying the major part of 41. section of a LYMriiATic gland 

the excreta, CO.., urea («) Afferent* (ft) elfcrent lymphatirs: (c) lymphoid ttssne 
niifl nn frr»m (^0 cortical auhstauoe; (<;) lymph-path : (/) fibrous cap.siili 

ana so on, irom ineso sending divisions into (< 7 ) (he substance of the glamt 
into the blood. It is the 

middleman between the tissues and the blood. glands have done tlr 

Movement of the Lymph. The move- arranged all over th( 

niont of the lymph toward the heart is first due called strategic point: 

to muscular ])rcssiiro and very numerous valves. body cannot bo exaggi 

The collap.siblo lymphatics, whether among In cancer of the bi 
the voluntary muscles of the neck or the un- early stages, when the i 

striped muscles of the intestine, have their from entering the blc 

contents therefore propelled in one direction, in the armpit, which 

A second force is the direct act of the muscles poison, becoming cnla 

surrounding each lacteal in the villi, by which, process. Should, how< 

when full, their contents are ejected into the to progress undetected 

vessels beneath, valves again jireventing their its volume becomes t< 

return. A third force is the inspiratory move- them into the blood, a 

ment of the chest (as in the veins) which both the body, and other cei 

squeezes fluid into the lymphatics and sucks These lymphatic glar 

the fluid of the large ducts into the blood-stream, corpuscles, similar to t 

The lymphatics of the body, with the exception these that destroy the 

of some on the right side, but including all the up and reducing ther 

lacteals, discharge their cdhtents — after passing the drainage of the be 

through numerous lymphatic glands on the way — , poured into the blood, 

into a large reservoir about 2 in. long, called in the same way as 

the receptaculum chyli [40], lying in the abdomen purified by passing it t 

at the rower part of the spine on the left side. 
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From here a stout tube, as thick as a goose- 
quill and about IS in, in length, called the left 
thoracic leads right up the left side, and 
empties its contents at the juncture of the neck 
and arm (jugular and subclavian veins), thence 
to bo carried to the right side of the heart. 

The Police of the Body. Nearly all the 
lymph before entering the blood has to pass 
through one or more lymphatic glands. These 
are found in groat numbers in the trunk of the 
body, in the ne(!k, armpit, and groin, but not 
farther down the limbs than the elbow or knee. 
Those glands are somewhat the shape of small 
beans, lying right across the path of the lymph- 
atics, with the convex side outward or down- 
ward, along which the lymphatics enter, while 
the lymph leaves it at the hilum, or depression, 
on the other side by one or two larger vessels [41]. 

The lymphatic glands may bo said to represent 
the police of the body, and every suspicious 
suhstanco that ('ut(‘rs the body finds its way to 
them sooner or later, and is there detained. 
They stop, as far as they are able, the eireu- 

^ lation of all poisons in 

the system ; but for them 
poisoned finger would 

P infallibly infect the whole 

i body. Yet, thanks to a 

I small gland at the bend 

; of the elbow, or, if this 

^ I fail, the extensive chain 

1 of glands in the armpit, 

I the poison is arrested 

i and destroyed. Some- 

’ times the head or throat 

' or ear or mouth is 

* poisoned, and then it is 

that the poison is 
arrested ancl stopped 
and the life is saved by 
y the lymphatic gland in 

LYMriiATic GLAND the neck or throat ; the 

jphatirs: (c) lymphoid tl.ssnc ; glands swell and get 

lumps, which tell us the 
glands have done their work well. They are 
arranged all over the body at what may bo 
called strategic points, and their value to the 
body cannot bo exaggerated. 

In cancer of the breast, for instance, in the 
early stages, when the poison is slight, it is stopped 
from entering the blood-stream by the glands 
in the armpit, which receive and destroy the 
poison, becoming enlarged and inflamed in the 
process. Should, however, the poisq^^bo allowed 
to progress undetected, there comes a time when 
its volume becomes too great, and it gets past 
them into the blood, and is there carried all over 
the body, and other centres of cancer are formed. 
These lymphatic glands are filled with white 
corpuscles, similar to those in the blood, and it is 
these that destroy the poisons by breaking them 
up and reducing them to their elements. All 
the drainage of the body, therefore, before it is 
, poured into the blood, is carefully purified, much 
in the same way as impure water may be 
purified by passing it through a filter. 

A. T. SCHOFIELD 
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fiROUP 5-AGR ICU LTURE • THE CULTIVATIO N OF THE EARTH-CHAPTER 8 

Grass and Hay Production. Manuring and Irrigation. 

Constituents of a Good Crop. Haymaking and Thatching. 

PASTURES, MEADOWS, AND HAY 

A jfasiure is permanent grass-land used for shown that tho varieties of plant growing on 
stock. Meachw land, on the other hand, manured land are reduced in number. At 
equally permanent, is land which is usually llothamsted, while the grasses proper never 
mown, and subsequently grazed, although, where formed less than some 50 per cent, of tho entire 
it is again intended to mow the crop, stock should herbage, they reached on one plot 99 per cent, 

not remain upon it after the first week in Feb- The leguminous, or clover, herbage never 

ruary. It is often customary to mow a meadow exceeded 40 per cent., but in one instance there 

in alternate years, grazing during the years was positively no clover at all. Again, the 

between. Pasture land, upon which stock are remaining herbage, chiefly consisting of weeds, 
fed with cake or corn, may imi)rove in quality was so large upon one plot that it reached 
from year to year ; for tho manure they produce 40 per cent., and so small upon another that it 
is all retained, while its value is improved did not reach J per cent. If, therefore, by tho 
owing to the extra food consumed. Thus the intensive farming of grass-land weed plants can 
animals may return to tho land a larger amount be produced and clovers increased to the extent 
of fertilising matter than they extract from it. to which these figures point, it is obvious that 

Further, the continual treading of stock keej)s tho benefit to the farmer from tho point of 

it compact, and induces tho finer grasses to view of quality may be as great as that from 
grow more vigorously. the point of view of quantity. * 

If the herbage of two fields of identical When Grass-land is Profitable. 

charact(T the one being a pasture and the other Grass-land can make no profitable return unless 

a meadow-~-is examined, it will be noticed it is well cultivated. There are tens of thousands 
that it differs in variety and eliaraeter. If, too, of acres within easy distance of the metropolis 

one part of a meadow is skilfully manured from which do not make a gross return of £5 a year ; 

year to year, and the other part unmanured, and yet, under other systems of cultivation, 
it will be recognised that a great change has tliis same land is equal to the production of 
been effected m the composition of the herbage, ordinary crops worth at least double tho 
On the unmanured land the plants grown money. In many cjises market gardeners and 
will bo in greater variety ; there will be more nurserymen very largely exceed this figures, 
weeds and fewer grasses and clover. On the and there is little doubt that in some as much 
manured land the number of weed plants will £1000 per acre is returned per annum by tho 
he diminished, while tho number of clovers aid of glass on the same class of soil, 
and grasses will bo increased. growth of grass for hay on heavy land 

The Improvement of Meadows, is best stimulated by annual dressings of dung 
Where meadows are mown annually, they may and artificial manures ; 5 tons of dung with 
still be enabled to improve in quality under a J owt. of nitrate of soda and 2 ewt. each of 
regular and well-devised system of manuring ; kainite and superphosjihate, or 4 ewt. of basic 
the soil will thus increase in its fertilising value, slag— tho latter where tho land is in need of 
while both the quantity and the quality of lime — will quickly improve the poorest grass- 
herbage will improve. Over a period of years, fields, and, as year succeeds year, convert 
heavy manuring upon experimental plots at land which is almost barren into a comparatively 
Rothamsted resulted in the increase of the hay luxuriant pasture or meadow. For ordinary 
crop to some tons per acre, whereas, where purposes, meadow land in fairly good condition 
no manure was employed, tho crop only just may be maintained by the annual application of 
exceeded IJ tons. Again, over a period of I ewt. of nitrate of soda with 3 ewt. of super- 
seventeen years, the total quantity of hay phosphate, or 5 ewt. of ba.sic slag, 
produced by the employment of large dressings A pasture is not so easily exhausted as a 
of superphosphate, nitrate of soda, sulphate of meadow from which the crop is annually re- 
ammonia, sulphate of potash, and sulphate of moved, and for this reason it is seldom manured, 
soda reached from 62 to 72 ewt. per acre, while Grazing promotes tho growth of the finer 
tho addition of silicate of soda increased the grasses, and the diminution of those of a coarser 
crop to 86 ewt. nature. The best pastures arc in the lowlands, 

Manuring and Hay. To these facts especially in river valleys, on rich marshes 
we may add that the composition of hay, from and alluvial soils ; and here it is customary 
a feeding point of view, is also changed where to feed off the crops with cattle. On the other 
manuring is systematic. For example, the hand, the poorer pastures are on the uplands, 
employment of farmyard dung is follow^ by of which the downs are an example, and here 
a marked increase in the composition of the sheep are employed with the same object, 
crop in potash and phosphoric acid and a but it is seldom that we hear of either upland or 
decrease in nitrogen and Ume. We have already lowland pastures being manured with dung 

EMBMCINa FARMliToTiVE^CK. DAIRYING BEEKEEPING, FORESTRY, GARDENING 
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or the various artificial mixtures. Owing to tho 
shortness of the roots of the grasses, and 
their conseciuently diminished power of ex- 
tracting mineral foods, it is essential that, from 
time to time, tho chief mineral h'rtilisers, 
[>otash and the phosphates, should be sup])lied 
if tho land is to produce good crops. If nitro- 
genojis manure is employed, the grasfK?s will 
respond to it, but at the cfltpen.se of tho 
clovers, which are of liigh value as food, unless 
phosphatic manure forms part of the dressing. 

To Get the Best from Land. Although 
tho average British hay crop is only 23*6 cwt., 
and tho average English crop 24 cwt., a IJ-ton 
crop corresponding to five tons of grass, it 
must not be sup])o.sed that it is impossible to 
exceed this quantity on soil of average quality. 
It is customary among farmers to deprcciato 
the value of the land they occupy, but there 
is very little land in this country which is 
farmed for a livelihood which could not bo 
immensely improved, and which would not 
grow much larg«;r crops by good management. 

What do we mean by this term ? Simply 
that tho gra.ss must be f(‘d with manure, tho 
ficldiS in which it grows k(‘j)t in rational condition, 
the drains kept open, the ditches cleaned out, 
the fences maintained, and the most obnoxious 
weed.s, sueh as the thisthi and the dock, per- 
manently removed — for time and manure; alone 
will cause a suppression of weeds of a less 
marked character. In tho early s})ring grass- 
land needs harrowing, by wliicli means moss is 
|)ulled U}), the soil aerated, emb(*dded stones 
brought to the .surface' for picking, the droppings 
of cattle spread, and the land prepared for 
broadcasting artilicial maTiure. Before rolling 
— a very nc'cessary operation, for grasses like a 
solid bed — stones must be picked up and carted 
away, and mole-hills and ant-hills levelled. A 
field is tlien ready for the scythe as Boon as 
the crop is grown. 

Irrigation. Grassland is occasionally irri- 
gated and maintained as a water-meadow, 
but the cost of preparation is considerable, 
hence the system is uiq)opular. Under a normal 
system of irrigation the water is turned on to 
the land, over which it runs through channels 
made for the purpose during late autumn and 
winter, when, owing in part to the fact that the 
water is moving, and in part to the further fact 
that it is charged with oxygen, tho grass is 
induced to grow during cold weather. In spring 
the water is turned off, preparatory to tho 
growth and harvesting of the crop, after which 
the land is again irrigated, that a second growth 
may be encouraged for feediiiiz stock in autumn. 

Laying down Land to Grass. Many 
of our permanent pastures have been under 
grass from prehistoric) time.s. Grass-land, how- 
ever, is frequently ploughed up. and planted 
with arable crops ; but it *is provided in most 
leases and agi*cements that the ploughing of 
permanent pasture is at tho peril of the tenant, 
who is heavily penalised. It is much more 
common, however, to lay land down to perma- 
nent pasture, although some years must elapse 
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before it can be regarded as first-rate, however 
well the work may be managed. Preferably 
the crop in the previous year should be roots or 
potatoes. An opportunity is thus given for 
both cleaning and manuring the land. If the 
root crop consists of turnips, it may be fed off 
by sheep which are well supplied with cake and 
com. In this way tho droppings will further 
enrich the land, and still better prepare it 
for nourishing tho young grass plants in the 
following year. In some cases land intended 
for grass is barc-f allowed — that is, it is cleaned 
and no crop is grown. 

In all cases success depends upon the cleanli- 
ness of tho land, sufficiently deep ploughing, 
line tilth, a firm bed, and good seed. Care 
should bo taken, especially where sheep feed off 
a turnip crop, that the manure they have 
dropped should be kept near the surface, so 
that deep ploughing should have preceded 
the sowing of tho turnips, and subsequent 
ploughing should bo shallow. This will ensure 
a firm and yet sufficiently tine seed-bed. Tho 
surface cannot bo too fine, nor, subsequent to 
seeding, too compact. 

Necessary Precautions. Many expe- 
rienced farmers i^refor to sow grass and clover 
s(*eds for permanent pasture in a wb(;at crop, 
cs])(*(ually for the reason that, owing to the lapse 
of months since the wheat wa.s sown, tho bed will 
be linn. If, before sowing, the wheat is hand- 
hoed — although this is a co.stly operation — and 
siih.se(|uently harrowed in fine weather for the 
destruelionof small W(‘ed plants, a grass seed-bed 
will be prepared. The seed may be sown with 
tho barrow, as elsewhere described, covered in 
with very light harrows, and subsecpiently rolled 
to complete the proce.ss. 

It is probable, how'over, that the majority of 
skilled farmers sow their grass seeds in spring 
com — barley or oats ; but w'hatever the practice, 
the su{)[)re.S8ion of weeds, tho provision of fine 
smface tilth, and a compact seed -bod are 
imperative. It is obvious that the seeds should 
not only be of high germinating power, but of 
great purity. In tho chapter on grasses (see 
page 674) will be found suggestions for seed 
mixtures. Tho seed should be sown and the 
whole operation completed in fine weather, 
tramping on a grass seed -bed in wet weather, 
especially if the soil is heavy, being disastrous. 

The Nature and Yield of Hay. 
Hay is produced from the mixed herbage 
of the meadow* — from clover, laixtures of 
clover and particular grasses, from lye 
grasses, timothy grass, both of which are 
occasionally sown alone, from lucerne and 
stiinfoin — by the aid of the sun and the 
wind. When green oats, rye, or vetches are 
cut and dried in a similar manner, they are also 
often described* as hay. 

The dried grass of the meadow is known as 
meadow hay; hay of other kinds is usually 
described as mixture whore the plants composing 
it are mixed, or by tho name of tho particular 
plant which has been cut. Hay is chiefly 
employed as a food for horses, cows, and sheep. 
Growers within reasonable distances ol lar^ 
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towns send their best hay to market in trusses 
of 50 lb. each, Inisses forming a lotid. The 
trussed liay which has been pressed weighs, 
volume for volume, 50 per cent, more than hay 
trussed by hand. When hay is eheap, it returns 
a veiy small f)rolit to the growler, the average 
Englisli yi(^ld being only 24 cw't. to the acre in 
the ease of meadow hay, and 29 cwt. in the case 
of clover and other artificial grasses. When less 
than 50s. a load is realised for a good sample it 
is wiser to feed the crop to stock on the farm. 
In gra,ss counties, as in the West of England, 
hay forms the chief winter ration of the cow and 
the flock ; in arable counties meadow hay is but 
little grown, the cattle being chiefly fed upon 
roots, straw, cake, and corn. 

Qualities of Good Hay. The best hay 
is produced from early cut grass. The great 
majority of farmers prefer to cut later in the 
hope of obtaining a greater weiglit per acre ; 
but tliis extra weight, tangible tliough small, 
is accompanied by inferiority in the quality. 
The s(?eds are in largo part formed in late-cut 
grass, and, although small, contain tho chief 
feeding proi)orties of tho plant, but they are 
largely shed. What therefore remains in stem 
and leaf is tough, stringy, and little better than 
straw. Good hay should not only bo highly 
nutritious, but fragrant, green, and tender, 
and this may ho secured while the grass is 
still young and succulent. When grass is cut 
early, a larger and much more valuable after- 
growth is ohtaiued, while the work of the farm 
is advanc(‘d. On the contrary, when it is cut 
late, not only does the quality suffer, and 
consequently the market value of the crop, 
hut the after-growth in dry seasons becomes 
very scanty. The fragrance of hay depends 
partly upon tin; grasses of which it is composed, 
the skill exercised in making, and the proper 
heating in tho stack. Greenness is secured 
chiefly by wind-drying. When the sun is 
powerful, hay is easily bleached unless it is 
quickly handled and carried, hut oven then 
the colour is not so [)erfect as when it is dried 
chiefly by tho aid of a warm wind. There are 
many buyers who prefer brown hay— that is, 
hay which has been sun-dried and properly 
heated in the stack. 

Effect of Rain and Time. Both 
colour and fragrance as well as feeding value 
are lost where hay has been wetted by rain, 
or when it is carried and stacked before it is 
sufTiciently dry. If carried when too dry, 
fragrance and succulence are lost altogether 
with colour and flavour. Rain, however, is the 
greatest enemy to hay, inasmuch as it not only 
washes out the soluble albuminoids and other 
feeding materials, but there is a danger of mould 
in the rick. Old hay is fuller in fragrance and 
deeper in colour than new hay, and as with time 
it settles in tho rick it weighs more per cubic 
foot. Apart from the points to which we have 
referred, the quality of hay depends upon the 
herbage from which it is produceef. There should, 
for exam:rfe, be no plantain, Yorkshire fog, dock, 
knapweed, and little of the inferior grasses. In 
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all samples of meadow hay, clovers should form 
a large proportion. The feeding value of hay 
may be estimated from the following analyses 

Analyses of Various Hay Crops 
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Chemical Constituents of Hay. Accor- 
ding to Warington — a good authority — a crop 
of meadow hay weighing tons contains 49 lb. 
of nitrogen, 56*9 Ih. of [)otash, 112 lb. of lime, and 
12*3 lb. of phosphoric acid ; while a two-ton 
crop of red clover hay contains 98 Ih. of nitrogen, 
83*4 lb. of i)ota.sh, 90 ll). of lime and 24*9 lb. of 
phosphoric acid. I'hus the hay crop removes 
from the soil as much ' nitrogen and a 
great deal more potash than a crop of either 
wheat, barky, or oats, and a erojj of clover 
removes nearly twice as much nitrogen, more 
than twice as much potash, and slightly more 
phosphoric acid than cither of these cereal 
crop.s. Tho same clionust points out that 
a crop of meadow gniss wTighing live tons and 
capable of producing U- tons of hay contains 
2613 lb. of combustible material — carbon, 
hydrogen, nitrogen (49 lb.), oxygon, and sulphur 
— and 200 lb. of mineral mattcT (ash), chiefly 
potash, lime, and silica, the balance being water. 
From these flguros wo can practically gauge the 
manurial value of hay as compared with other 
foods. Taking cotton cake as representing 
1000, clover hay is placed at 345, and meadow 
hay at 235. Thus, w'cight for weight, meadow 
hay of medium quality is practically equal to 
the cereals, and much superior to the cereal 
straws, and mature clover hay is superior to 
either, chiefly owing to its very considerable 
richness in nitrogen and potash. 

Cutting the Crop. In making dovor hay 
it is important to collect the crop oefore the 
leaves have become too brittle, inasmuch as 
they break up by handling, to the great loss of 
the farmer. It should bo a rule in cutting to 
mow no more than can be mastered should rain 
threaten. A crop had better be cut late than 
made in wet weather, when it is too easily 
destroyed. Hay under hand should be no larger 
in quantity than can be put into the cock at 
very short notice. In this form hay is praotioally 
safe from destruction, unless wet weather 
continues. On the return of the sun, the cocks 
should be moved or opened, not only that the hay 
itself, but the ground upon which it has stood, 




may be dried. In parts of the north of Britain it 
is common to cover the haycocks with a com- 
pressed paper cap or shield. In other parts, 
where wet weather prevails, the hay is made into 
small stacks weighing about half a ton. These 
stacks are skilfully loaded upon lorries when tit 
to carry, and removed bodily to the rick, on to the 
top of which they are elevated. 

Mowing. Hay was formerly cut by the 
scythe, but in these latter days it is almost 
universally mown by a machine which practically 
covers an acre in an hour. The scythe makt^s 
cleaner work and dajiiages the hay less, but 
mowers are now seldom to be found, and oven 
W'here they are necessary the wages they require 
are i!\uch too largo to permit of the practice 
being coiitinm'd. Where a crop of grass is light, 
and the weather line, it is often dried in a few 
hours, drawn into windrows with a fmse-rake, 
and carted to the rick without any hand or 
mac!)inc work whatever. A good crop, however, 
after lying in the swathe sufiiciently long for the 
upper surface to be partially dried, is turned over 
by men armed with forks, or by the modern 
im[>lement known as the swaihe4urner. In due 
course the partially made hay is then shaken 
out by the men or by hay tedders, drawn by 
one horse and driven by a boy. 

Raking into Windrows. It is subse- 
quently raked into windrows, and when, in the 
judgment of the farmer, it is fit for the rick, 
the carts are loaded, it is drawn to the sta(;k-side, 
and either lifted by hand, by a needle, or a pair 
of gri]jping irons tixed on a pulley, or by the 
commonly used elevators. Hay m the windrow, 
or oven before windrows have" been made, if it 
is fit, is by many advanced or progressive farmers 
dragged to the rick by an American sweep drawn 
by a pair of horses, so that hauling either by cart 
or waggon is unnecessary. In some cases, too, 
an implement which is attaclied to a waggon is 
employed to take up hay as it passes along the 
windrows, but the former plan may be regarded 
as the better. 

Loading. Under * ordinary circumstances, 
the hay is loaded into carts or waggons by 
men known as ])itchers, one on eittier side, 
two loaders being employed on a waggon and 
one on a cart. In this case each vehicle is 
followed by rakers drawing a hand-drag, and sub- 
sequently by lh(5 horse-rakc, by the aid of which 
the field is thoroughly cleared. In all these ma tters 
judgment is required, not only to prevent partial 
destruction of the crop, but to ensure quality. 

Stacking. A stack of hay varies in 
weight per cubic foot in proportion to its 
ago, its composition, how far it has heated, and 
in accordance with the part from which it is 
cut. Thus, in the centre of a rick, hay w^eighs 
much more than at the top or the outsides. When 
it is well heated, fermented, orsw'eated, from eight 
to ten cubic yards will w'eigh a ton, more being 
required in new hay than in old, or in loose hay 
than in that which has well settled down. Thus, 
experience is required both in selling and bujdng; 
it is consequently wiser for the inexjusriencod 
to sell by the ton rather than by the stack. 
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Hay Barns. Instead of being built in 
stacks or ricks, hay is sometimes built in hay 
barns. These are usually construcU'd of iron 
standards supporting corrugated galvanised iron 
roofs. Sometimes, however, the structures are 
of wood with boarded roofs, each board being 
slightly grooved near each edge and placed from 
i to A in, from its neighbour. If hay barns are 
costly, lh(y are of great economical value, for 
the hay is out of danger immediately it is under 
cover, w hich is not the case where the stacks are 
built in the open— in spite of using w^aterproof 
sheets — until the thatch has been laid on. 

Thatching. It is wise to prepare the thatch 
before tlu? liaymaking season begins. Thntching 
straw should be long and strong, and the jiroduco 
of the wheat crop. As the straw is requirt‘d, it 
is placed in loose lu^aps and \v(‘ll wash'd. It is 
next drawn in yelins, or small bundles, whic.h 
are carried by the assistant to the tliat(!her, and 
laid on one by one, the work beginning at the 
eaves and finishing at the ridge*. In some districts 
split hazel rods are employed for kt^i'ping the 
thatch in position. These rods are pointed at 
each end, tw'isted and be'iit in the centre, and 
grip tlui straw as they arc tlirust into the liay on 
the roof, like a hairpin. In other eases, the 
stakes are sim|>ly media on which the thatching 
twine is bourn! to keep the thatch in its place. 

Thatching is an operation which needs con- 
sid(5rablo practice and skill, good workmen being 
extremely scarce. It is obvious that befoni 
thatcliing begins the rick should hav(; settled, 
and that the roof should be wvll raked, even, 
and solid, for where there arc de])ressions, or 
settlements, after thatching is completed, rain- 
water finds its way into the hay. It is specially 
important that the ends of the roof should be 
thatched extra light, and well finished, or wand 
may remove tlio thatch and exposii the hay to 
damage. Thatch sI)ou Id be a foot thick, in wdiich 
case the wheat straw re(iuired will bo nearly 
5 cwt. per square of 100 ft. 

Cost of Cutting and Binding. The 

cost of cutting and binding hay for market 
varies from 3s. to 4s. per load, averaging in 
round numbers Id. a truss, the sum usually ])aid 
for the rough hay left on the farm. (Jlover hay 
is frequently bound with straw bands; this 
improves it appearance, and is more economical. 
Hay grow'crs adjacent to large cities usually 
load their carts over night, the men leaving home 
in time to reach the market early on the follow ing 
morning. In the various hay markets hay is 
sold on behalf of the owner by salesmen, wdio are 
paid by commission. They should be instructed 
to sell all consignments in the market, and 
nfever to send them direct to customers. 

Board of Agriculture. During the hay- 
making season some assistance may be obtained 
by subscribing for daily telegrams forecasting 
the weather, and ^supplied at a small charge by 
the Board of Agriculture. But in the present 
stato of our knowledge it is not wise to place 
too imi)licit a faith in forecasts. 

JAMES LONG 
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Mixtures and Compounds. Atoms and Molecules. Atomic 
and Molecular Weight. Fixed and Multiple Proportions. 

WHAT WE KNOW OF THE ATOM 


T O understand the real nieaning of the table 
on }). 842, wo must consider at length 
the atomic theory, wduoh may bo described as 
the logical basis of modern chemistry. The 
atomic theory regards matter as being built 
uj) of minute particles, which are called 
atoms, a name which literally means “ uneut 
or indivisible ; and it assumes that the 
difference between one element and another 
— the difl'erenee, say, bctw'een gold and 
oxygen — is due to a difference in the nature 
of the atoms in each ease. 

Further, we assume that every atom of 
gold is exactly the same as all other atoms of 
gold, every atom of earbon (‘xaetly the saints as 
all other atoms of earbon, and that this holds 
true whether the carbon be situated in the sun 
or in the human body, or in a comet or any- 
where else. An element or (‘liuiauitary substance 
is one which consists of an indefinite numbea* of 
atoms of the same kind. A compound consists 
of atoms of at least two kinds. 

Are we to say, then, that a compound is 
simply a mixture ? This is very far from being 
the case. Let us take familiar instances, air and 
W'ater. The air is a. mixture of gases — that is to 
say, a mixture of gaseous elements. These 
elements retain their own characteristic ])ro- 
perties. The atoms of any one of these elements 
may go about in each otliei’s company, but not 
in the company of the atoms of any other 
element of the mixture. 

Atomic Companionships. Now, the 
essential character of a compound is that 
the atoms of one element go about in the 
company of the atoms of one or more other 
elements. Among the elements in the air, for 
instance, are oxygen and nitrogen. These are 
mixed, but not combined. But the substniico 
we call W'ater also consists of two gases— oxygen 
and hydrogen — yet it displays none of the 
properties that wo attribute to either of these 
elements, nor does it display a sort of average 
or blend bctw'een them. It is totally different. 

Tnd(*ed, this case furnishes us with a par- 
ticularly good instance of the difference between 
a compound and a mixture. It is quite an easy 
thing to measure out a certain quantity of 
hydrogen and a certain quantity of oxygen, and 
to mix them together in a tube. 

Compounds and Mixtures. The result 
is simply a mixture of two transparent gases. 
It is not in the least like water, has none of the 
properties of w'ater, and, in short, is not water ; 
yet water consists of those two elements in 
exactly the same proportions as those in which 
they are present in the tube in question. This 
can be readily proved by simply passing an 
electric spark through the tube. The result is 


that the gases disappear, and there is found 
in their place a drop or two of water. This drop of 
water consists of the very gases that were present 
in the mixture, and can, if necessary, be decom- 
posed, with the reproduction of the mixture as 
f)efor(‘. What, then, constitutes the essential 
differencti — a difference which, in point of fact, 
is very great — between a mixture of oxygen and 
hydrogen on the one hand and a compound of 
oxygen and hydrogen on the other hand ? 

Molecules. Tn order to answer this 
question, we must consider a new conception 
Avhieli is r(‘})res(‘nt(‘d by the word molecule 
literally, a, little mass. This word used often 
to he employed when atoms were meant-, but we 
must sharply distinguish between the modern 
uses of these two terms. 

Let ns take, for instance, the gas hydr(>g(*n, 
which w'C believe to be composed of a number 
of atoms, all (‘xa(;tly similar. We liiid reason 
to believe that these atoms do not go about 
singly, but that they pair with one another, 
and each pair of hydrogen atoms constitutes a 
little syst(‘m of its own, which we now call a 
molecule. In th(‘ ease of the mixture of hydrogen 
and oxygen, we should lind, if our eyes were 
keen enough, simply a (collection of molecules, 
consisting either of two hydrogen atoms linked 
together, or of two oxygen atoms linked together. 
But if we made a similar inspection of the water 
which is formed when a s[)ark is passed through 
this mixture, wo should find the ess(mtial 
difference between a mixture and a comjjoiind. 
The mixture w^'is simply a mixture of molecules 
of hydrog(‘n and moleeuk*s of oxygen — each 
nioleeiile, as we have said, consisting of two 
similar atoms ; but in the compound, just 
because it is a compound and not a mixture, 
there is no such mixture of molecules. 

The Molecule of Water. All the mole- 
cules of a compound are of the same kind, 
just as all the molecules of an element are of 
the Fame kind ; but whereas the molecules of 
an element are composed of similar atoms, the 
molecules of a compound are formed of dis- 
.‘^imilar atoms. Wh(Tcas the mixture of hydro- 
g(ai and oxygen consisted of a number of 
molecules containing two atoms of hydrogen 
and a number of molecules contsrtfting two 
atoms of oxygen, the compound called water 
formed from that mixtun^ contains only one 
kind of molecule, compounded of atoms of 
oxygen and atoms of hydrogen, while no 
molecules consisting only of hydrogen atoms 
or only of oxygen atoms would be found in it. 

Now these facts may be very simply expressed 
by the judicious use of the symbols which we 
have noted in our table of the elements. We 
may say that the mixture consisted of a number 
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of H.j molecules and a nuiiiber of 0^ molecules 
—the two standing for the number of atoms in 
each molecule ; but in the compound there are 
no Ho or Oo molecules. The molecules arc all of 
one kind, and each consists of two atoms of 
hydrogen and one atom of oxygen. Wc express 
this construction of the molecule of water by 
the formula HoO. That is the formula of 
water, and it expresses the fact that each 
molecule of water consists of two atoms of 
hydrogen and one atom of oxygen. Perhaps 
the formula would be more intelligible if it was 
written HoO^, but the | is never printed. Tt is 
understood that when the symbol of an element 
occurs without any figure afttT it, on*> atom of 
that element is indicated. 

An Unstable Compound. The reader 
will very probably ask why.it is that one atom 
of oxygen should combine with two of liydrogeii. 
Why not one with one, or two with two ? That 
(|uestion raises many important couskU^rations, 
Avhich will be discussed later ; but we may here 
point out in passing that the combination of 
two atoms of oxygen with two atoms of hydro- 
gen is known, and yields a compound called 
IVroxidc^ of Hydrogen. This was disco v(‘red by 
'1 Ikuiard in the year 1818, and this chemist 
considered it to bi‘ oxidisial water, as when it is 
heated it freely decomposes into oxygen and 
w’ater. As a matt(*r of fact, it is a very unstal)le 
compound, as it contains, so to S})cak, one 
atom of oxygen in each molecule more than is 
comfortable, and hciu'e it is very apt to lose 
this superfluous oxygen, which, when it goes, 
leaves HoO. or water, bohifid. This i>roperty 
of giving off oxygen endows peroxide of hydrogen 
with useful properties. It bleaches many vcgt‘- 
table colours, and is also used in solution for 
restoring oil-paint ings. 

Among oth(T purposes, it is often applied 
to the hair for the j)ur])os(^ of lightening its 
(iolour. Tt produces a characteristic yellow 
colour — “ peroxide hair ” — which is duo to the 
fact that the oxygen given off from the TIoO.j 
enters into combination with the dark pigment 
of the hair, and produces one of lighter colour. 

Atoms in Pairs. Let ns return now to 
the consideration of the molecules of an element 
—molecules consisting of similar atoms, as 
distinguished from the molecules of a compound, 
which consist of dissimilar atoms. There arc 
some elements the atoms of which go about 
singly. Mercury and zinc are examj)les. In 
the great majority of elements the atoms go 
fibout in pairs. We have seen that this is so 
in the case of oxygen and hydrogen. But the 
precise number of atoms in the inoleculas of 
elements varies with circumstances. Let us 
consider, for instance, tlie iieroxide of hydrogen, 
H^Oo, of which we have spoken. We have 
fc'aid that it owes its use in bleaching hair to the 
fact that it gives off oxygen, which combines 
with and alters the hair pigment ; but the reader 
will object that the hair is always in contact 
with the oxygen of the air. Why does not that 
bleach the pigment ? A very satisfactory 
answer to this question can be obtained. 


J.K*t US consider the case* of the atoms of 
oxygen in the air. Each of them is in com- 
bination w’itli one of its fellows, thus forming a 
molecule of oxygen, and is, so to speak, satisfied, 
it has no desire to seek other partntTships 
(of cours(‘, the reader will understand that we are 
using symbolical ways of talking ; these desires 
and satisfactions arc now being ex[>lained in 
terms of electrical forces). The atoms of oxygen 
forming the molecules that surround the hair 
do not attack the hair pigm(*nt, because they 
arc satisfied with each other. 

The Release of an Element. But let 
us imagine that wo can watch w hat happens to a. 
mol(‘cule of peroxide* of hydrogi'ii, As we* 

have seen, this molecule eoutains one atom of 
oxygen too many for comfort or, to use a less 
symbolical term, too many for stahiUij/ and the 
(‘xtra atom of oxygen constantly tends to escape 
fiom the mol(‘eule, leaving hehind a molecule of 
water— a molecule so stable that men studied 
chemistry for centuries before th<‘y fliscov(‘n‘d 
that it could he broken iq), and tluat wat(‘r is 
not an clement. 

We see clearly, now. it is one atom of oxygen 
that leaves the molecule of H.^0., but it is the 
peeuliarity of an atom of oxygen, like nearly all 
atoms, that it must have a partner. As a rule, 
we may imagine the atoms of oxygen that 
leave two adjacent molecules of peroxi(I(5 of 
hydrogen to unite with each f)tht*r, and thus 
form a nioleeule of oxygen, O.j ; hut if, just at 
the moment of their (‘seapo, there are any other 
substances present with whose atoms the atoms 
of oxyg(‘n can eojnbinc, instead of merely 
combining with each other, they an* apt to 
combine witli these other substances, and this is 
why the peroxide of hydrogen (an bl(‘aeh the 
hair by giving oxygen to it, while tlu^ oxyg(*n 
of the air is (piite unable to do so. 

When th(i atoms of any element are caught, 
so to sjjcuik, in the act of combining witli each 
otlu*r— that is to say, in the act of seeking 
companions — the element is said to he in the 
Tia'iceni state, which literally means the stale of 
being horn. (Tin* term is not really a good one, 
for we now attach a very real and different 
meaning to tlio birth of an element - as the birth 
of helium from radium.) It is when nascent that 
the chemical properties of the element are most 
strikingly manifest. In the language of chem- 
istry, then, we say that peroxide of hydrogc'ii, 
bleaches the hair in virtue of the fact 
that it liberates ncutcent oxytjeti ; and the reader 
now understands why nascent oxygen should bt* 
more chemically active than ox3’g(*n that is not 
nasc(‘nt — that is to say, than oxyg(*n the atoms 
of which have already settled down to a hum- 
drum existence in stable pairs. 

The Properties of Ozone. We have 
seen, then, thtat the atoms of oxygen may 
sometimes be caught aingle. The formula for 
oxygen at such a moment w'ould be 0 (the ^ 
being understood) ; and we have s(*en that, as 
a rule, the atoms go about in pairs, indicated 
by the formula ().. But we further discover 
that, und(‘r certain conditions, the atoms go 
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about in trios, in which case the formula of the 
ox3’gen must be 0.;, indicating that each 
molecule consists of three atoms. A special 
name has been given to this modification of 
oxygen, which is called ozone. 

Now, just as peroxide of hydrogen, is 

an unstable substance, always eager to get rid 
of its superfluous oxygen and relapse into the 
more familiar substance water, so, similarly, 
ozone, () , is an unstable substance, always 
anxious to get rid of its superfluous atom of 
oxygen, and settle down into the commoner 
kind of oxygon 0.». Whenever there is any 
opportunity for getting rid of the superfluous 
atom of oxygen to anything that will have it, 
the ozone seizes the chance. Indeed, two mole- 
cules of ozone left by themselves will very soon 
turn into three molecules of ordinary oxygen. 

A Chemical Equation. Such a change 
may be expressed in tlie first chemical equation 
to which we shall introduce the reader : 

‘2 0., - 30, 

This simply expresses the idea tliat two atoms 
liberated from two adjacent molecules of ozone 
have united witli each other to form a third 
atom of oxygen, which is added to the two 
atoms of oxygen which were left bj^ their 
departure. The equation is a true equation, as 
the reader will see when he applies the test of 
ascertaining whether all the atoms named on 
the one side of the equation, and no more, are 
accounted for on the other side of the equation, 
ft is a true equation, because it represents six 
atoms on each side. Of course, the reader will 
understand that we have been talking in very 
nu'laphorical language, since no one can 
possibly see, or experiment with, two molecules 
of ozone or any other substance ; but there is 
no doubt that our meta])h()r corresponds with 
the actual fact. 

N(jw, we do not know of any form of oxygen 
in wdiich the molecules consist of more than 
three atoms ; but there are certain substances 
wliich possess four atoms to the molecule. Of 
these, phosphorus and arsenic are examples. 
Thus the formula for phos2)horus must not be 
wTitten P or P,, but P4. When wo come to 
examine the behaviour of atoms of sulphur, we 
find that, at certain temperatures, they go about 
in pairs, and the formula for sulphur at such 
temperatures must be S, ; but at other tempera- 
tures they seem to go about in sixes, and the 
formula for sulphur at these temperatures 
must be S^. We can now readily understand 
the relation of what is called molecular weight 
to atomic weight. 

Molecular and Atomic Weight. The 

molecular weight of any body containing, 
say, four atoms to the molecule will plainly be 
four times the atomic weight ; but, surely, 
before discussing molecular weight, we must 
understand what we really mean by atomic 
weight. 

Perhaps the most fundamental character of^ 
matter is its mass. [See Physics.] We have 
seen, ,of course, that we have no absolute 
measurement for mass, but con merely estimate 


the mass of one substance as compared with 
that of another. We have already seen that 
the mass of the hydrogen atom, being the 
lightest known, used to be taken as the standard 
of measurement, but that now there is a tendency 
to prefer oxygen as the standard, and to repre- 
sent the weight of the oxygen atom as 16. 
Plainly, in such case, the molecular weight of 
oxygen must be 32 ; the molecular weight of 
ozone must be 48 ; tlie molecular weight of 
hydrogen must be 2 ; and the molecular weight 
of water, H^O, must be 18—1+1 +10, 

The Law of Fixed Proportions. What, 
then, are the chemical facts that may be 
explained on this atomic theory, which asserts 
that matter consists of atoms of different 
kinds, the atoms of each element being of a 
constant and definite weight— weight being the 
means by wliich wc express the amount of 
matter in, or the mass of, the atom which we 
weigh ? The first law which may bo explained 
on the atomic theory, and on no other which 
has been suggested, is the law of fixity of 
proportions, or fixed proportions. 

This law asserts that every chemical compound 
— assuming, of course, that it is pure — always 
possesses the same constitution — that is to say, 
is always composed of the same fixed pro- 
portions of the elements that go to compose it. 
iiCt us take, for instance, the case of the simple 
compound cjilled water. From whatever source 
we obtain a specimen of water, and under 
whatever conditions we examine it, it is in- 
variably found that, when the water is decom- 
posed, eight-ninths of its weight composed 
of oxygen and one-ninth of hydrogen. What 
is true of water is true of every other compound. 
If the compound is what it prof(‘Sses to be, it is 
invariably found to contain absolutely fixed 
proportions by weight of the different elements 
that go to compose it. 

An Experimental Fact. Observe hero 
the difference between a mixture and a com- 
pound. Oxygen and hydrogen may be mixed 
in any proportion ; but in the compound of 
them called water the proportion is absolutely 
constant — one-ninth liydrogen, eight-ninths 
ox^^gen. 

Now, this experimental fact as to the fixed 
proportions (by weight) of the elements in 
water tallies precisely with the facts we have 
observed as to the relative weight of oxygvon and 
hydrogen, for vre found that oxygen is approxi- 
mately sixteen times as heavy sm hydrogen ; 
and, on the atomic theory, we asserted that 
water consists of a number of molecules, each 
of which contains two atoms of hydrogen and 
one of oxygen. If that theory were true, eveiy 
molecule of water would consist of hydrogen to 
the extent of one-ninth part of its weight, 
whilst oxygen would supply the other eight - 
ninths, since the one atom of oxygon weighs 
sixteen and the two atoms of h^'drogen taken 
together weigh two. If, then, water is madLe up 
of a number of such molecules, any quantity of 
water that we examine at any time should 
similarly prove to consist of one-ninth of 
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hydrogen and eight-ninths of oxygen by weight; 
and that is what is found. 

The Law of Multiple Proportions. 

The second law which is explained by John 
Dalton’s theory, and by no other that has boon 
suggested, is the law of multiple proportions. 
This may be simply illustrated by taking two 
familiar substances, such as nitrogen and 
oxygen. There are live known compounds 
of nitrogen and oxygen. When wo come to 
weigh the proportions of nitrogen and oxygen 
in these live compounds, we find that they may 
be arranged in a series of a very significant 
character. If we represent the weight of 
nitrogen on the top line and the weight of 
oxygen on the bottom line, we find that the 
ratios in the five compounds are as follows: 

14 14 14 14 14 

“8 16 24 32 40 

Now, 14 is the atomic weight of nitrogen, and 
16 is the atomic Aveight of oxygen. Thus, on 
the atomic theory, we can very readily explain 
the fact that there are five compounds of 
oxygen and nitrogen in which the w'eights of 
the tw’o constituents arc arranged in multiple 
proportion, 8, 16, 24, and so on. We can 
explain the first compound, in which wo found 
the ratio of nitrogen to oxygen as 14 to 8, on 
the atomic theory, by asserting that this com- 
pound consists of the union of tw^o atoms of 
nitrogen to one of oxygen. This is obvious, if 
for 14 to 8 we read 28 to 16, a ratio which 
suggests the composition wo have stated. The 
formula of this substance is NoO. It is known 
as laughing-gas, and whenever we analyse 
laughing-gas we find that it consists of nitrogen 
and oxygen in the proportions by weight of 28 
and 16. The next compound of oxygen and 
nitrogen, in which the weights of the two 
elements arc in the ratio of 14 to 16, must 
plainly consist of molecules which have one 
atom each of oxygen and nitrogen. Its formula 
is N 0. Similarly, the next compound and the 
two next show’ a simple increase in the ratio of 
oxygen to nitrogen. 

Five Kinds of Molecules. We have 
to conclude that two atoms of nitrogen 
unite respectively Avith one, tAvo, three, four 
and five atoms of oxygen, and form these 
five different kinds of molecules, whose com- 
positions illustrate the law of multiple pro- 
portions, and can be explained only by the 
atomic theory. The five formulae are as 
follows; NaO, NoOo, N0O3, N2O5— 

and these formulae illustrate the relations of 
the substances ; but it is more accurate to 
Avrite N 0 and N 0.. instead of NoO^ aind 
N2O4, since it is probable that the simpler 
formulae represent the actual way in which the 
atoms go about ; though the double formulae, 
when inserted in their place in the series, make 
more obvious the nature of the relation between 
the five compounds. If the reader will turn 
back to the ratios etc., which we gave in 
starting^ he will see how perfectly they are 
explaii^ oh the atomic theory. II that theory 


is rejected, these ratios, and numberless others 
that might be cited in illustration of the law 
of multiple proportions, must bo denied their 
only and obvious meaning. 

The Law of Chemical Equivalents. 

Tlie third laAV which can be explained by the 
atomic theory is knoAA’n as the law of chemical 
equicnlents. This, also, can be easily illus- 
trated. Let ns take a given quantity of hydro- 
gen, say a gramme [for the meaning of this 
term, see Physics]. Noav, a gramme of 
hydrogen W’ill unite exactly with ei^it grammes 
of oxygen, forming nine grammes of Avater and 
leaving over no oxygon and no hydrogen. 
Similarly, we find that if w’o take one gramme 
of hydrogen and 35‘4 grammes of chlorine [refer 
to the table already printed, and note that this 
proportion is exactly the proportion of the 
atomic Aveigbts of hydrogen and oblorino], avc 
find that the tAvo will unite exactly, gi\’ing us 
36*4 grammes of a compound called bvdro- 
chloric or muriatic acid, with the formula H Cl. 

Illustrations of the Law. Now, 
the law of chemical equivalents states 
that chemical quantities which have equal 
pow’cr of forming chemical compounds are 
equal to one another. Thus, according to this 
law, eight grammes of oxygen are chemically 
equivalent to 35*4 grammi*s of chlorine, since 
each of ihe>se tAvo quantities unites exactly 
with one gramme of hydrogen. But Avhen avc 
say that eight grammes of oxygen arc chemically 
equivalent to 35*4 grammes of chlorine, wo are 
saying in other Avords, on the atomic theory, 
that (if wo double the tAVO quantities, the 
relation is seen at once) tw'O atoms of chlorine 
are chemically equivalent to one atom of 
oxygen, since tw’o atoms of chlorine will Avcigh 
70*8 and one atom of oxygen Aveighs 16. The 
ratio 70*8 to 16 is the same as the ratio of 35*4 
to 8. Now, it is found that two atoms of 
chlorine are indeed equivalent to one atom of 
oxygen, for two atoms of chlorine Avill unite 
with two atoms of hydrogen (forming two 
molecules of H Cl), and one atom of oxygen 
will also unite with two atoms of hydrogen 
(forming one molecule of water, HaO). 

We may take the atomic weights of any 
elements at random and use them as our guides 
in indicating the proportions of the elements 
that may be expected exactly to combine with 
each other in the formation of compounds ; 
and we find that the table of atomic weights is 
always a guide in such cases. Further con- 
firmation of the atomic theory will bo found 
in the subsequent chapter on the laws of 
chemistry. 

Molecular Weight. Let us no av return 
to the consideration of molecular AA’cights — 
that is to say, the w'eights of molecules — 
which must necessarily depend upon the 
weights of the different atoms which compose 
them. The subject of molecular weights 
is exceedingly important, for we have already 
seen that elementary substances composed 
of only one kind of atom may appear in 
very different formsf having very different 
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proy)erties, according to the number of the 
atoms that go to form each molecule. We saw 
this in the case of oxygen, O.j, and ozone, O 3 . 
The importance of the subject of molecular 
weights is not fully realised in many text-books. 

Quantitative Symbolism. Many writers 
use H and O as symbols of hydrogen and 
oxygen ; but this will not do. H and O arc 
simply short ways of writing the names of 
Hydrogen and Oxygen. The symbol for the 
substance we call oxygen is not 0 , but O.j. If 
we do not rc*cognisc this distinction, we are left 
with only one symbol, 0 , to describe the two 
very different substances, oxygen and ozone. 
Similarly, in the writing of equations, we must 
never shirk the extra trouble involved in using 
our formulae properly. For instance, the 
easiest way of writing an equation to represent 
the decomposition of peroxide of hydrogen, 
HoOo, would be 

H.,0. = H,0 + 0. 

But this is a very unsatisfactory way of writing 
the equation, unless we use it to express the 
fact already noted that for a moment the 
oxygen atoms are in a state of dissociation 
from each other, so that the oxygen is nascent, 
as chemists say. The actual result of decom- 
position of peroxide of hydrogen is the 
production of water and of ordinary oxygen — 
oxygen in which the oxygen atoms go about in 
pairs, and the formula of which is therefore 
O.J. Now, in order to express this properly, 
we must go. to the trouble of doubling all the 
*erms of the equation, and w'O imist write it thus: 

2 H.jO.j 2 H,() f O.J 
Similarly, the reader will find an illustration of 
the proper way of writing chemical equations 
if he turns back to the equation — the first we 
employed — that illustrates the decomposition 
of ozone into oxygen. It w^ould not do at all 
to have written O 5 - 3 (), because O stands for 
nothing. It is simply a short w'ay of writing 
the name Oxygen ; but the clement oxygen is 
composed of two-atomed molecules, and, there- 
fore, we have to write our equation os w’e did 
write it in order to show that the product of 
the decom])osition consists of a certain number 
of two-atomed molecules, which w^e represent 
by the formulae Oj. Having corrected this 
common error, and having undertaken never 
to sanction it, wo may now pass to the con- 
sideration of molecular weights. 

Actual Size of Molecules. The mole- 
cular weights to w'hich w^e have hitherto 
referred are, of course, purely relative, like the 
atomic weight-s ; hut we may first ask ourselves 
whether anything is known as to the absolute size 
and weight of molecules. This subject belongs 
rather, perhaps, to the domain of physics than 
to the domain of chemistry ; but, nevertheless, 
the chemical student must be interested to 
learn whether anything is known as to the 
actual size of these molecules to which he has 
to devote so much attention. A great deal of 
labour has been expended on this subject. 
Hitherto we have referred only to molecules 
containing a very few atoms, but there is an 
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Immense number of kinds of molecules that are 
relatively large and heavy, and contain hundreds 
of atoms. It is believed that the largest and 
most complex molecule known is that of 
hsDmoglohin, which is the red colouring matter 
of the blood. This molecule is supposed to 
contain more than a thousand atoms belonging 
to the elements carbon, oxygen, hydrogen, 
nitrogen, iron, and possibly phosphorus. 

The actual or absolute size of this enormous 
molecule has not been studied ; but Lord Kelvin’s 
calculations lead us to conclude that if a drop of 
water were magnified to the size of the earth, 
its molecules would be of a size ranging some- 
where between that of small shot and that of 
cricket balls. 

So much for the absolute size and weight of 
molecules. Wo must now consider a subject of 
much more importance to the chemist — which 
is their relative weight, and which he always 
means when he speaks of molecular weight. 

Weight of a Volume of Gas. Avogadro’s 
law, aftorvvard.s to bo discussed, states that 
equal volumes of all gases at the same tempera- 
ture and pressure contain the same number of 
molecules. This may bo otherwise expressed by 
saying that the molecules of all gases occupy 
preci.sely the same space, given that they are 
placed under the same temperature and pres- 
sure. From our discovery of this law we are 
enabled to devise a method of ascertaining the 
molecular weight of a substance. We take the 
substance in the form of a gas or vapour (if the 
substance is not naturally a gas, wo vaporise 
it or make into a gas for our purpose). 

Assuming the truth of Avogadro’s law, we 
see that a given volume of any gas, under given 
conditions of temperature and pressure, must 
differ from a similar volume of hydrogen under 
similar conditions precisely in so far as its 
molecules are heavier than those of hydrogen, 
for the law states that we are dealing with the 
same number of molecules in each case. If, 
then, the volume of the gas possesses a weight 
twice as heavy as the weight of a similar volume 
of hydrogen, the necessary inference is that 
each molecule of this gas weighs twice as much 
as a molecule of hydrogen. 

Thus we can ascertain the molecular weight 
of any substance that can be studied in the 
form of a vapour or gas ; but, unfortunately, a 
great many substances cannot be vaporised, 
and in their case other methods must be 
employed. These will not be dealt with at 
length here. The most importanit of them 
depends on the fact that, when a given quantity 
of any substance is dissolved in a liquid which 
simply dissolves it and does not affect it 
chemically, it lowers the freezing point of the 
liquid in exact proportion to its own molecular 
weight, which can thus be determined. A 
similar principle can be applied in various other 
"Ways, and by means of these freezing-point and 
boiling-point methods a great deal of informa* 
tion has recently been acquired concerning the 
molecular weights of a largo number of elements, 
especially the metals and their nearest allies. 

C. W. SALEEBY 
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The Growth of Rome in Power and Wealth 

and Her Decline In Public Virtue 

THE RISE OF THE C/ESARS 

'^HE circumstances of the expansion com- of the governing class whose grand public 
^ bined to lower the high moral stan- spirit had saved Rome in the great Cartha- 
dard of the Roman government which had ginian crisis. And the Italians who had 
prevailed down to the end of the Punic stood so loyally by the State in that crisis 
war. It was not only that the best of were now bitterly resenting the refusal of 
Rome’s sons had fallen in battle in the Rome to admit them to equal political 
prime of manhood, and that Italy was rights, while the Roman populace was, 
exhausted both in blood and treasure ; her for its part, fiercely jealous of any move- 
vitality had only been debased without ment in that direction, 
being destroyed. But the expansion in- Expansion needed a reconstruction ; 
troduced new temptations. An expert- Rome under its old constitution ccmld not 
ment without precedent had to be made in control a world empire. It was not yet 
governing foreign dependencies. Consuls evident, though it was soon to become so, 
and pnetors — the magistrates who stood that the solution would have to be fmmcl 
next to them in rank— had their term of in the concentration of power in the 
office extended on exjnry, but their func- hands of one individual who should be not 
tions were exercised not in Rome but as a tyrant ruling for his own advantage, but 
governors of the provinces. The pro- an incarnation of the State, and that the 
pnetor or pro-consul — tliese were the condition of such power was that the armies 
titles which they now bore— was, to all of the Stale should be under his direct 
intents and purposes, an absolute ruler control and leadership, 
during the term of his office, fhe troops -j-hg inevitable revolution was started bv 
u^re under his command. He and his Titerius Gracchus, a member of a sena- 
officials had almost unhimted opportunities family, whose motives u ere those of 

for seeking their own advantage at the philaiithrojiist rather than a statesman, 

e.xpcnse rif the provincials ; and for many Elected to the tribuneship, he set himself 
of them the temptation proved too strong, to remedy the agricultural grievance by 
The armies in the East learned new re-enacting the laws against the absorp- 
luxurious habits. The provincials them- tion of public lands, and restoring those 
selves were not treated like the allies in lands to their legitimate use. The wealthy 
Italy; they were not called uiion to supply classes found their prescriptive rights 
contingents for Roman armies, but they seriously endangered. Gracchus met their 
were taxed the more heavily in proiiortion. attack by unconstitutional procedure ; 
The Roman troops which had to be main- they took'the law into their own hands, an<l 
tained abroad could not long retain their fie was killed in a riot. His younger 
character of a citizen army called to take brother, Gaius, ten years afterwards took 
the field only in time of war ; a pro- up the task more as a statesman than a 
fessional army had become a necessity. philanthropist. He had realised the neces- 
The best of the properly Roman popu- sity for recognising the claims of the 
lation also had been drawn away from the Italians ; but he allowed himself to appeal 
city for a long time past to form military to the populace by such methods as promis- 
colonies, first in Italy and then in the ing them a supply of corn at a fi.xed rate 
provinces; so that the population of below the market value. He met with the 
Rome itself had degenerated, and yet same fate as his brother. The State bc- 
for all practical purposes it was that came divided between the demagogic and 
population alone which had any active the senatorial or oligarchical factions, 
voice in political affairs. The old griev- A war in Africa gave the popular party 
ance of the absorption of the public lands the upper hand through the military 
into a small number of great estates successes of the humbly born general 
worked by slave labour was more rampant Marius, although those achievements were 
than ever, while perhaps the worst feature largely due to his extremely aristocratic 
of the situation was the moral deterioration lieutenant, Sulla. Meanwliile, a new 
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enemy was threatening the Roman world. 
German tribes, the Cimbri and the Toutones, 
appeared on the scene for the first time, bursting 
into the province of Transalpine Gaul, where 
they overwhelmed the Roman armies. Marius 
was despatched against them, and put them 
utterly to rout in two great battles. For a time 
the deluge, which five hundred years later was 
to overwhelm the empire, was stayed. The 
victories of Marius, however, enabled him to 
reorganise the military system on lines which 
virtually set up a permanent standing army of 
professional soldiers ; and an era opened in 
whi(5h political ascendancy became the prize of 
the trusted general whose legions would follow 
him to battle even in open rebellion against the 
civil authorities. 

The Story of Sulla. Marius was no poli- 
tician, but he became the tool of the popular 
party. In the meanwhile, a storm was develop- 


The Rise of Pompey. Sulla instituted 
many reforms, but his constitution had in it no 
permanence. The state of affairs in Rome had 
called for his return when he had only scotched 
the danger in the East, not destroy^ it. His 
successor there, Lucullus, was an exceedingly 
able soldier but extremely unpopular. In 
Spain the command remained in the hands of 
Sertorius, who was of the popular party. On the 
death of Sulla the two most powerful men in 
Romo itself were the extremely wealthy Crassns 
and young Pompeius, “ Pompey the Great,” 
who had distinguished himself as the lieutenant 
of Sulla in the fight against Marius. 

Pompey was despatched to Spain to deal with 
Sertorius. Crassus was in Rome, playing for his 
own hand by financial methods. The brilliant 
orator Cicero, in his own estimation at least, 
was the loader of the senatorial party, the 
“ Optimates,” though his amiable ideals were 



CICERO DENOUNCING THE CONSPIRATOR OATILINB IN THE SENATE HOUSE AT ROME 


ing in the East. The kingdom of Pontus, on the 
Black Sea, had been developing mightily under 
its king Mithradates, who flung down the chal- 
lenge to the Roman Republic. There was a 
sharp contest between the two parties in Rome 
for the appointment of the commander in the 
East ; the victory fell, after much bloodshed, to 
Sulla, the aristocrat, who departed with his 
legions, leaving the demagogues dominant in 
Rome. They used their power to proscribe and 
put to death large numbers of the senatorial 
party. There was a revolutionary reign of 
terror— -until Sulla, having triumphantly beaten 
down Mithradates, returned with his legions to 
Italy, overthrew the demagogues after hard 
fighting, and crushed them by instituting a 
reign of terror on his own account. Then he set 
about reorganising the constitution on lines 
placing the whole power in the hands of the 
oligarchical At the height of his power, 

when he might have made himself permanently 
tyrant, h^ ohose to resign, and shortly afterwards 
died, the victim of his own excesses, 
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very far from coinciding with most of theirs, 
little as he appreciated the fact. A young aristo- 
crat, Julius Caesar, was pushing his way to the 
leadership of the popular party. 

A Powerful Trio. Such was the position 
when Pompey returned after the subjugation 
of Spain. But Pompey did not find the sena- 
torial party ready with so full an acknowledg- 
ment of his services as he expect^. Caesar 
offered his alliance, and brought Crassus into 
the combination. The command in the East was 
bestowed upon Pompey, with virtually unlimited 
powers. Pompey, having destroyed the swarms 
of pirates who dominated the whole eastern 
Mediterranean, proceeded to the subjugation of 
Asia as far as the Euphrates. 

Meanwhile the extremists of the popular 
party plotted a revolution, headed by the noto- 
rious Catiline. The conspiracy was disooveied 
and crushed, not without the employment of 
unconstitutional methods, more or less justified 
in the emergency, by Cicero. There were uot 
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wanting enemies who declared that both Csesar 
and Crassus were implicated, and efforts were 
made to have Cassar proscribed. 

Pompey, on his return with his legions and his 
laurels, might easily have made liiinself master 
of the State ; but when it came to defying the 
constitution he always drew back, although he 
always hankered to exercise a supreme power. 
In accordance with the law, he disbanded his 
forces on landing. 

Caesar’s Success. Csesar, on the other 
hand, had grasped the fact that the military 
supremacy of one man wius a necessity. He 
meant himself to lie the one man, but he could 


able to claim that he hod added the island to the 
fast-increasing possessions of Rome. 

Crossing the Rubicon. Cscsar’s suc- 
cesses alarmed Pompey. As pro-consul, his 
command over the military forces in Gaul, both 
Cisalpine and Transalpine, was absolute, but if 
ho led his troops outside his own province ho 
would bo committing an act of rebellion against 
the Republic. * Caosar saw that if ho came to Rome 
without the legions at his back his fall was 
certain. The boundary of bis province was the 
river Rubicon, in the north of Italy. He re- 
solved upon the great adventure, and “ crossed 
the Rubicon ** with his well-disciplined t^'oops. 
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only get the military supremacy by becoming 
the master of legions ; and ho could only become 
a master of legions as a provincial governor. 
As Pompey’s ally, he procured for himself the 
pro-consulship of Gaul for five years, after- 
wards extended to ten. Crassus was killed on 
an expedition against the Parthians. During 
those ten years Caesar proved his generalship by 
the subjugation of the whole of Gaul, which ho 
brought under the Roman dominion. Incident- 
ally he paid two visits to the island of Britain, 
where he made no attempt at a permanent con- 
quest, though by extracting something in the 
nature of a tribute from sundry chiefs he was 
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He was now in open rebellion, in Italy 
itself there were no legions; the armies were. iff 
the provinces ; Pompey withdrew to Greece to 
gather a force which should crush the enemy 
of the Republic. Oaosar made himself master of 
Rome and of the treasury. Before engaging in 
the decisive struggle with Pompey, ho flung 
himself upon Spain in order to crush in the bud 
any possibilities of a serious resistance to him 
arising from that quarter. Then he turned 
upon Pompey, whose groat army he routed 
utterly at the battle of Pharsalia. 

CsBsar Master of the World. Pompey, 
retreating to the East to raise fresh armies, with 
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CiBsar in hot pursuit, iiiatle his way to Egypt, to rocogiiiso tho giratiioss of iho man. Althougli 
but was assassinated as he was landing. Oiesar he publicly refused tho crown, tlio dominion 

had now to crush tho Asiatics who wore in arms of one man was traditionally abhorrent to 

under Phamaces, a son of Mithradates ; and Romans. Self-seeking politicians and fanatical 

thence he retunied to Italy, where his combined republicans, who dreamed an impossible dream 

vigour and leniency restored order. It was still of the restoration of an aristocratic republic, 

necessary for him to crush, at the battle of combined in a plot against the great man’s life. 

Thapsus, the Pompeians who had rallied in In spite of warnings his magnanimity scorned to 

Africa. He came back to Italy, but Spain rose take precautions for his own defence, and on th(‘ 

in revolt under Pomi)ey‘s son, Sextus. Again he Ides -that is, (he lolh- of March, 44 n.c., (>;vsar 

luid to take the field, and to crush the revolt at fell beneath the daggers of his assassins, among 
the battle of Miinda. whom the most notal)i(‘ wen* (’assins, J)eeimns 

tVsar had crossed tho Rubicon in 40 B.r. Brutus (the ablest soldier among them), ainl 

•Mimda was fought four years later, in to b.o. Marcus Brutus, CiBsar s famili>»r frii iid. Kacli 




VIRGIL, HORACE, AND VARRO. WITH MASCENAS, THE PATHOJi OF ROMAN LITERATURE 

111 the intervals of fighting during those four of these three loaders had been nominated to a 
years, Oa'Sar had procured at Romo his own provincial govt;rnorship. 

appointment as dictator for ten years ; he had Dreams that Failed. When CVesar h*!!, 
introduced various refornis, including incidentally the conspirators dr(*amed of a r(^|)ul)lic, of a 

that of tho calendar, establishing almost with government by a narrow' oligarchical faction, 

accuracy the exact solar year of 365 days, with an Xhe great orator Cicero dreamed of a broad 

extra day in every fourth year. He had re- combination between the aristocrats and the 

organised the system of provincial government, cultured middle-class. Neither drcain was pos- 

and had made himself tho authority in the ap- ^iblc of realisation, ^ilark Antony, one of 

pointment to all military commands. Ho was Cscsar’s trusted lioutcnanls, the boy Octavius, 

now planning a war in the Far East against tho gn'at-ncphcw and heir of Julius, and another 

expanding power of the Parthians beyond the of Caesar’s lieutenants, Lepidus, all had their 

Euphrates. He was in effect absolute master of own ambitions. They united lj a triumvirate, 

the whole Roman world. to establish their own rule, and to avenge 

The Penalty of Leniency. But he was to the murdered dictator. The legions who had 
pay the penalty for the leniency shown to political served and loved Coesar were ready to follow 
opponents, who were mot magnanimous enough them against the aristocratic party. 
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Marcus Brutus and Cassius departed to theur 
pro-consulates in the East to raise forces. l)e- 
cimus Brutus went to North Italy, but was 
killed. Octavius, Antony, and Lepidus, who 
now dominated Italy, having agreed upon an 
arrangement by which they were to be appointed 
commissioners for the reorganisation of the State, 
t he Senate could see no way out of the difficulty 
other than by sanctioning and ratifying this now 
and startling triumvirate. » 

Great Men’s Deaths. The usual effects 
of sudden changes in the rule of a State 
ensued — a proseri[)tion against all who had 
opposed the newly self- constituted authorities. 
The name of Cicero, who had been s[)ecially 
hostile to Antony, held an early place on the 
list of the proscribed. Cicero was then in his 
sixty-third year — the timii was wdthin some 
forty-three years of our Christian Era. Over- 
t aken by Antony’s troops as he fled from Rome, 
ho was executed on the spot. 

When the triumvirs were sated with ven- 
geance on their political adversaries and ])er.sonal 
enemies, Octavius and Antony passed into 
(irceco on their w'ay to meet the rival army of 
lirutus and Cassius, and completely defeated it 
at Philippi, 42 n.o. Cassius and Brutus, seeing 
all was lost, determined to die ; Cassius com- 
pelled his freedman to kill him, and Brutus 
killed himself with his own sword. 

The Fall of Antony. Octavius now’ settled 
down to consolidate his ])ower in Italy. Antony 
w'ent off to secure the East, and there met 
with Cleopatra, by whom ho became enslaved. 
But for that frantic enchantment, Antony 
might have crushed Octavius and made himself 
master of the world. But when the inevitable 
struggle between the rivals took i)lace, at the 
great sea- tight of Actium, Cleopatra had her 
galleys withdrawn from the front, and Antony 
followed her in her flight. The Egyptian fleet 
w’as wholly defeated, and when his cause seemed 
lost Antony committed suicide. 

Cleopatra tried the effect of her charms on 
Octavius, but found him made of much less 
impressionable stuff than Antony ; and, seeing 
no hope of gratifying her ambition, she pul 
herself to death. 

The First Augustus. Lepidus had long 
ceased to count, and Octavius stood alone at 
the head of the Roman w’orld. He knew that 
the salvation of Romo could only bo effected 
through an absolute monarchy veiled under 
republican forms. On his return to Rome he 
resigned the exceptional powers which had been 
entrusted to him. The Senate, however, at 
once decreed to him a new tenure of the dict- 
atorship for ten years, with the undciistanding 
that the term of office should bo renowned as 
often as might be deemed necessary in the 
interests of the countiy. Octavius accepted 
these conditions, and received from the Senate 
the title of Augustus. 

Princeps and Imperator. He was now 

Augustus Caesar, with precedence over all men 
in official position. Ho was also commander- 
in-chief of the army, and it waa decreed that 
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to him alone could belong tlio right of making 
treaties, of declaring war, and of offering or 
accepting terms of peace. He was emperor in 
everything but the name. These powers were 
conveyed to him without destroying constitu- 
tional forms, by extending to him, first for a 
term of years, and then for life, the tribunician 
powers in Romo and tho pro-consular powders in 
all the further provinces, as pro-consular powers 
had been extended to Pompoy and Julius Ca?sar. 
Also, ho was officially recognised not as king, 
but as “ Princeps ” — the “ flrst citizen.” Even 
the title of Imperator, our Em[)eror, attached 
to him as the official head of the armies. 

In effect the Princeps w^as endowed with 
permanent pro-consular authority in all th(^ 
frontier provinces of the empire, wffierein all 
the troops, exci‘i)t the select bodyguard, were 
stationed. All th(^ higher officers w’ero appointed 
by and responsible to him personally as his 
legates ; consequently he held complete control 
of the whole ctYective military force of the 
empire. Tlu^ “home” provinces remained in 
theory under the control of tlu‘ Senate. 

An Imperial Reformer. Augustus w'as, 
above all things, a practical reformer. Ho 
established a censns, alik(‘ of individuals and 
of property. He introduced a new’ ])rinciple of 
Hnance^ and taxation ; he based his taxing 
systejn mainly on tlu^ land and the personal 
possessions of the citizens, and he abolished a 
large number of une<(ual and capi’icious imposts 
which bore heavily on the poor. The linancial 
accounts of the Slate were kept with strict 
accuracy, and ho introduced the practice of 
framing w’hat would now’ be called an annual 
State Budget. Ho appointed the governors of 
all the State provinces, and ho personally 
arranged that the taxation of each i>rovinci5 
W’as fairly imposed, and ijroperly accounted for. 
He took an interest in tho affairs of the different 
municipalities, and ho established a police force 
to keep good order in the towns. He developed, 
as far as possible, that system of municipal 
government which began in the Roman states 
under the guidance of Julius Ctesar. 

The Age of Roman Culture. Augustus 
was a lover of literature. He was tho patron 
of poets, historians, and scholars, of painters 
and of sculptors. In his reign Virgil expressed 
tho great Roman ideals in tho noble epic the 
” .^neid ” ; Horace is famous as the author of 
lyrical and satirical poems unsurpas^d in any 
literature ; Ovid, Tibullus, Propefiius were 
notable poets ; Livy is one of the most pic- 
turesque, fascinating, and philosophical his- 
torians of any era. Tho literary glories of the 
reign have caused the term “ Augustan Age ” 
to be applied to other eras when classicalism 
has flourished, such as the ago of Louis XIV. in 
Franco and of Queen Anno in England. A 
tvhole society of wits and humorists, makers of 
verses, and writers of essays flourished under 
the influence and patronage of tho Court, and 
Rome seemed like another Athens — Athens in 
its best days. Msecenas, friend of Augustus and 
patron of art and literature, lived in this period. 



Aiigustiifi wisbod to preserve the Rhine, tlio 
Danube, and the Euphrates as the frontiers of 
the empire. (Jorman tribes were pressing on 
the Rhino and Danube, and a great disaster 
befell the Imperial troops when they pushed 
over the Rhine. A Roman for(!(^ led by a goncnal 
mimed Varus was skilfully drawn into an 
ambush by the enemy and cut to pieces, Varus 
himself being among the first to meet with death. 

Man’s New Exalted Faith and Hope. 
Some years earlier an event had occurred in 
a distant provincM^ of Rome which brought on 
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was enacted, indeed, under the authority of 
the Imperial Government, but that Imperial 
Government and the Roman people took little 
interest in the rise of the Christian movement 
and in the steps taken by the authorities in 
Palos! ine to resist its influence. 

A Reign of Peace and Success. 
Augustus died at the closo of August in a.d. 14, at 
th(^ ago of seventy-six. He had ruled over Rome 
for more tlian forty years, and his reign was the 
hapjiiest and the most pros{)eroii3 that Romo 
had known or was to know for man\’^ goncratious. 


i 
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the world. the greatest change it has over known Ho had married three times, but left no sou to 

in its history. That event was the birth of succeed him. His first wife loft him a daughter, 

Christ and the founding of the Christian religion. Julia, who, after the death of her first husband. 

It is no part of our task to attempt in this married Marcus Agrippa, who died in a.d. 12. 

course a detailed record of the events which Augustus adopted two of her sons by this mar- 

aro fold in sacred volumes, are represented in riage, the elder to be his successor to the throne, 

the creed of Christianity, and have opened a Both these sons died in their youth, a;nd the 

new hope and faith for civilisation. Our purpose obvious heir to the principate was Tiberius, the 

is to tell the story of the Roman Empire. Thc^ stepson of Augustus, to whom more than to 

tragedy which 'was enacted in Jerusalem towards any other man had been due the successful pre- 

Ihc end of the ivign of the successor of Augustus sorvation of the Rhine aiirl Danube frontiers. 
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History and Scope of Ordnance Survey Maps. 
Land Measurements in Great Britain and Abroad. 


THE ORDNANCE SURVEY 


History. The Ordnance survey is a tri* 
^?onomctrical survey of th(^ United Kingdom, 
and is performed by oltieers and men of the 
Koyal Kngineers. 

Apart from all seientitie and other considera- 
tions, it must be admitted that this survey of 
the United Kingdom has, so far as the public 
is concerned, more than fulfilled the object it 
was intended to accomplish. Tt is. in fact, the 
only reliable survey of the country that is 
published and available for reference. 

The preparation by the Government of a 
general map for any portion of the country was 
first proposed after the rebellion of 1745, when 
the want of a reliable map of the northern parts 
of Scotland was much felt by Army otticers. 
This was the first State survey of any ixirtion 
of the King's dominions that was ordered for 
military purposes, '^(’his extensive work was 
entrusted to Lieutenant-General Watson, the 
Deputy Quartermaster of Great Britain, who, 
with the aid of Major-G(meral Roy, was engaged 
for 10 years in executing the work. The map 
was drawn to a scale of 1 ’/ in. to the mile, but 
it was never published. 4Venty-nine years 
elapsed before any otlu'i- portion of the country 
was surveyed by the Stat^?, and then tlie work 
was undertaken for seitmtific, rather than for 
military, purposes. It was >\ith the object of 
calculating the difference of longitude between 
the observatories of Jx)ndon and Paris that, 
in 1784, General Roy measured a base-line on 
Hounslow Healli, which started a series of 
triangles extending to Dover. 

Origin of the Present Ordnance 
Map. A few years later the Government 
decided upon having a general survey of the 
United Kingdom prepared for military pur- 
poses. Tills was the origin of the present 1-in. 
Ordnance map, and the triangulation carried out 
by General Roy in the south-eastern counties 
become the basis of th^ general Iriangulation. 
As the survey was extended westwards it was 
eonsiden'd advisable to measure another b.aso- 
line. 1’his uas done on Salisbury Plain, and 
for purposes of veriJioation other lines were 
measured, at Misterton (•arr, in ISO I, and 
Rhuddlan Marsh, in Flintshire, in 1800. The 
first sheet of this survey was published in 1801. 
About this period the public utility of State 
charts for purposes other than those of a 
military character began to be recognised. The 
public demand for better maps than were then 
available became so great that surveyors were 
engaged for the purpose of pressing forward the 
Completion of the 1 in. survey that was then 
in hand. 

The principal triangulation in Scotland was 


undertakon in 1800. But little progress had 
been made when tlie officials and surveyors were 
withdrawn to ennble them to carry forward the 
detail maps of Kngland. Going north again in 
181.3, the work was pushed steadily forward for 
six or seven years. In the three follou ing years 
the Scottish survey, although not altogether 
sus|)ended, made but little headway. 

The survey of Ireland was required for politioHl 
and admini.strative purposes, and the Govern- 
ment decided that the map should be prepared 
to the scale of 6 in. to the mile, and the chief 
strength of the surveying corps wa.s transfernxl 
to Ireland for this purpose. 'Die map was com- 
pleterl in 1845. 

The value of this (i-in. map liaving been 
proved, a survey for a similar map wa.s com- 
menced in the northern counties of England in 
1840, and in the following year secondaiy 
operations for a map of Scotland, also on a 
larger scale, were begun, but in 1851 a committet* 
of the House of Commons reeoniinended that 
the O-in. maps be stopped and the 1-in. maps 
completed in detail. 

Triangulation of the United King- 
dom. The primary triangulation of tlie United 
Kingdom was Hnally (completed in 18,52. It 
comprises in all 250 trigonometrical stations, 
and a map .sli owing all these linp.s, Avliieh is very 
seldom seen, presents the appearance of a huge 
spider's web, w ith its centre laid on Salusbiuy 
Plain. The average length of the sides of t}i(‘ 
triangle.^ is ,35‘4 miles, and the longe'^l measures 
111 miles. The accuracy, or otherwise, with 
which (he triangulation was carried out was at 
one time tested, with extremely satisfactory 
results. The length of the base-line measured 
in Ireland on the border of Ixiugh Foyle was 
calculated through a series of triangles from the 
base on Salisbury Plain, and the length so 
found differed from the calculated length by only 
four and a half inches. The distance apart 
of these two ba.se8 is about 3()0 mile.s, and 
their length about 41,014 ft. and .30,578 ft. 
respectively. 

From the opinion of a large numlxir of tlu‘ 
most eminent scientific and practical i«^n it was 
found that the great preponderance of opinion 
was in favour of a scale of ijsoftth, or nearly 
J in. to the acre. This scale was therefore 
ordered in May, 1855. 

The charge of the Ordnance survey was 
tran.sferred to the Board of Agriculture on its 
formation in 1890. 

Maps and their Uses. The standard 
maps published by the Ordnance Survey 
Department, and obtainable from Edw-ard 
Stanford, of 12, 13, and 14, Long Acre, W.C., 
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the sole London agent, and from the Ordnance 
Survey Office, Southampton, arc those described 
in detail below. 

General Map. (One inch to the statute 
mile. ) This Survey of Great Britain and Ireland, 
reduced from the 6-inch maps, is well adapted 
For all ordinary purposes, such as walking or 
flriving, and admirable residential maps can be 
made uj) for 10, 15, or 20 miles round any centre, 
suitable either for hanging in the ball/ billiard- 
room, or study. The whole of England and 
Wales has been revised siiioo 181)‘l, a further 
revision (third edition) is approaching (?omple- 
tion, and a fourth edition is begun. 

The sheets can bo had either in an engraved 
edition, in outline, with contours, or in a colour- 
printed edition showing water blue, hills brown, 
(contours red, roads sienna, and county bound«ari(‘s. 
Pedestrians will find this inaj) very usofiil for 
tourist purposes, while the new map on the scale 
of two miles to an inch, and the oolour(‘d map on 
the scale of four miles to an inch, will j^rove of 
service for motoring and driving. 

County and Other Maps. Tlu se maps 
are published on the d-inch and 2.5-inch scale. 
Clergymen, schoolmasters, and landed gentle- 
men will tind the mai)s invaluable as aeourale 
delineations of tlieir parishes or districts. 

'J'owm plans, ,5 f(‘et or 10.J feet (o 1 inihs 
arc published for certain towns. Municipal 
bodies, urban and rural district councils, parish 
councils, engineers, estate agents, and surveyors 
will find these large scale maps of great use for 
lighting, drainage, paving, rating, and general 
tistate pur])Ose8. A new half-inch map is pub- 
lished on the scale of two miles to an inch, in 
40 sheets, mostly IlO by 21 inches. ]t is printed 
in colours showing hills and contours in brown, 
water blue, woods green, outline black, and 
chief roads sienna. A quartcr-ineh map. on the 
scale of four miles to an inch, is published in 
18 sheets, size 22 J inches by 16 inches, in two 
forms, one engraved in outline and the other a 
coloured edition showing Avater blue, hills brown, 
roads sienna, and woo(is green. 

Library Map. A useful map is the revised 
edition of the library map, constructed on the 
basis of the Ordnance iSurv(?y and tin* Census, 
and adapted to the various branches of civil or 
religious administration ; it shows railw^ays and 
stations, main roads, canals, ])rincif)al parks, 
antiquities, and other features of interest. The 
cities, boroughs, towns and villages are engraved 
in special characters according to their relative 
importance ; antiquities, parks, and mansions, 
main roads, railways, canals, coastguard stations, 
lighthouses and light- vessels, lifeboat stations, 
county tow'ns, municipal boroughs, number of 
parliamentary representatives, towns where 
assizes or quarter sessions arc held, cathedrals, 
military headquarters, and ports of entry are 
all indicated by suitable symbols. 

The whole forms the most comprehensive 
work of reference on England and Wales which 
has been presented to the public in the shape of 
a map. The scale is Tf miles to an inch, 
that is to say, 1 : 486,830, 


School Map. Stanford's extra large ma]) 
of England and Wales forms the grandest map 
of England and Wales for wall purposes ever 
published. The lettering is so bold and distinct 
that it can be read easily at a distance of ten or 
twelve feet, and at this distance the rivei-s and 
hill features can be clearly traced. All places 
liaving 2000 inhabitants and upwards will be 
found on the* nia]>. The scale is 3J miles to an 
inch (1 : 237,6lK)). 

Scales. The Natural Scale which is found 
on ma[>s is the scale of comparison between the 
measurement on the maj) and the measurement 
on (he ground represented by tlu^ map. For 
ex-aiiq)lc, tlie natural seal(‘. 1 : 63,360, or as 
sometimes written indicates that 1 inch 

(or 1 foot, or any otlier unit of measurement) on 
the map equals 63,360 inches (or feet, or what- 
c'vcr may be tlie unit of measurement) on (be 
ground. As there are 63,360 inches in 1 statute 
mile, (his scale is concisely stated as *’ 1 inch to 
a mile,'’ and written J : 63,360. 

Engineers and surveyors iind the Ordnance* 
maps and area books absolutely necessary for 
much of (heir work. The Ordiianc (3 »S\irvey 
reference books give the area of every tifdd 
and enclosure to the thousandth of an acre, in 
acres and decimals. 

Ordnance Datum. The bench marks of 
the Ordnance? surv(?ys an* of (his paHcrn 
and are known as Ordnance bench marks 
(O.B.M.). 

'Phe hoi’izontal line ropres(;nts (lu? spirit level, 
and the three stroke's forming tlu? ari-ow re- 
present the legs of th(‘ stand of th<* k'vel (tech- 
nically known as the tripod). On the sheets 
of tlie Ordnance? Sorvey the levels of the s(*voral 
bench marks arc niimberotl in feet and decimals 
of a foot abov(* mean high-water mark a1 
Liv(?rpool, which is as8umt?d to be 0*65() of a 
foot below the g(*ncral moan level of the sea. 
These heights have been determined at many 
points tlii'oughout the country ; each is desig- 
nated by the mark n'ferrod to, being in a Avail, 
or footpath, or milestone, at tht? .s])ot indicated 
on the Ordnance map. 

Land Measures. Originally land nu'iisuro 
differed in various parts of England, and Avas 
governed by the custom of the particular 
locality in which the land was siiuati'd, hence 
the ternj ‘ Customary Measure.” 

Xow', how'cver, land measure for the whok? of 
England is goA^med by Stiatutes 34 Henry 
VIll., 6 (icorgt? IV., chap. 74, and 5 and 6 
William IV., chap. 63; hemte the term “ Statute? 
Measure.” (Consequently, in old docunu’nts, 
we occasionally come across plans giving tb<? 
area of lands in customary acres, roods, and 
perches, and it is, therefore, necessary to reduce 
cmiomiry to statute, and sometimes statute to 
customary measure. 

The same remark applies also, in soiiu? cases, 
when dealing with land in Scotland or Ireland, 
or other parts of the Avorld, Avhero the land 
measure differs from our statute measure. 

1. By the Act 5 George iV., chap. 74 
(June i7th, 1824), it is enactid : ‘That om* 
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present yard shall be denominated the ‘ Im- 
perial standard yard * ; and shall be the unit, 
or only standard measure of extension, whereby 
all other measures of extension whatsoever, 
whether the same be lineal, superficial, or 
solid, shall be derived and computed ; and that 
all measures of length shall be taken in parts, 
or multiples, or certain proportions, of the said 
standard yard ; and that one-third part of 
the said standard yard shall bo a foot, and 
the twelfth part of such foot shall be an inch ; 
and that the rod, polo, or porch in lengih, 
shall contain five such yards and a half ; (he 
furlong, two hundred and twenty such yards ; 
and tht‘ mile one thousand seven hundrc'd and 
sixty such yards.” 

2. By the same statute it is enacted that 
all superficial measures shall bo computed by 
the said standard yard, or by certain parts, 
multipl(‘s, or proportions thereof ; and th.at 
the rood of land shall contain one thousand 
two hundred and ten square yards ; and that 
the aero of land shall contain four thousand 
•‘ight hundred and forty such s(juaro yards, 
being one hundred and sixty square rods, 
poles, or perches. 

3. By the Act o and 0 William IV^, chap. 03 

(September Dth. 183.*)), all or cndjmanj 

weights and measures are abolish(‘d, not only 
in England and \\'ales, but also in Scotland and 
froland. 

Multiples of the Yard. The yard being 
(he British standard length, it is mnltipUcd into 
chains, furlongs, and miles, and divided into 
fet'i and inches, the chain of 22 yards hciiur 
divided into 100 parts, or links, each of M'hich 
measures 7*92 inches. 

In the .school table books yar<ls is called 
I rod, pole, or perch, and the square formed by 
this length, containing 30.{ sq. yd., is calk'd 
I s(|. rod, ])ole, or perch. 

Surveyors ohje(it to this confusion of terms, 
and are generally agreed that the term pole 
shall bo used for lineal measure, and perch for 
square ineasure, so that arca.s in land surveying 
ar(‘ usually stated in acres, roods and perches, 
any fraction over being stated as or J, to 
whicliever of these it is nearest. 

The Ordnance surveyors use tliroe places 
of decimals for the fractional pcrclics, giving an 
appearance of accuracy which the work itself 
will not warrant, as an allowable error is 1 perch 
per acre. 

Formerly, by custom, the perch varied in 
different parts of England, and with it, con- 
sequently, the acre also varied in proportion, 
fn Devonshire and part of Somersetsliire, 15 ft., 
in Cornwall, 18 ft., in Lancashire, 21 ft., and in 
Cheshire and Staffordshire, 24 ft. were accounted 
a perch. In the common field-lands of Wilt- 
shire there was a customary measure of a 
different nature — viz,, of 120 instead of 160 
statute perches to an acre, so that 30 perches 
of statute measure made 1 rood of customary, 
or 3 statute roods made 1 customary acre, 
or 30 stat iite perches made 1 rood, and 4 such 
roods made 1 acre customary measure. 
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It may be observed that 4,840 sq. yd. make 
1 statute acre — 3,630 made 1 Wiltshire acre, 
4,000 made 1 Devonshire or Somersetshire acre, 
5,760 made 1 Cornwall acre, 7,840 made 1 
Lancashire acre, and 10,240 sq. yd. made 1 
acre of the customary measure of Cheshire or 
Staffordshire. 

The Scotch acre contained 1,244,‘ sq. yd., 
and the Irish acre 3,000 sq. yd. more than the 
English statute aero ; while the Seoioh mile 
was 2164 and the Irish mile 480 yards more than 
the English mile. 

The standards of measureiiu'nt. in London 
for testing chains, rules, and rods an* .situated 
in the Guildhall and on tlu* north side of 
'Prafalgar Square, and may bo used frci' of 
charge. 

Reducing to Statute Measure, li 

many old surveys and y)lans the area is giveii 
in local and customary acaes, rods, and perches, 
consequently it is neca'ssary to give the method 
of reducing local or customary incasui .‘s of land 
to statute measure? and statute to customary 
measure. 

Method Xo. 1. Wluui the numlu'r of feet in 
a customary perch is given, reduce the custom- 
ary quantity to square feet, and divid' by 
272*25, the numlxT of S(piare feet in a statute 
])ereh, and again divide the quotient by 10(1 
(he square perches in an aen* for acres; and 
the remaind(‘r, multi})li(‘d succes.sively by 4 
and 40, and divided successively by 1(U). 
will give the roods and perches statute 
measure. 

Method No. 2. When the number of square 
yards in a customary aero is given, reduce 
the area (customary measure) to acre's and 
decimals of an acre, multiply by the number 
of square yards in a customary acre, and 
divide by 4840, the square yards in a statute 
acre, and reduce the d(?cimals to roods and 
j)erehes by multiplying successively by 1 
and 40. 

Old Maps. When boundaries are iii dispuU', 
it is necessary to refer to all available records, 
such a.s old jiarish ma})S in (ho possession of the 
ck'rk or surveyor to the distri(;t council, niaps 
attached to or accompanying lease.s and con- 
\cyances in the liand.s of the owners or oecupieis 
of the property, or their solicitors or agents ; 
maps in the custody of the lord of the manor or 
his agent ; occasionally maps iu the Record 
Office and elsewhere. Sometimes th^. precise 
boundary cannot be ascertained, but a careful 
inspection of the ground throughout the sup- 
posed course of the boundary will often show, 
i)y a bush Jiere and there, and slight elevations or 
depressions of the surfacus the prol^ablc course of 
a former hedge and ditch. Again.st a public 
road tbc boundary hedge may have been kept in 
fair order, but the ditch allowed to become 
gradually filled up and effaced, in which case the 
aythorities may claim up to the centre of the 
hedge as public property, and, although they may 
not be entitled to it, their claim is difficult to 
di.sprove. 

A. TAYLOR ALLEN 
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Milton, Dryden, Pope, Thomson, Gray, Cowper, 

Burns, and the Minor Poets of the Period. 

POETRY FROM MILTON TO COWPER 


The period \vc arc now about to consider 
is one in which the lessons urged by 
the critical school of Ben Jonson bore fruit. 
'1 he greatest name among the ])()ets of the 
age that witnessed the rise of the Common- 
wealth and the downfall of the Stuarts is 
that of the author of “ Paradise T.ost.'' 

John Milton (b. iGoq ; d. 1O74), “ God- 
gifted organ voice of England.” was the 
son of a scrivener who had been disin- 
herited by his father for changing his faith 
to that of the Keformers. His early years 
are thus described in his owti words : 

When 1 was yet a eliikl no childish play 
To mo was ])lc‘asing ; all my mind was set 
Serious to li‘ani and know, and thence to do 
What might he ])uhlic good ; myself 1 thought 
Bom to that end, bom to promote all truth, 
All righteous things. 

Though he wrote verses at the age of ten, 
and ])ara phrases of the Psalms (including 
the well-known “ Let us with a gladsome 
mind ”) as a schoolboy, w^e find him in the 
sonnet “ On Arriving at the A go of Twenty- 
three ” lamenting his “ late spring.” 

His early poems w’ere inspired by the 
pastoral surroundings of Horton, in Buck- 
inghamshire, where, after leaving Cam- 
bridge, Milton spent five years under the 
parental roof. ” L’ Allegro ” and ”11 
Penseroso ” are mirthful and ]jensive 
poems respectively, as their titles imply. 
Each has su])plied the world with many 
oft-quoted plirases and lines. “Comus” 
is a masque, beneath the exquisite alle- 
gory of which may be discerned the 
poet's political bent, and the whole is 
rich wTth promise of the work by which its 
author is most wddely known. ” Lycidas ” 
is an elegiac poem composed in mcmoiy^ of 
a college friend. It breathes such a con- 
tempt for the corrupt holders of ecclesiasti- 
cal benefices as to make one w^ondcr why 
it was not made the subject of a Star 
Cliamber ” inquiry.” Having pondered 
these poems, the student should read the 
beautiful lines. ” At a solemn music.” 
The works mentioned were composed 
betw^een the years 1631 and 1637, ^'^en, to 
quote the glowing words of Mr. Edmund 
Gosse, Milton “contributed to English 


literature about tw^o thousand of the most 
exquisite, the most perfect, the most con- 
summately executed verses which are to be 
discovered in the language. This appari- 
tion of Milton at Horton,” Mr. Gosse goes 
on to remark, ” without associates, walhout 
external stimulus, Virtue seeing ‘ to do 
what Virtue would by his own radiant 
light,’ this is one of the most extraordinary 
pihenomona which we encounter in onr 
[literary] history.” 

Milton’s “Paradise Lost” is the best 
known of all his writings. Though owing 
something, doubtless, to S]ienser’s ” Faery 
Queen,” it is not only the first English 
epic ; it is unapproached save by Tenny- 
son’s ” Idylls of the King.” There are 
various forms of this ]xirticular class of 
poetry ; its foreign masters arc Homer, 
Virgil, Tasso, Ariosto, and Dante. Milton’s 
original conception was of a drama on the 
Arlluiriau legends. Perhaps the Civil 
War which intervened between the con- 
ception and the performance of the work 
supplied sufficient motive for a theme of a 
more sublime and solemn character than 
even those associated w'ith the Round 
Tabic. But, as Milton’s great editor, 
Professor Masson, reminds us, Milton in- 
herited, as it were, a subject with which 
the imagination of Christendom has long 
been fascinated. ” Paradise Lost ” is 
more than the oiit])onrings of a richh’ 
stored mind saturated in the classics and 
the Bible. It is an epic that has no par- 
allel in our own or in any other language. 
” It is an epic of the w^hole human species- - 
an epic of our entire planet, or, indeed, 
of the entire astronomical universe. Hk* 
title of the ]K^em, though perhaps the best 
that could have been chosen, hardly in- 
dicates beforehand the full nature or 
extent of the theme ; nor aie the opening 
lines, b}' themselves, sufficiently descrip- 
tive of what is to follow\ It is the vast 
comprehension of the story, both in space 
and time, that makes it unique among 
epics, and entitled Milton to speak of it 
as involving 

Things unattempted yet in prose or rnyme. 

It is, in short, a poetical representation, on 
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tlu! au<hoiif-v of hints from the Book of Cloncsifi, 
of the historical connection between human time 
and aboriginal or eternal infinity, or between our 
created world and the imnicasurablo and in- 
conceivable universe of pro-human existence.** 

Milton's “ Ode on the Morning of the 
Nativity,** written in his Cambridge days, 
conveyed the theory that the pagan gods were 
fallen angels. “ Paradise Lost ” deals with tho 
Rebellion in heaven, the Creation, the Tempta- 
tion, and the Fall. But that Satan is the hero 
we beg to disbelieve, despite even Professor 
Masson’s dictum. Milton was too full of 
humanity — witness his twenty years of ])atTiotic 
service - to idealise the Kvii One. It is man 
himself he sing.s. Certainly, the deo])est interest 
attaching to both ' Paradise J^ost and 
“ Paradise Regained ” is insinred by the study 
of th(? character of Satan as the iomptiir of man 
and the tempter of Christ. But this interest 
arises from the object, or subject, of each encounter. 
The lesson dtTivabJe is twofold. On tlie one 
hand, we are brought to a consideration of the 
mi.suse of a Divinely given freedom ; on th(‘ 
other is enforced the conclusion that Ood is 
“ (irace Abounding.” Of “ Paradise Lo.«t ” 
Coleridge said that “ no man can rise from the 
perusal of this immortal poem without a dc'cp 
sense of the grandeur and purity of Milton’s soul." 

Samson Agonistes. This was Milton’s 
last work, and is a drama on the Creek mod(‘l. 
founded on the Book of Judges, but, us the 
author expre.ssly states, not designed for the 
stage. It is the work of one whose cause had 
he(*n nobly fought for, and hardly lost. The 
thoughts uttered by Samson came from the 
heart of the poet who wrote them. The work 
is severe in stylo, but d('rives its highest value 
from the parallels it offers between the lives of 
Samson and Milton himself. For our present 
purpose what we wish especially to emphasise 
is the importance of the study cJ Milton’s work 
to all who aspire to the proper and most effective 
use of their mother tongue. To Milton may be 
ascribed Sjienser’s (uilogy of Chaucer as “ a well 
of English undefyled.” He had, like Achilles, 
one defect : he had no .sen.se of humour. 

S me of Milton’s Contemporaries. 
Thomas Randolph (b. 1605 ; d. 16;M) need not 
detain any but the advanced student. Edmund 
Waller (b. 1605 ; d. 1687) lives as the author of 
“Go, lovely Rose” and “Lines on a Girdle,” 
lyrics which “ might almost be chosen from 
English literature to servo as examples of 
the charms of simplicity and directness.” Sir 
John Suckling (b. 1609; d. 1642) is saved 
from oblivion by a song, “ Why so pale and 
wan, fond lover ? ” and a ballad upon a wedding, 
beginning, “ Her feet beneath her petticoat.” 
Sib Richard Lovel.ace (b. 1618 ; d. 1658) is 
the author of a potun, “ To Althea, from Prison,” 
tho first two line.s of the last stanza of which 
are common property : 

Stone walk do not a prison make, 

Nor iron bars a cage. 

Richard Crashaw (b. 1613 ; d. 1649), a trans- 
oendentalist, and author of “ Tho Flaming 
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Heart,” is respousihle for the familiar phrase 
"That not impossible she.” Sir John Denham 
(b. 1615; d. 1669) is the author of a con- 
templative poem, “ Cooper’s Hill,” which 
supplies an early model of the rhythmical 
couplet. Abraham Cow’^LEY (hi 1618; d. 1667) 
was anotlicr of Dryden’s predecessors. Today 
Cowley is chiefly read for his prose, though, in 
his own lifetime, ho was one of the most populai 
poets of the day. He belonged to wdiat Johnson 
called the “ metaphysical ” school of Donne, 
of whicli we have already heard in our Eliza- 
bethan studies. Cowley's “ Pindaric Odes ’’ 
promi)ted the " Alexander’s Feast ” of Dryden. 
Samuel Butler (b. 1612 ; d. 1680), in his 
inimitable satiric poem “ Hiidibras,” which 
was written in ridicule of the Puritans, displays 
much learning as well as wit. Andrew Marvell 
(b. 1621 ; d. i()78) was a friend of Milton, played 
the part of laureate during tho Protector’s life, 
and wrote a " Horatian Ode upon Cromwell’s 
Return from Ireland,” which I’lench specially 
commends to English .studcuits of Horace. 
Marvell’s lines on the “ Emigrants in the Ber 
mudas ” are even better known than the 
Horatian ode. Hknrv Vaughan (b. 1621 : 
d. 1693) was a follower of George Herbert, with 
a mystical !iote of liis own. 

John Dryden. We now come to a name 
second only in importance to that of IMilton in 
the period \jnder review. John Dryden (b. 
1631 ; d. 17(K>) is England's gn‘atest satirist in 
vei*se. His iiitluenoe upon his contemporaries 
w’as tremendous. His critical deliverances are 
reverenced today. He excelled as a dramatist 
and as a writer of prose. For the moment, 
however, wc have to eoneern ourselves witli his 
poems. One of tho first of his characteristics 
that strikes us is his alertness to the significance 
of events in the world outside the library. Wit- 
ness his " Annus Mirahilis ” (the “ Wonderful 
Year” of 1666), wherein ho celebrates the English 
victories over the Dutch at sea and the benefits 
of the Great h’ire of London. 

In “ Absalom and Achitophcl ” Dryden 
directed the whole weight of his powerful 
intellect to the undoing of the Earl of Shaftes- 
bury’s scheme for inducing Charles 11. to nomi- 
nate his illegitimate son, the Duke of Monmouth, 
as his successor to the Throne against the lawful 
claim of tho King’s brother James, who was a 
Romanist. At this time, it should bo remem- 
bered, Dryden, though soon to adopt the Romish 
faith (see “ The Hind and the Panther ”), was 
strongly Protestant, as may be proved by 
reference to tho work that followed “ Absalom 
and Achitophcl” — “Religio Laici,” Taking as 
his model the story of Absalom’s revolt against 
David, Dryden named the various parties to 
tho Monmouth plot after tho characters in 
2 Samuel. Tho portrait of Shaftesbury, beginning 

Of those the false AchitopKol was first — 

A name to all succcedinsi: ages curs. ; 

In friendship false, implacaLle in hate, 

Resolved to ruin or to rule the State, 

is tho most telling example of passionately 
concentrated poetic portraiture in our literature. 
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Dryden*s Poetic Power. Thivc otiicr 
works by Dryden exhibit his splendid IjTical 
ability — the “^Odo to the Memory of Mrs. 
Anno Killigrew,'’ described by Johmson as “the 
noblest in our language/’ the “ Song for St. 
Cecilia’s ' Day,” and Alexander’s Feast.” 
Dryden’s translations arc subjects for ad- 
vanced study. One of his chief claims to our 
attention is that directness and masculine* 
vigour of his language which almost any half- 
dozen lines of his verse would illustrate*. “ Amid 
the rickety sentiment looming big through 
misty phrase wliieh marks so much of modern 
literature,” writes James Russell Lowell, “to 
read Dryden is as bracing as a north-west wind. 
He blows the mind clear. In ripeness of mind 
and bluft’ heartiness of expression he takes rank 
with the best. His phrase is always a short 
cut to his sense. H(i had beyond most the gift 
of the right word ; and if he does not, like one 
or two of the (h’cek masters of song, stir our 
sympathies by that indefinable aroma, so magical 
in arousing the subtle associations of the soul, he 
has this in common with the few great writers 
that the winged seeds of his thought imbed 
themselves in llic memory, and germinate there.” 

The Principal Poets between Dryden 
and Pope. Matthew Prior (II 1664; d. 
1721) wrote a clever i)arody of Dryden s ‘'The 
Hind and the Ranther,” called “ The Country 
and the City iMouse.” His muse, as Hazlitt 
says, was “ a wanton tlirt.” His poems and 
lyrics are marked b}'^ an easy air of abandonment, 
but have at least the merit of originality as w'cll 
as w'it. Joseph Addison (b. 1672; d. 1719) 
wrote po(*ms and a tragedy, (.'ato,” which 
Voltaire greatly admired, but it is by his views 
on poets - his work, for example, in popularising 
Milton — and his essays that ho is best known. 

Nicholas Rowe (b! 1674; d. 1718) translated 
Lucan’s “ Pharsalia,” and WTote the still effective 
drama of “ Jane »Shore,” but is best remem- 
bered as a biographer and editor of Shakespeare. 
Thomas Parnell (b. 1679; d. 1718), author of 
“ The Hermit ” and “ Tlie Fairy Tale,” aided 
Pope in his translation of the “ Iliad,” and 
wrote an Elegy to an Old Peauty,” of which 
one line is often quoted : 

Wo call it only pretty Fanny’s way. 

Edw'aed Young (b. i68;{ ; d. 1765) was a 
far from admirable character. His “ Night 
Thoughts ” have all the gloom hut little of the 
grandeur of “ otherworldliiiess.” John Gav 
(b. 1685; d. 17*12) was the author of several 
delightful songs. *’ ’Twas when the seas wen* 
roaring,” “ Molly Mog,” and “ Rlack-cyed Susan ” 
are among them. 

Alexander Pope. Pope (h. 1688; d. 
1744), writing of himself, tells us that 
As yot a child, now yet a fool to fame, 

I lisp’d in numbers, for the numbers <’amc. 

Many critics maintain that they came too easily. 
These are they, who hold that Pope’s polish is 
a proof of his unpoetic soul. Pope was obviously 
influenced by Dryden. But Mr. Gosse insists on 
Pope’s great indebtedness to Boileau, “ The 


French satijist had recommended polish, and 
no one practised it more thoroughly than Pope. 
Boileau discouraged love poetry, and Popo did 
not seriously attempt it. Boileau parapnr.ased 
Horace, and in so doing formulated his own 
poetical code in ‘ L’Art Po6tique * ; Popo did the 
same in the ‘ Essay on Criticism.’ ” Mr. Goss© 
carries the parallel much further, though tliis goes 
far inde(‘d, and English poetry must admit a 
great debt to the Freneli w^iiter wdio, at an im- 
portant moment in its (l(*velopment, inculculated 
in his Knglish pupil i)iirity and decency of ])hrase. 
The son of a Loudon linen uu‘rchaut, Popc^ was 
excluded from public school and uiiiv(*rsity by 
r(‘ason of his fathers r(*ligioii ; and (he result 
was that he was largely self-taught. 

Pope’s Characteristics. By l^ope’s writ 
iug W'(* are able in a largi* degree to judge his 
lime. “ He did, in some not inadequate sense,” 
writes Lowell, hold the mirror up to Nature. 
Jt w'as a mirror in a drawing-room, but it gav(^ 
hack a faithful image* of soeiety, pow'd(*red and 
rouged, to he sun*, and intent on trilh‘s, yet, 
still, as human iu its own way as the heroes of 
Homer in theirs.” His work contains gems not 
of his own mind but gems res(‘t, admittedly 
with skill, and therefore of [>ermaiient value. 

His crippled body affect e(l his outlook on the 
w'orld. His “ Essay on Criticism ” was writte'ii 
out in prose before* la* was twenty years old, anti 
th(*ji versified. Jt has been described as “ un- 
epiestionably the> finest piece of argumentative 
and reasoning poetry in the English language.” 
Professor (\>urthopc has invitial attention to 
the remarkable analogy pre'sentod by the< 
poetical career of Pope to the (‘()ntt*mporaiy 
change in the English (’oust it tit ion and the 
parallel ascendency of Waljiolo in politit\s ; 
and maintains that Pojxi “gave to the couplet 
as inherited front Dryden a polish and l)alan(‘e 
which perfected its capacities of artistic ex- 
pression, perha[)s at the expense of its native 
vigour.” Judg<*d by wJiat he was and what he 
di(l, not by what other jtocts were and by 
what Ihtif did, Pope will be found to fill a definite^ 
and distinguished ])osition in the evolution qf 
English letters as they reflect English life. 

Thomson, Gray, and Goldsmith. In 

the poetry of James Thomson (h. 1706; 

d. 1748) is heard an echo of Spenser. This 
echo is characteristic of much of the poetry 
of the eighteenth century. Thomson affords 
reli(*f from the works of J*ope by .singiiig of 
Nature sincerely, if in a so]iu*w'hat affected style. 
His chief })oems, “ Tlu^ Seasons *’ and “ 'riic 
Castle of Indolence*.” ])repari* the way for the 
beautiful odes of William (V)llins (b. 1721 ; 
d. 1759) and the scholarly writings of Thomas 
Gray (b. 1716 ; d. 1771). wJioso ” Flegy written 
ill a Country Cliurchyard ” (Slokt; J’oges) di<l 
for “the rude forefathers of the hamlet what 
PojX* accomplished for* (he fashionable folk of the* 
town, (iray wrote little*, but wdiat he wrote* 
w'as wT'itten suprem(*ly well. He w^as a man of 
leisure and retiuement. the son— like Milton — of 
a scrivener. He drew inspiration from Milton 
and Dryden, and is one of the harbingers of 
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Wordsworth. Mention may hero be made of 
Robert Blair (b. 1699 ; d. 1746), who wrote a 
sombre poem called “ The Grave ” ; William 
Shenstone (b. 1714; d. 1763), whoso “School- 
mistress *’ is a tender tribute to a Leasowes 
teacher, Sarah Lloyd ; Mark Akenside (b. 1721 ; 
d. 1770), whoso “ Pleasures of the Imagination,** 
once popular, is too heavy and didactic to 
appeal to the modern reader ; and Oliver 
Goldsmith (b. 1728 ; d. 1774), a name univers- 
ally beloved — and, in truth, that of a citizen of 
no one country, but of the world. 

The Works of Goldsmith. Let none 
apply too scornfully or carelessly the term 
“ bookseller’s hack,” for Goldsmith — poet of 
“ The Deserted Village,” writer of tliat inimit- 
able novel “The Vicar of Wakefield,” and 
author of the equally delightful comedy “ She 
Stoops to Conquer” — was a bookseller’s hack. 
Goldsmith had, in generous measure, the saving 
grace of humour, with infinite tenderness and 
graceful delicacy of thought. “ No writer in tlu‘ 
languag(*,” says Professor Masson, “ has (‘ver 
surpassed him, or oven cquall(‘d him, in that 
witching simplicity, that gentle case of move- 
ment, sometimes careless and sli[)shod, but alwa\'s 
in perfect good taste, and often delighting with 
the subtlest turns and felicities, which critics 
have admired for a hundred years in the diction 
of Goldsmith.’’ In some resjiects ho touches 
the heart of man, and especially of the literary 
man, more surely even than Charles Lamb does. 
Ireland, that gave us a ISuift, also gave us Oliver 
Goldsmith. The fact is one to bo ludd per- 
petually in grateful remembrance. 

William Cowper. Cowper (b. 1731 ; d. 
1800) makes his appeal to young England in the 
nursery. Where is the English child who has not 
treasured the ballad of ” John Gilpin” ? Cowper 
missed the sweet inliueiices of a mother’s love. 
He laboured from infancy under the disabilities of 
a weakly frame, and for a time under the terribk* 
burden of insanity. His lirst masters were 
Milton and Cow ley ; his music was also inspired 
by the works of Thomson. His initial essays 
in verse w ere written under the personal influence 
of the Rev. John Newton, curate of Ohiey, in 
Buckinghamshire, a converted slave trader of 
melancholic temperament. Cowper’s sad expe- 
liences of public school life are reflected in his 
” Tiroeinium ; or, a Review of Schools.” How^ 
his famou.s didactic t)oeiii, “ The Task,” came 
to be written makes a charming story of 
w'oman’s influence. Cowijer, cheered by the 
eymt)athetic friendshij) of Lady Austen, had 
written the Ballad of “ John Gilpin ” after Lady 
Austen had recounted the legend to him ; and 
she then asked him why he did not try blank 
verse. “I will,” ho replied, “if you will give 
me a subject.” “ Oh,” was the rejoinder, “ you 
can write on any subject. Write on this 
sofa.** This w^as. the germ from which sprang 
“ The Task.’* Thus succinctly Arnold has 
indicated CSowper’s treatment of Lady Austen’s 
theme : “ After having come down to the 

creation of the sofa, fancy bears him away to his 
school daiys [at Westminster], when he roved 
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along Thames’ bank till tin^d, and needed 
no sofa when he returned ; then he becomes 
dreamy, traces Iris life down the stream of time 
to the present hour, noting what has made him 
happy, stilled his nerves, strengthened his health, 
raised his spirits, or kept them at least from 
sinking ; and finds that it has been ever the free 
communion with Nature in the country.” Many 
charming descriptive passages are interwoven. 

It is in “ The Task ” that is found the line : 
God made the country, and man made the town. 

Cowper’s Contemporaries. Among 
these were James Macpherson (b. 1736; 

d. 1796), the reputed author of “Ossiaii”: 
Charles (’iirRrniLL (b. 1731 ; d. 1704), author 
of the satirical “ Pro])hecy of Eamiiic ” ; 
Michael Bri'ck (b. 1746; d.‘ 1767), who wrot(^ 
that delightful lyric, ” Ode to the Cuckoo ” ; 
and Thomas (’hattkrton (b. 1752; d. 1770), 
who wTote the ‘‘Rowley Forge kcs ” at the age 
of sixteen. 

The sleepless soul that perished in his pride ! 
Chatterton came to London full of hope and 
<onfidcnce in his extraordinarily precocious 
pow'ers. Ho died of starvation and poison in a 
wretched garret, and was buried in the pauptu’s’ 
pit of Shoe Lane Workhouse. 

Robert Burns. Scotland’s national bard 
(h. 1759; d. 1796) was a poet of the people, 
who wrote for the ])eo])le. It vvas Professor 
Blaekic who declared on his deathbed, “ Tlui 
Psalms of David and tlu^ songs of Burns — 
but the Psalmist lirst.” “ To Burns,” said Lord 
Rosebery, “wo owe it that wc canny, long- 
headt^d Scots do not stagnate into prose. His 
genius and character aro the Gulf Stream whieh 
prevents our freezing into apathy and material 
life. ... Ho never fails us. Wo rally regularly 
and constantly to his summons and his shrine. 
His lute awakens our romance, and charms the 
sunless spirits of darkness. He is the influence 
that maintains an abiding glow in our dour 
(rharacter.” Burns followed no “ mast(5r ” 
and founded no “ school.” He stands alone, and 
in his own domain is without a rival. For tho 
best interests of literature let the young student 
study such poems as “The Cottar’s Saturday 
Night,” “ To Mary in Heaven,” “ To a Mountain 
Daisy,” “ Robert Bruce’s Address to His 
Army,” “ To a Mouse,” “ Hallowe’en,” “ Tam 
o’ Shunter, ” and “ The Jolly Beggars,” and leave 
the story of the poet’s life for more mature 
eonsidcration. From the works named may 
be gained sufficient insight into the^u inanity, 
the humour, the pathos, and the lyrical genius 
of their author. The songs of Bums must 
appeal to all. They are rich and rare. “ The 
Banks o* Doon,” “ Green Grow the Rashes 0,” 
“The Birks of Abcrfeldy,” “John Anderson,” 
“Highland Mary,” “My Heart’s in the High- 
lands,” “ Auld Lang Syne,” “ For a* That and 
a’ That,” “The Lass o’ Ballochmyle ” — these 
are part of every Scotsman’s birthright. But 
the poetry of Burns is not only a Scottish 
possession: it plays no insignifleant part in the 
formation of the British character. 

J. A. HAMMERTON 
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Duties and Salaries of the Municipal Finance Depart’ 
ment. Training, Qualifications, and Examinations. 


THE MUNICIPAL TREASURER 


T hk financial staff of a local authority is less 
liberally reiiuinerated. on the whole, than 
that of the town-clerk- -the branch we last con- 
sidered. The explanation, doubtless, is that 
many subordinate positions in the accounts 
dej)artjnent are ordinary clerical appointments, 
while the town-clerk's staff requires special 
training, only an expert being able to perform 
satisfactorily the duties of a committee or 
(Section clerk. Leading financial positions, 
liowcver, as we shall see, need quite distinctive 
knowledge and abilities, and art^ in consecpienee 
correspondingly well paid. 

The Head of the Finance Staff. 
There is a good deal of diversity of practice as 
to the title and duties of the head of the finance 
staff. To quote a distinguished authority, wlio 
is himself holding such a post in a prominent 
county borough, “ The chief financial officer of 
a corporation is styled either ('omptrollcY, 
Treasurer, or Accountant, the duties of each 
being of a somewhat similar nature. The 
position of treasurer is, however, tlie statutory 
one, and th(^ majority of cori)orations arc} now 
appointing their leading financial officer in that 
capacity.” In many instances the staff includes 
both treasurer and accountant, the first holding 
the senior rank, fn some municipalities the two 
offices arc united in a single official ; w^hile 
others, again, place the control of their finance 
department undcir the borough accountant, 
and employ a member of a b,anking firm or the 
manager of a bank as their nominal treasurer. 

The Treasurer’s Duties. The chief of 
the financial branch holds a very responsible 
office. He is in general charge of the revenues 
and disbursements of his authority, such large 
sums passing through his hands that security 
to the extent of £5000 or £10,000 is usually 
required of him. As export adviser to the 
council on the financial side of their many 
operations, he has an anxious duty to perform. 
Not only is he consulted as to the conduct of 
such matters as raising and extinguishing loans, 
issuing stock, and fixing terms and rates of 
interest ; the soundness or otherwise of im- 
portant “ municipal trading ” schemes, and the 
proportion of expense which these undertakings 
should bear, are among the grave questions 
on which his opinion is of weight. He must 
further be familiar with the complex system on 
which municipal accounts, as a whole, are kept, 
and the bookkeeping methods best adapted to 
the special needs of trading and other de- 
partments. Thc-se qualifications can only be 
acquired by a wide experience of municipal 
finance in all its branches. 

As already pointed out, no absolute distinction 
can be drawn between the treasurer and the 


accountant ; but where both offices are sejjar- 
ately held under the same local authority, the 
treasurer s concern is mainly with finance and 
securities, the acco\mt ant’s w’ith bookkeeping 
and office checks on expenditure. In these 
circumstances the former official holds the more 
distinctly professional appointment ; otherwise, 
the requirements for either position are practic- 
ally id(‘ntical, and we may conveniently defer 
the discussion of their qualifications in order to 
deal with both together. 

The Influence of Municipal Trad- 
ing. We have seen, in considering electrical 
and gas engineering and other api)ointmcnts. 
that there has been in recent years an astounding 
development in the commercial or “ trading ” 
acliviti(?s of local authorities, and there appears 
to bo every prospect of a conlinuod increase for 
many years to come. I'lie bearing of this 
development on the finance and accounts stalT 
is too direct to be overlooked. In the words of 
the expert already cited, “ The very large com- 
mercial undert akings w liich are now being carried 
on by the municipalities throughout the country 
have, during the last few years, materially in- 
creased the responsibilities of the finance depart- 
ment, and the importance of its work becomes 
more and more manifest from year to year.” 
Th(i growth of a department involves a greater 
number of highly j)aid offices in it, and thus 
affords increased scope for members of the staff 
who show ability. 

Treasurers’ Salaries. This- fact is 
instanced by the case of tlui London County 
Couiicirs chief financial officer, the Comptroller. 
8o greatly has the w'ork of his office increased 
during the past nine years that his salary has 
advanced in that time from £2000 to £2500 a 
year. Tho latter is an exceptionally high 
figure, of course, though it is surpassed in at 
least one instance. The Chamberlain to tho 
City Corporation, who acts as its treasurer and 
banker, receives £30(X) a year. It should bo 
added that he is an exceptionally able financier, 
having gained invaluable experience by many 
years’ partnership in a great banking firm. 
Under less distinguished authorities income 
of county and borough treasurers varies con- 
siderably, ranging from £500 to £1600 a year, 
according to the size of the local body they serve 
and the importance of the works it controls, 
l^eputy treasurerships are remunerated at about 
one- half or three-fifths of tho salaries attaching 
to the principal posts. The treasurer to the 
Manchester Corporation is paid £800 a year, and 
the cashier £400 to £500. 

^ Municipal Accountancy. Where the 
accountant’s functions are distinct from those 
of the treasurer, they may be summarised as 
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comprising the direct charge of the accounts 
staff, and a general supervision over the book- 
keeping in every other department, so as to 
safeguard the local authority from losses through 
carelessness or fraud, and to facilitate the 
periodical inspection of the accounts by the 
Local Government Board auditor. It is the 
accountant’s duty also to control the collection 
of moneys, and to frame from the various 
departmental accounts those elaborate hnanctal 
statements which are necessary to disclose the 
position of the county or borough as a whole. Tin* 
work thus briefly indicated is more complex than 
anyone who has not explonal flu* mazes of Local 
Government accounts would be disposed to 
b(*lieve. Its ])roper ptu'formama* needs some- 
thing like a gift for iigures, as well as a close 
familiarity with miuncipal accounting methods, 
and inexhaustibh; j)atienee and alertness. 

Owing chiefly to the difference of duties already 
jiointed out, accountancy posts, as a class, an* 
less liberally repaid than treasurerships. Th(‘v 
range in value from £2o() to £1000 a year, tin* 
latter flgiire being ra rely exec'eded. 

The Requisite Training. Candidates 
for county or borough treasurerships an* 
generally requir(*tl to have (jualitied as profes- 
sional aceountants, and to he thoroughly versed 
in municipal accounts and tinance, as well as 
accustomed to control a statf of clerks. For the 
municipal accountant the same conditions apjjly, 
except that in his case a jirofessional diploma 
is not always insisted iiikui, vacancies being 
tilled by the proniotiofi of experienced and 
deserving assistants or accountants’ clerks at 
least as often as they iuv advertised or reserv(*d 
for “ admitted ” men. 

I’he short(*st and sun'st routes to a principal 
position of (‘ither grade is to enter as an articled 
clerk the office of a borough treasurer or ae- 
eountant who is a Fellow either of the Institute 
of Chartered Aceountants or of the Soe*iety of 
lncorporate*d Aceountants and Auditors. These 
are the two general accountancy bodies whose 
diplomas carry much weight within Uu* municipal 
world as well as without. A schedule of their 
examinations will bo found on page 1 36, in the 
CLEBKSHir AND SlIOKTIIANl) COUlse. 

In this way the student, while gaining valuable 
experience in th(* practical side of municipal 
accounting, can f)ropare for tlie examinations 
admitting to th<* Assoeiateship, and ultimately 
to the Fellowship, of one of the two institutions 
^vc have numtioned. 

On the expiry of his articles he may look 
with some confldeiieo for an assistant ship, 
and later for a principal appointm(*nt. Such a 
direct j’oad to promotion should on no account 
be neglected by the fortunate youth to whom a 
moderate premium and a term of service without 
a salary present no insuperable obstacle. 

On the other hand, the same advancement is 
within reach of a member of the clerical rank 
and file who has neither means nor influence to 
smooth his path, and this fact constitutes the 
great counter-advantage of the finance branch 
as compared with more highly })aid dejjartments. 
The post of boroiigli (‘iigine<T, medical ofticer, 


or surveyor, for instance, is almast out of reach 
of those* who arc not specially and expensively 
trained from tho start ; but there is no reason 
why any aspirant for a loading financial post 
should not — ^with good abilities, a fair general 
(‘dueation, and an aptitude for figures — attain his 
ambition while supporting himself throughout. 

One Way of Success. It will be worth 
while to consider shortly the st<*ps by which a 
^•levL‘r lad may pursue from small beginnings 
such a career as has been indicated. An early 
start is perhaps the foremost essential for success 
under these conditions. 

Years of practical experience are needed to 
master the complexities of tlu? many branches 
of municipal accounting ; and local authorities, 
finding that their best finance officials anj those 
who have been trained to the work from their 
youth, are reluctant, as a rule, to appoint un- 
trained clerks to these duties after the age of 25 
at the latest. 

The ambitious youngster will probably gain 
his footing on tho first rung of the ladder of pro- 
motion between tho ages of 15 and 1 8 by a ])Osif ion 
as office youth or junior clerk on the borough 
treasurer's or accountant’s staff. Here ho must 
take every opportunity that arises to master the; 
details of account-keeping, su])plcmenting this 
practitial training by ev(‘ning class(\s in book- 
keeping, banking, and commercial subjects. 
Ill this way ho will be qualified for the post of 
office clerk or junior bookkeeper when a suitable 
vacancy nris<*s ; and after a few years’ further 
<*xperienee in that, eapaeity h(^ should bo ripe 
for promi)tion — either in tin* sami* office or by 
transfer- to the grade of chid bookkeeper or 
accounts clerk. 

Professional Qualifications. Meantime, 
it will be advisable for the budding accountant 
to direct his studies towards obtaining a recog- 
nist*^! qualification. We have seen that this is 
not an indisj)ensablo sttq>, but, on the other hand, 
it offers no colossal difficulties, and, in view of 
the great valium of a ])rofessional accountancy 
diploma when competing for a leading ap])oint- 
ment, ev(*n tho hardest- work eel accounts clerk 
should not neglect the opportunity of gaining 
it for any but the gravest reasons. 

Of the two accoimtauey associations already 
mentioned, the Jnstitut** of Chartered Account- 
ants admits to its examinations only thos<^ 
stu(k‘nts who have seivecl at least thret* years' 
articles to a member. For such a scdf-dt‘poiident 
youth as we Iiav<‘ in view, this is an absolutely 
l)rohibitiv(‘ condition, unless his otHe<^ chief 
should be himself a chartered aecouutant, and 
would grant liim his arlick's on exccjitionally 
favourable terms. 

The Society of Incorporated Accountants and 
Auditors, however, accepts candidates, oth(*r 
than articled clerks, who have served a specified 
term of years (six for tho intermediate, and nine*, 
for the final examination) as clerk to a municipal 
or other public accountant. The official who is 
resolutely seeking a professional status may, 
therefore, find it expedieiif fo take this Society’s 
final examination as soon as jiossible after 
reaching the minimum agi* of 25, He must then 
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wait for promotion to a principal clerkship 
l)eforo he is eligible for the Associateship or 
Fellowship (A.S.A.A. or F.S.A.A.). 

There eannot be two opinions as to the value 
of this qnalifieation for municipal work. The 
Secretary of the Society of Incorporated Ac- 
countants and Auditors states that “ the post of 
borough treasurer or aceountant to the large 
majority of the boroughs throughout the 
country is heUl by members of this society, the 
diploma of which carries a great deal of w’oight in 
any competition for such on appointment.” 

Diplomas for Municipal Officers. 

I'herc exists, for the benefit of municipal officers 
alone, a similar society, whoso examinations are 
of especial value, because they fire directed to th(‘ 
particular branches of aeeoiintaney with which 
such officials are eoneeined. 'J'he society to 
which we refer is the Incorporated Institute of 
Municipal Treasurers and Accountants. 

Membershi]) of this body is widely recognised 
as a ])roof of efficiency, many local authorities, 
Avhen advertising a vacancy for a treasurer or 
accountant, fU'cepting that qualification equally 
with the F.C.A. or F.S.A.A. diploma. The 
young student of Local Government accountancy 
will, therefore, probably be attracted to an 
I.M.T.A. eertifieato in prefereneo to those of 
the other tAvo bodies named. The examination 
subjects, fees, and other particulars are set out 
in the aeeompanying schedule. Examinations, 
both jirimary and final, arc held yearly. The 
centres are determined after all aiiplieations are 
received, but always include London and one 
Northern town, at- least. 

Age Limits. Many chief accountancy 
positions arc held by young men of less than 30. 
One such post in a busy London borough, at 
an initial salary of £350 a year, was won 
by a juibiio aceountant of 31 ; and another was 


restricted to candidates between 28 and 35 years 
of age. More usually, however, the upper limit 
is extended to 40 or beyond. 

The post of professional auditor, it may be 
mentioned in passing, is often held by an ac- 
countancy firm in private practice, who provide 
their own staff of clerks for the audit, and are 
paid by fees varying from a hundred guineas to 
nearly ten times that sum. 

Rate Collector. For the office of rate 
collector, no particular qualification is pre- 
scribed. The only essentials arc integrity, exact 
bookkeeping, and a general knowledge of the 
w.ay in which rates are made and recovered. 
Applicants are not restricted to any one depart- 
ment, and, indeed, are sometimes ap})ointed with- 
out previous municipal ex})erience of any kind. 
The best training, however, is afforded by a clerk- 
ship on the rating staff, and from this class the 
ranks of t he collectors arc largely recruited. These 
officers must reside within the district for which 
they are appointed, and must provide an office 
and safe. They are usually required to undergo 
a medical examination before appointment, and 
to give security for their honesty. 'Th(‘ir duties 
are monotonous, and oeeasionally distasteful, 
but considering that no special knowledge or 
training is need(‘d for the ])Ost, they are w'ell paid. 
The method of remuneration varies ; soinetinu*s 
it is a fixed and at others a progressive stipend, 
while the income of some collectors varies with 
the number of assessments on which the rates are 
recovered. For the smaller districts, £150 to 
£200 is the usual salary, and for the larger areas 
£250 to £350, and sometimes £400. The City 
Corporation pays its chief eollector £500 a year, 
and even this is occasionally ex(‘e(‘de(l. But, 
although the rate collector is well remunerated, 
lie has raiely any prospects of advancement. 
“ Once a collector, always a collector,” is an 
axiom of the service. ERNEST A. CARR 
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• 

rime, Grade, Place 
of lOxaminatioii 

SriuECTS OF Examination 

Fees and Age 
Limits 

Primary 

Institute ok 

1 i. Finance AND Acooi ntanoy : 

Arltlnnetic and algebra, up to quadratics. Bookkeeping and aeeoiints. 
T,ocal authority tlnanee. Auditing. 

1!. L.\w ; 

(h'lieral priiu'iples affecting mimieipal treaMin'rs ami accountants, 

£1 Is. 

MUNicirATi Trea- 
surers AND Ac- 
countants (In- 

including statute and coinmoii law, real and personal property • 
mortgages, deeds, agrceinciits, etc., contracts, local rates, duties of 
ovenseers, borrowing and rating under certain statutes. 

Note. — Candidates must have served tliree years in finance depaitment of 
municipal or kindred autliority. Successful candiilates become stmients 
of the Jnstitiitc. 

See note 

corporated) 


Final 

Each Octol>cr at 
two (or more) cen- 
tres — namely, 

1. Finance and Accountancy: 

Advanced bookkeeping and accountancy. I.,ocal authority finance. 
Auditing, including systems of internal clieck. 

2. Law : 

Municipal Corporations Act, Public Health Acts, Local Government 
Acta, etc. Duties of overseers, making and enforcing rates, audit of 

£2 2s. 

London and in 
North of England 

accounts : (a) audited by Local Government Board auditor ; (6) not 
so audited ; mortgages, deeds, agreements, and the like. 

See note 


Note. — C anditlates must be Associates of the Institute, or of the Chartered or Incorporated Accountants* Societies ; 
or Students of two years’ standinR, or, if they have served live years in finance department, of one year’s 
standing ; or must have .served six years in municipal finance or audit work, and have passed the Primary 
cxnimuatioii. 


082 






GROUP 11-LIFE & MIND * THE RISE OF LIFE & THE ASCENT OF MAN CHAPTER 8 

Recent Wonderful Discoveries about Cell Life. 

Protopiasm, **The Physical Basis of Life.” 

THE STRUCTURE OF THE CELL 


L ess than a hundred years ago there 
was established the epoch-making doc- 
trine which was known as the cell theoiy. 
The microscope revealed the fact that 
living beings are composed of units called 
cells ; some may only consist of one cell 
in all, some may consist of billions, but 
even the whale or the elephant was itself 
once a single microscopic cell. 

The first discoverers, who were botan- 
ists, w'erc impressed w’itli the walls which 
make the cells, and thought that these 
walls w'ere the really important thing. 
They are not. In animals, as a rule, the 
cell walls are indistinct or absent, though 
usually so very conspicuous in plants. 
What really matters is the contents of 
the cell, and the cell itself is entirely 
subsidiary. But the word has come to 
stay, and may well do so, if we always 
remember that when we speak of “ the 
living cell we really mean the contents 
or inhabitant of the cell. 

The smallest possible portion of living 
matter, it was believed and taught until 
very recently, is the cell. Hence it was 
“ the unit of life.'' A living being might 
consist of more cells than one, but it 
could not consist of less. The typical 
cell, as it may be seen in the amoeba, 
or the simpler and less common type of 
cell seen in microbes, was looked upon as 
the mininlitm of life. As w'e have alreadj’ 
seen, that view' cannot now be main- 
tained. Just as the chemists have had 
to recognise a lower order of unit, the 
electrons, which combine to make up what 
they had thought to be the ultimate unit, 
the atom, so the biologist has to recognise 
a lower order of living unit within the 
cell. Indeed, those units must be the 
actual architects of the cell itself, or the 
architect's instruments. 

As we advance in our centuiy , we con- 
tinually find that we are coming to what 
Herbert Spencer foresaw and rightly de- 
fined, against the voices of the majority, 
in his century. He declared that, as the 
laws of heredity above all showed, there 
must be an ultimate living unit which 
lay between the larger unit called the cell 


and the smaller not-living unit called tlu' 
chemical molecule. Some combination (d 
such molecules there must be wathin the 
cell — indeed, there must be myriads of 
them- which he called “ physiological 
units,” and which must be looked upon cis 
the real units of life or of living substance. 

We must clearly appreciate the meaning 
of Spencer’s -which is now everybody’s-- 
idea before we proceed to study the cell 
as a w'hole. The student might w^(‘ll 
suppose that our arguments as to living 
units within the cell were rather abstract 
and theoretical, and that enough had 
already been said about forms of life 
Minpier and smaller than any microscope 
can show, w'hen w^e w^ere discussing tlie 
origin of life. But all the problems of 
heredity lie in front of us, and when we 
reach them, and try to interpret the 
astonishing facts which experimental breed- 
ing and the study of human pedigrees 
have rev('aled, wx' shall find that the idea 
of living units within the living cojls- - 
in tins case within the Irving germ cells 
from which all individuals spring— is essen- 
tial for any comprehension of the facts at 
all. Since the existence of such units 
was proved by Spencer, a dozen authors 
at least, all studying heredity, have fol- 
lowxxl liim, each with a new* name for 
these units - - “niiccllai,” ” pangenes. ” 
“ detenninants,” ” factors,” “ biogens,” 
and many more- -but the sheer fact of 
their living existence within the cell is 
enough, and wry much, for us to learn 
and remember. 

This being clear, w^c may proceed to 
the stud>' of the cell as a unit in itself, 
and our study will be wholly profitable 
now that w^e have begun it by the under- 
standing that the simplest living thing 
which the microscope can sliow us is 
really infinitely too complicated for micro- 
scope to follow or mind to imagine. A 
living cell is really a little world, a micro- 
cosm, to use the famous old word, and our 
best science can give only the crudest 
outlines of its real structure and organi- 
sation, to say nothing of the indescribable, 
unimaginable forces that have built it up. 
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Cytology- The Study of Cells, WJi(*ii 

living beings that have reached the cell stage, 
and can be seen by the microscope, eonsist of 
only one cell all their lives, we call them ttni- 
cellular. On the theory that they are the first 
or earliest of living beings — which we are now 
sure they arc not — we may apply the Greek 
adjective proto- to them. Thus the one-celled 
animals arM!5illed protozoa^ and the one-cellcd 
plants are called qirotophyta. The single cell 
that we call an amceba is thus the whole animal. 
But in a speck of our blood, no bigger than a 
pin’s head, th(‘re are several millions of living 
cells, and the total number that make our body 
is uncountable and iinthinka))le. Well may wt* 
call the beings whose bodies are thu.s composed 
multicell ularf as eonlrasted with the unietdhilar 
protozoa and i)rotophyta. 

The English form of the Greek word for a cell 
is cw^and so we s^jeak of leucocytes, the white 
cellslof the blood. But cells are so important 
that the study of them needs a special name, 
and it is now known as cytology. All over th(‘ 
world, with microscope and chemical reagents, 
men are ])ursuing this science of cytology, 
observing and analysing and experiimaiting 
upon cells, dead and alive. 

It is a fa(‘t of high imjiortance, forgetfulness 
of which has led to many errors, that most of oiu- 
study of c(‘lls lias been devoted to dead cells. 
That is, or was. inevitable. We take a drop of 
sputum or expectoration from a consumptive 
person, and stain it, so as to reveal the tuber- 
culous microbes which have invaded his lung. 
The student looks and describ(‘s these microbes 
as “red,” forgetting that what he sees arc their 
corpses, stained wdtii the red dye wdiich reveals 
them best. No one has ever Bo on a living 
t ubercle bacilli]i^ ' The sfTimTlls trucT^ cmifse, 
the cells of the brain, and was 
true until a year or two ago for all observations 
u]J0n the liver cells. They must die, and then be 
prepared and changed in various ways, before we 
can see them. 

Watching Cells Grow, The cytology of 
today has advanced far beyond tin* stages reached 
in the nineteenth century just because devoted 
students have made up their minds that they 
must somehow study the living cell in li/e. 
Astonishing work has been done, especially in 
America, and is largely due to the genius of Pro- 
fessor Carrel, a young Freiielmian who works 
in Amcn^RT^id has latt'ly t*arned a Nobel prize. 
These workers observe tlie eonditions of light, 
tem pera ture, moisture, nutj^i^it fluid, andso 
fortrTfmder whiW colls will retain their lives even 
when they arc remov(»d from the body to which 

( they belonged. Thus minute portions of liver 
and spleen or kidney, of the growing heart of 
an embryo chicken, and many other kinds of 
cells, are now being observed m life. 

Cinematograph pictures have been taken of 
them, perhaps at interyakji L t Wfin tY4tti«i]to, 
and have then been put through the lantern at , 
the usual specMd, so that the observer sees upon 
the scr^n, in a few seconds, the actual cell 
division and grow'th which occurred in, say, the 
heart of an embryo chioken» and which may 
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actually have occupied a iuuuIku* of days of its 
development. 

Highest of all in practical and poignant im^ 
liortanco is the study of isolated cancer-coils, 
living and multiplying for days or Yeeks, which 
is now proceeding on these lines. And while 
cytology is thus advancing in respect of the 
cells, normal or morbid, that are found as part 
of the bodies of the highest animals and plants, 
no less Va})id is the development of science in a 
wholly (liflerent direction. 

The Protoxoon, Man's Greatest 
Enemy. Only a dec^adt' or so ago, scarcely anyone 
was St udying t he protozoa. The amceba, the ty pi • 
eal protozoon, had been closely studied and written 
about a thousand times, and the interest of the 
snbjeel stTined ' to have been fully exploited. 
'I'heu then* began that astonishing series of dis- 
coveries in Trojiical Medicine which has already 
built the Panama Canal, and will soon change 
tlie face of the tropical world. Prof. Laveran, 
still alive and working in l*aris, had found an 
animal cell, a kind of protozoon, in the blood of 
malarial patients several years before, but the 
next st(‘ps could not at once be discovered. Our 
own Mauson and Boss took them. 

A larger numb(‘r of protozoa are now known 
ns t}u‘ causes of several of th(‘ most important 
tiiseases, including malaria, one form of dysentery, 
and even more dreadful enemies. Obviously, 
our intert'st in these humblest animals must be 
vastly greater than even such a strange and 
wonderful creature as the innoccuit amceba of 
the ponds could excite. Today Proto-zoology is 
one of the most valuable depart ments of biology, 
and all over the world spi'cial chairs and labora- 
tories arc being founded for the sole purpose of 
studying these uiiioellular animals alone. Man’s 
absolute mastery, if he chooses to use it, over 
all those that may injure him is now only a 
matter of a few' more years. 

What the Microscope Reveals. Let us 
now' see what the micToscopo reveals as to the 
structure of one of these, simplest animals, 
some of which have for ages destroyed countless 
niiiliuus of t he “ paragon of animals ” — himself ; 
or, for it matters little, we may study a typical 
cell from almost any jiart of our own bodies. In 
essentials we shall And that the living cell is one 
and the same thing everywhere, though the in- 
dividual details, which the rniei^oscope can only 
begin to show, must be very great when w'c re- 
member that a living cell may be a micro-coccus, 
or the cell which will multiply and bgj}ome a man. 

We said that the cell wall is much more marked, 
as a rule, in the cells of plants than in those of 
animals. When the microscojK*- was still very 
primitive, those walls became visible, and henc(‘ 
the name cells at all. But later observation, 
with the modem microscope, has shown that the 
cells of plants, contrary to appearances, are 
really much less separate and distinct from each 
other than those of animals. The walls of the 
cells of plants are now known to bo perforated 
at many points, and through the perforations the 
]>rotoplasm or living material of each cell com- 
municates and becomes continuous with the 
protoplasm of its neighbours. ' 
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The Shape of a Cell. The pictures of cells, 
or the views wt get through the microscope, 
must not deceive us as to their real shap(‘. 
They are not flat things, but solid. What we 
see under the microscope is only a view at a 
certain plane or k'vel Tlu* tissue of wood or 
liver or brain, or anything else, has been cut 
through, and we see the section or cut suiiace. 
But cells are really solid things of three dimen- 
sions, and the typical sha[)c of a cell is that of 
a globe or sphere. 

Actual shapes vary immensely for different 
jmrposes, but a round ball of living matter is 
the typical coll. Where cells have to be packed 
together to make a largcn* structure, like the 
stem of a })lant, the globular shape will t(‘ud to 
be squeezed into something rectangular, cubical, 
or oblong, so that the straiglit si(lc of one coll 
is also the straight side of one of its n(‘igli hours. 

The Construction of Plant Cells. Now. 
in the case of tlie [)lant we have lately learnt 
that the cell boundaries or walls are perforated 
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on all sides, and the protoi»lasm is continuous 
through the perforations. In fact, if the cell 
walls could be taken away without disturbing 
anything else, we should find that they are 
really a subordinate, ineehanieal kind of steel 
skeleton for .architectural jmrposes, like that 
of a modern biiikling. Without them, we should 
find that the plant was really an all but con- 
tinuous mass of j>rc)toj>lasm. with denser kernels, 
or nvchif as they are called, distributed at 
regular intervals all through it. These nuclei, 
about which wc must inquire most carefully, 
are real and sej>arate, but tlui general proto- 
plasm of the cells of a })kint belongs almost as 
much to one cell as another. 

This recent discovery is of the greatest import- 
ance. First, it teaches us that the structure of 
a plant, on the whole, is distinctly lower in tyjje 
than that of an animal, for its constituent cells 
have far less independence and Jieparateness of 
function. The conirfust is significant when wc 
think of the body of an animal, the blood of 
which, to take one instance, contains billions of 
really complete and separate cells, each of which 
can move and live and do things independently 
of the rest, though in the service of the whole. 

D Da; 


The Mystery of the Plant. And further, 
if an animal body is really to act as otie thing, its 
parts must somehow bo co-ordinated. Then' 
must b(^ a central government and a kind of 
tek'[)honic or telegraphic machinery, or every- 
thing would soon become chaos. So in the animal 
we find a “ central nervous system,” and nerves 
that convey orders and requests to and from 
Civery j)art of the body. What about the plant ? 
No j)lant has a nervous system at all, nor even 
the vestige or trace or barest equivalent of one. 
Yet a [)lant behaves as a single, unified thing, 
with a single* |)urpose on a vastly lower ])lan(i 
than an animal, of course, but still in an easily 
demonstrabk* way. 

Many plants, to take a striking case, arc* what 
wo call “ sensitive ’'—all living beings are 
sensitivj*, really ami if tlur tip of a leaf be 
touched, the j)lant will roll up the whole leaf ; or, 
in nearly all plants, the leaves will turn, as far 
.as [)ossible. in order to face the sun as it. mov(*s 
across the sky, for thus the chlorophyll of llio 



leaf will g(‘l the maximum of sunlight to use. 
If the plant has no nervous system, neither eyes, 
nor senses nor h?-ain nor nerv(*s, Jiow can it 
behave in tins way ? 

A Protoplasmic Telephone System. 

Well, W(* must not he .so sure that the plant has no 
eyes, or something which [)lays the part of eyes ; 
but even suj)j)osing th.at the presence of light- 
aj>preciating organs has bc*(‘n demonstrated in 
the leaves of plants -- as it lias — how does the 
message travel to tlic part of tlie plant which 
twists the leaf ? 

A few years ago a distinguislKH;! Jndian 
physicist satisfied himself that he had solvei 
the jiroblem by demonstrating th(5 existence 
of real nerves in jilants, but it is now clear that 
his conclusions w(‘ro erroneous. The truth must 
bo that the dilferent parts of the jilant are 
brought into communication by means of Hkj 
protoplasmic threads wluiii connect each jilant 
cell with its neighbours, through the jicrf ora- 
tions in the cell walls. 

In the discovery of Uu*so threads w'O have tho 
explanation of the fact that the jdant can do 
without nerves, and is yot able to act as a single 
thing. All the recent experiments on the 

985 



QROUP II— LIFE AND MIND 


perception of pressure, of light, of tho direction 
of the earth (as when a growing plant is turned 
upside down and the root curves over toward 
the ground) — all of these wonderful discoveries 
in plant physiology tcninh us that tho little holes in 
the cell walls of a ])lant are essential to tho plant’s 
unified existence at all, as an organic whole. 

Kow let us turn to 1 he cell wmUs in the ease' of 
animal cells. Take, for instance, a red cell from 
tho blood of any one of the higlier animals. It 
has no visible wall at all. but of course, it has a 
surface. On examination we can learn a little 
about tins surface. There must be some sort 
of “skin” or membrane, bounding the cell, 
and we infer that this membrane is elastic, for 
the cell can be noticed sometimes to undergo 
deformation by being squeezed, and after the 
pressure is removed it regains its original shape. 



GRANULAR PROTOPLASM IN THE CELLS THAT 
FORM SIMPLE ALG^ 


But there is much more to say about this 
invisible membraiK^ that em^loses tht; cell, and 
one of tho most important problems to which 
modern cytology devotes itself is the structure 
and function of such cell walls as this. 

The Structure and Function of Cell 
Walls. Whatever this membrane be made of, 
it must not be a kind of “ waterproof ” coat, 
^hich lets nothing through. NS^after'^^'at 
kin?r75rTt11^irTfP^ about, it is a living 

being, which must feed and breathe and excrete 
(that is to say, get rid of rubbish), or it will die. 
In other words, all manner of things, h mpd And 

athcrgmcMan, 

ugh^ne ainitin g membra ne of the cell. It 
must ob were like a net of 

muslin, fretdy allowing all kinds of gases and 
liquids to pass in either direction, the cell would 
soon die. It would be a leaky cell, and it would 
soon be a cell poisoned from without. No living 
cell could thrive, or could have been develop 
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which did not have some control over what 
should enter it and what should leave it. Inquiry 
shows that the boundary of a typical animal cell 
is what is culled a s emi yerm^ le membrane ; 
i t i s pc rpicf4^<> and upon those terms 

tlm liTc and health of the cell depend. 

Hero is a field for research and experiment 
which is limitless in possibility, and which men 
have only just begun to study. All the resources 
of physi(?s and ch(*mistry aii‘ required, for we are 
here at the j unction between them, which is 
called physical ehemistry. We must study the 
laws by which gases and liquids of different 
kinds, placed next one another, begin to inter- 
mix ; wo must experiment with all kinds of s(*mi- 
permeablc membranes, and we must learn all wc 
€an about the phenomena which the physicists 
call surf ace-le u and capillaritf/ and o. ywo.s /.v. 

In time' wc shall Ix'gin toKfWterstand how' and 
why th(‘ <’cll maintains its life and health, how' it 
glows, how it grows old, and dies. VVT‘ arc licit* 
v(‘ry near the heart of thi^ pliysical problems of 
life. • So much, (lien, for the cell wall, through 
which occur all the proc(‘ssos of exchange with 
the outer world upon which the life of the living 
contents of tlu* cell dciicnds. 

The Contents of a Cell. And now for 
those contents, which Huxley taught us to call 
“ proto])lasm, tin* [ibysical basis of life ' This 
is, of course, the most wondt^rful substance in the 
world, and man will iiev(*r know imoiigh about it. 
No microscope can ever be as powerful as w’t* 
should wish, for the very nature of light imj)oses 
a limit upon the possibilitii^s of any mieroKco|)e. 
(bemistry will help us grc'atly, but (‘vc'ii that 
amaent and sjdendid science must grope almost 
in the dark when it deals with anything so com- 
plicated and mysterious as ])rotoplasm. M’oday 
wo are just realising that the confident and 
dogmatic way in which protoplasm used to be 
described a generation ago was (|uite un- 
warrantable. We have learnt much since then, 
and know how little we know. 

In order to give ourselves a fair ehanci* w'c* 
must try to put aside anything which is inside 
the cell, but is not really part of its living proto- 
plasm. We soon find that every living cell con- 
tains various things which arc not })art of its 
living substance -though no man can say, in 
many cases, wbat is the exact relation of the 
living substance to these things. Ip. tji^e ce|ji 

.And oxygen and carbo nic a cid , al wavst Tlie 
carbonic acid is"^5erbap;rffiss<Srvc^ more or less 
simply, in tho water /Which constitutes by far 
the greater part of the bulk of protoplasm. It 
is .oat 

the polsonous things which it 
produces and must get rid of. At once the 
careful student will remember a great exception — 
tho green cell which uses carbonic acid as a 
source of food and decomposes it. That is true, but 
it is doubtful whether the carbonic acid as such 
ever gets inside to the protoplasm of the cell at all. 
It is probably decomposed at the very surface 
of tho cell, where the sunlight is strongest, and 
where the chlorophyll grains are placed. 

Then the cell-protoplasm always contains 
oxygen, by which it breathes and burns. This 


kJiatreall^ a 

tf[a^ ,TEoUgh we knowffinl nan at^rn 

(^ygeq^g , to some extent, within its substance, 
ininystS'ious waj^s which no chemist can 
describe. An isolated muscle, with no blood 
running to it, can be made to contract in an at- 
mosphere of pure nitrogen, and will yet yield 
carbonic acid, the result of the combination of 
carbon and oxygen. There must, therefore, have 
been a store of oxygen somehow preserved within 
the protoplasm of the living cells which make the 
muscle,, and which sliorten when tlu^ muscle acts. 
All that the chemists can yet say is (hat tlu^ 
oxygen is used by means of a f(‘rment or ferments 
in the living cell, and that the nvspircation of proto- 
plasm, the fundamental act of life, is udra- 
molecuiar ; the oxygen does not reach the surface^ 
of the cell and burn it, as the surface of a lump 
of coal or wax would biu n, but is lirst all but in- 
corporated within the living substance itself. 

Many other substances are found within the 
protoplasm of the cell — mostly excreta, about to 
be cast out, or things to cat,” about to bo used 
and built up into fresli protoplasm — for all protp- 
[jlasm is ever wasting away by its own vital 
and must be replaced if the t;ell is to 
survive. Dilfereul specimens of cells show 
differences in tlu‘ir non- protoplasmic contents. 
Tn the amtrba we may often see what arc simply 
the indigestible remains of something it has lately 
“ swallowed,’' by flowing round and enveloping 
it in “ amoeboid ” fasliion. In the malaria 
parasite we usually so(i a number of black specks 
which are made by its protoplasm, but are not 
part of it. Ill the green coll, of course, are the 
chlorophyll grains, also made by its protoplasm, 
but not part of it. 

Protoplasm. Putting all such things 
aside, wo come to jirotoplasm itself. Wo look 
at it under the microscope, and try to discern, 
in the first place, its structure. Unfortunately, we 
have great diflicultit's here. Directly we stain the 
Uyi^ccjl with dyes, so as to reveal' its details, we 
1^ it and alter Different methods 

ot preparation and different conditions of observa- 
tion yield different results. 

Sometimes protoplasm is dcscrib<‘d as having 
a physical structure like “ foam,” sometimes as 
forming a “ network,” sometimes as ” granular,” 
sometimes as ” Jiomogeiieous.” Perhaps these* 
different descriptions do not matter so very much. 
We have already seen reason to believe that it is 
really the chemical structure and composition of 
living tilings upon which their properties depend. 

The' actual visible appearance of cell-proto- 
plasm is probably not very important. In the 
architectural sense, perhaps it has no very 
definite “ structure,” as a house has structure, at 
all. Its real structure will be something beyond 
the limits of vision, and consists of the ultra- 
microscopic chemical molecules which compose 
it, and of the chemical unions and balancings 
between them. 

The Character of Protoplasm. But at 

least we cq.ii be sure that living ;^)rotopJa3m.-€oaf , 

er, with the various salts and gases con- 
"m it, always constitutes the greater, part 
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of the bulk of the cell, but the protoplasm itself 
is in character, semi-solid like glue; and 

whether it'exisTs1is*5fairfllteTOf^^^ a network or in 
a sort of foam-like bubble structure does not 
matter as much as the microscopists of the nine- 
teenth century used to suppose. 

But if we are looking at any typical cell, we 
find in the c;(*ntre of it, or, as a rule, at least near 
the centre, a di^iiser portion, whicli usually 
takes more of any stain than the rest, and so 
shows up w(‘U when (he eell is prepared witli 
dyes for microsc^opie observation. 

The Nucleus. This is the nucleus — literally 
tlie little nut or kernel of the coll, which wo have 
already mchf ioried- - and it lias now Is'eii prove ! 
that this nucleus is really the essential part Of th«‘ 
cell, for all the great purpdS6?r*Ttnd''flT'oVTs‘o 
TTTs so different from the rest of the cell that 
itvS protoplasm requires a special nanu*. 

Today we are careful to describe the c(^ll 



AM(BB,K FEEDINO UN DIATOMS 
Tlio upper .aituuba is thrusting out part of its substiinec 
to surround a diatom; tl»o lower ono has already envelope <l 
some of its pruy. 

ylasniy and when w<' have studied it we pass 
onward and inward, to study the 
which makes up the coll-nueUms, 
within itself the central myste'iy of the Universe 
I sec page 108). In structure, chemistry, functions, 
this nucleus Is a thing apart. Aiguments about 
the structure of the cytoplasm arc probably more* 
or less unimportant, because it may have no 
visible architecture at all, but at certain times in 
the history of the nucl(‘us, wluui it is preparing 
for the essential function of life, emailed rei>r.j' 
duction, it clearly shows a kiml of wonderful 
geometrical pattcriLS, changing in sok'inu and 
regular order, like a kaleidoscope; and in the 
secret of those patterns and that structure lie all 
the mysteries of reproduction and heredity. 
Wo began with the cell wall, but now we have 
come to ” the heart of tlu* matter.” 

C. W. SALEEBY 
987 



GROUP 12-BU8INE88 • THE MARKET-PLACE OF THE WORLD— CHAPTER 8 


Geographical Advantage. Virtues of English Law. The 
Export Focus of the World. The World’s Middleman. 

WHY LONDON RULES BUSINESS 


I ON DON lias grown to be the capital of 
^ the most marvellous Empire the world 
has ever known — the centre of the Imperial 
Government, the cradle of liberty, and the 
place from which the finances of' the w'orld 
arc influenced, if not controlled. 

London possesses the great advantage 
that as the capital of tlie Empire it is 
acknowledged to represent all that Empire’s 
virtues. For centuries the word of an 
Englishman has been as good as his bond, 
and this reputation gives London the fore- 
most place amongst the capitals of the 
world. We do not doubt that for integrity 
and honesty the metropolis is ecpuilled by 
the merchants of Manchester, Glasgow. 
Javerpool. and other great cities in the 
United Kingdom, but the foreigner can 
only think of London because it is the 
capital, and therefore to London he first 
ascribes that faculty for s(tu|)u1ous trading 
and rigid honesty which is also character- 
istic of the nation. 

London’s supremacy is based upon the 
fact that it is the centre of the world’s 
trade. To begin with, London is the 
export focus of the world. By that I mean 
that the metropolis, as the result of 
hundreds of years of trading, has gained 
the confidence of the whole world, so that 
goods which come from it bear the London 
mark, acknowledged as the London 
guarantee, and as such are accepted by 
traders all over the globe. To be sure 
London does not fix the price of every- 
thing — cotton is a notable case in point — 
but experience has proved that to do a big 
business the firm concerned must have a 
London office, while the fact that this is a 
free-trade country gives the port of London 
an added attraction in the eyes of the 
foreigner. Millions of pounds’ worth of 
goods are sent to London to be, in turn, 
exported to other countries, and, of 
course, London benefits in many ways. 
There are such things as insurance, 
brokerage, shipping, and bills of exchange, 
from which London draws its money and 
increases its employment. All these 
things go to consolidate the prestige and 
position of the metropolis. 


(3f course, London’s great position is 
primarily due to the long start we had of 
other nations. The perfect system we have 
of dealing with bills of exchange, the 
financial supremacy of the Bank of 
England, and, indeed, our banking facili- 
ties in general, are the result of centuries 
of work and experience. These advantages 
5ire placed at the disposal of anybody who 
cares to come to London, and we know 
that they do come in their thousands. 

America has found in I.ondon the only 
centre from which to ('reatc a world-trade 
of its own. Even when dealing with the 
South American Republics, the leading 
business men of the United States have 
had to start offices in London in order to 
increase and develop their export trade. 
This may seem rather remarkable to the 
man in the street, but the explanation is 
simple. In doing a large export trade cash 
is seldom used, bills of exchange taking 
their plac(\ Now the South American 
ticider knows nothing of the credit of firms 
operating in North America, and in turn 
they know nothing about him. But both 
parties want to trade, and while one wants 
cash the other requires credit. In their 
dilemma they must have recourse to bills 
of exchange, and for this they must take 
advantage of London’s perfect organisa- 
tion as well as London’s credit and 
financial standing. A London bill of 
exchange can travel round the world and 
practically pass for currency all the time. 
Thus it is necessary for any firm to get the 
advantage of London’s reputation to open 
an office in the metropolis. 

A bill of exchange is a complicated 
matter and not easy to explain to the lay 
mind, but I will take a case in ^int and 
use it as an illustration. We will suppose 
that a firm in Chicago buys a thousand 
pounds’ worth of goods for a customer in 
England. The goods are shipped, and the 
Chicago firm gets its bill of lading from the 
shipper. Now as some weeks must pass 
before the English customer gets his goods, 
the Chicago firm would have to wait for the 
money were it not for the bill of exchange. 
The Chicago firm, therefore, draws up 
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a bill of exchange on London in the name 
of the English customer, payable in three 
months, and along with the bill of lading 
takes it to its own bank, where, in exchange, 
it receives in cash the price of its goods 
which it has shipped to England. The bill 
of exchange reaches a London bank in due 
course, and the latter gets the English 
customer to endorse it, thereby promising 
to pay it when it becomes due. In return 
lor this endorsement the bank hands him 
the original bill of lading, and he gets his 
goods on arrival. If the bank takes the 
view that the Englishman is not in a 
position to pay for tlie goods, it retains the 
bill of lading and secures the g(3ods lor 
itself, eventually selling them. Of course 
this very seldom happens, and every 
business day throughout the year a vast 
quantity of tlie world’s merchandise is 
handed over without any actual payment. 
A bill of exchange on London may be 
drawm up in South America on goods 
shipped from New York to Liverpool or 
Bradford. The goods may never nxicli 
London, but the lull ol excliange - that is, 
the money— must, for l.ondon’s credit is 
the best in the world, and traders in every 
part of it have agreed on London as their 
centre. It is a wonderful thing, and one of 
which every Englishman sliould be proud, 

I ha^'e explained the bill of excliaiige at 
length because it plays such an important 
ancl vital part in tlie business of London. 
The business of the world is done in 
cheques and credit — not in gold — and as 
London is not the product of a few days 
or years, but the development of centuries, 
it leads the way. 

Another aspect of London which helps 
to explain its supremacy is its great lending 
and borrowing capacity. When New York, 
Paris, and Berlin fail. London comes to 
the rescue. The big promoters come to 
London with their brains teeming with 
gigantic scheines, and it is in London that 
they find the necessary money to develop 
these. British capital maintains Canada, 
it is responsible for many of the most 
successful enterprises in the great countries 
of the world, and invariably the head- 
quarters of the lenders of the money have 
London for an address. When the Ihiited 
Kingdom wishes to speak to the world, or 
deal with it, London is the mouthpiece and 
the agent. Weaker nations anxious for 
more money send to London for it, and if 
thej^.want money from others they 
tfie influence of Ldndon to get it In this 


way every year hundreds of millions of 
pounds arc invested by Londoners in the 
enterprises of the world. 

Life insurance and fire insurance — two 
of the most vital of commercial enterprises 

-owe their birth to London. The slow 
growth of centuries is today seen in the 
j)erfect organisation and the world-wide 
integrity of our insurance companies. They 
have been tested severely along with the 
insurance companies of other countries, 
and the result has been to enhance further 
their supremacy. Take the great San 
Francisco earthquake and iin*. It is 
admitted that the London insurance 
companies, by their liberality and prompt- 
ness of payment, completely \indicated 
themseh’cs and proved that their suprem- 
acy was no mere paper statement. Other 
insurance bodic's looked for quibbles in 
contracts, threatened litigation and carried 
out their threats, some even declined to 
pay, but I.ond(m made only the usual 
inquiries, admitted its claims, and paid on 
the spot. Something similar happened in 
the case of the Jamaica earthquake and 
lire. Wliere the insurants* companies of 
America, (jermany, and France failed. 
LoikIoii succeeded. Is it any wonder then 
that, wlu'never there is a ])lac(' oi a lih' to 
be insured. London is thought of first*? 
It is our R'putation for fair dealing, our 
hatred of deceit, our hoiu'sty of purposi*. 
that have given Britisli trade tlie hall- 
mark of security and lias gained for it the 
coiilidenei' of the whole world. 

The fixing of the price of the w^orld’s 
commodities is anothv V of Londuids pre- 
rogativi'S. When the business pioneers 
burrow' into the interior of Africa or Asia 
and barter goods for the merchandise of 
the. natives, it is not New York, Paris, or 
Berlin wdiich settles wliat the eiitiTprising 
traders can charge for their goods. London 
secs to that, for London is the gatew’ay 
through wdiich the goods of the earth j)ass. 
and at that gateway are the men who say 
what value ivory, diamonds, gold, tin' 
newest thing in the W'ay of time-saving 
machinery, and scores of other articles 
arc w'orth in black and wdiite. They are 
the experts wlio know how to reduci' evi'iA' 
article of commerce to figures on a bill ol 
exchange. Again London is indebted to 
its forefathers, the men w'ho made it. 

While all the products of the earth are 
passing through London very little money 
is used. Money is only a token, the real 
money is the actual merchandise. London • 
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nicrcliants trust one another with thous- 
ands of pounds* worth of goods, for credit 
is the very life of commerce. The many 
long-established liouses in the metropolis 
whose histories go to make the history of 
London are worthy of the confidence and 
respect of the world. They stand for 
London, and London stands by them. 
How often do we hear the proverb, The 
word of an Englishman is as good as his 
bond.” This is no light saying ; it is real, 
solid truth. Every day in the City hundreds 
of thousands of pounds change hands with 
no other acknowledgement than a few 
spoken words. Merchants trust each other ; 
loans are made on the spur of the moment, 
ratified by word of mouth. There is no time 
for formal receipts ; everybody is too busv. 

The supremacy of England upon the 
seas is reflected in the returns of merchant 
ships. We own more sea-going craft than 
all the other countries of tlic world put 
together, and so it is not to be wondered 
at that the metropolis is the greatest of 
shipping centres. Rivals grow and de- 
velop, but London, big as it is, is develop- 
ing, too. Experts maintain that this >ea 
supremacy has arisen out of the perfection 
of our banking system, and they are right. 
Without the backing of London s wealth, 
these thousands of ships could not sail 
the oceans of the world. Great Britain 
forms the largest trading centre in the 
world ; it is the biggest business, and, 
therefore, the ships of the world come to 
its ports, bringing merchandise and taking 
it away. And London, as the capital, 
attracts the majority of the ships, making 
the tonnage of its port the greatest in the 
world at the present day. 

Everything is to be found in London. 
It is a fact well known in business that the 
world sends to London when it wants 
anything in particular. American and 
Continental linns issue lavish catalogues 
inviting customers to send for samples or 
to order the goods. In live cases out of six 
the merchant has to send to London in 
order to satisfy the demands of his 
customers. London is the centre, the very 
heart of the world*s trade. 

It is a common saying that London is 
the middleman of the world — in other 
words, that it does not manufacture ; it 
only sells. This is a mistake, although as 
middleman the metropolis is unsurpassed. 
London is a great manufacturing city. 
Densely populated as it is, and spread 
over so largo an area, its factories and 
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workshops are not so noticeable as the 
factories of Leeds, Bradford, and other 
great manufacturing cities, but all the 
same, London ranks high as a manufac- 
turer. although its supremacy is not due 
to this. It is significant that many classes 
of London-made goods carry with them a 
prestige no other British merchandise 
enjoy. To the foreign mind London, as 
the scat of the government and the centre 
of the Empire’s finances, must represent 
the best, must be, in fact, the best. That 
is wh}' our manufactures go to the farthest 
corners of the earth and by their cpiality 
Iielp to maintain London’s supremacy. 

The London Stock Exchange is another 
of om* institutions which have served for 
models to less favoured nations. Its 
procedure and rules have been copied by 
every oth(‘r Stock Exchange, and although 
the younger exclianges are making rapid 
headway, tin* pri'stigc and position of 
i.ondon’s remain undiminislicd. Nowa- 
days, Wall Street and the Paris and Berlin 
Bourses have I'onsidcrablc influence on the 
finances of tlu* world, but when all is said 
and done London rules the settling. 
Crises come and go ‘ there arc commercial 
iiplu'avals, ])anics, failures, and a thousand 
other ills to which the business of the world 
is h(‘ir, but the London Stock Exchange 
emerges untarnished. The reason is simple. 
The committee of the Stock Exchange 
require absolute obedience to their rules, 
lamourablc dealing is enforced, and every 
member must meet his obligations, while 
the rule prohibiting advertising, though it 
may seem conservative and out .of date, 
at any rate serves to make foreigners 
regard membership of the London Stack 
Exchange as something of wjiich to be 
proud.. The New York Exchange man 
may advertise and, of course, he thinks his 
British confrere ought to do the same, but 
in his heart he admires that British reserve 
which (‘nables the Stock Exchange to 
maintain its hold on the imagination of 
the people and at the same time earn their 
confidence and trust. 

It is a conglomeration of all these great 
interests that places London first. When 
we consider the whole subject it is, indeed, 
remarkable that in every branch or 
division of business London is supreme. 
One might imagine that with the rapid 
development of the younger nations this 
great capital of ours might be overtaken 
and passed in certain departments of 
human activity, yet such is not the case. 
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As the years go by, London socmiis to were developing London was an ancient 
tighten its grip on tlie world. It continues city. Spain and Portugal had had their 
to draw toward it all the leading men of day as the principal dealers in tlic world’s 
the earth. And certainly the long start we merchandise, but Madrid and Lisbon 
have had is a tremendous advantage. In proved unequal to the strain. They had 
the old days London merchants supplied their chamv, maintained a sort of suprem- 
money for the wars of kings, and as the acy for a tim(', but (iventiially liad to gWr 
monarchs realised that they could not way before the great pi{meers of Englanrl. 
conduct their expensive military campaigns How often are we told that London 
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without the aid of London, the latter grew 
in importance, slowly realising the truth 
that money is the sinews of war. The 
merchants thereupon gained advantages, 
privileges, and charters for themselves 
and their city, and in time built up a great 
and powerful London. When America 
came irito being London had centuries of 
work and progress behind it ; when France, 
Geimany, Russia, and the other nations 


represents an effete civilisation ; tJiat it is 
out of date, that its younger rivals are 
rapidly overhauling it ? Tlicse arc men* 
parrot-cries with no j usti heat ion. 1 he mer- 
chants of London, even their very office^ 
1x)ys, are the descendants of a long line ol 
workers who form a continuous corporation 
since the dayi? of King Alfred, flic effi- 
ciency of London is greater today than ever. 
^ T. VKZET STRONG 
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The Divisibility of Matter. Kinetic Theory of Gases. Mole- 
cular Forces. Capillarity, Viscosity, and Other Properties. 

THE PROPERTIES OF MATTER 


I N previous chapters wo have noted some of the 
fundamental j)roperties of matter. We have 
mentioned extensum, or the property of occupying 
space ; we have also explained the projierty of 
inertia. We have also referred to the projTcrty 
which is called m penetrability — a rather stupid 
and misleading name. It does not mean that 
tea cannot penetrate into a lump of sugar, 
but simply that where the particles of sugar are 
the particles of ten cannot also be. This character 
of matter was also referred to in our second 
chapter, and we showed how' diflicult it is to be 
consistent in our ideas on thi.s point when we 
come to compare them with the new theory of 
matter, (bily a few' years ago it was po.ssible 
to say that impenetrability is a self-evident 
property of jnalter, just as it seems self-evident 
that matter is that which occupies .space, yet 
both extension and iinpc'netrability, as properties 
of matter, an* now' undergoing grave cri<i(a‘<m. 

Ultimafe Divisibility of Matter. Now 

w'o must consider another fundamental property 
of matter, the ])r(^perty of dirisihilHy. In eon- 
.sidering this property we find ourselves at once 
in difficulty. In how' far is matter divisible ? 
Someone suhmit.s to us, let us say, a specimen 
of pure hydrogen ; in theory we divide it and 
divide it until we reach its ultimate molecules, 
each of which consists of two atoms of hydrogen. 
Therefore, in theory, we divide the molecules 
into atoms, the sinalle.st particles of matter, as 
w'e know it, that can exist. But in imagination 
we can conceive of the possibility of dividing even 
an atom ; and, indeed, we now know’ that an 
atom is really a com{)ound body made up of a 
number of electrons. It is believed that these 
electrons are absolutely the units of matter. 
But W'O have asserted that divisibility is a pro- 
perty of matter; are we not then entitled to 
declare that even electrons can be divided ? 

The Problem of the Electron. How- 
ever small We coiueive an electron to be, 
yet it really has a material existence ; we cannot 
conceive that a sufficiently delicate knife might 
not chop it in half ; yot, as we have already nottHi, 
it is more than doubtful whether the existence of 
the electron is a material existence at all ; it is in 
all probability an electrical existence. In the 
last resort, therefore, we are compelled to 
abandon the assertion which has been so long 
maintained — that divisibility is a fundamental 
proj)erty of matter. We have not really added 
to our difficulties, however, but have simplified 
them. On the old view' that divisibility is an 
essential property of matter, we were landed 
in alternate absurdities. On the one hand, we 
could not conceive of any particle of matter so 
small that it could not be divided, and yet if 
we imagined the process of division to go on 


for ever and ever, we found ourselves in a 
difficulty just as great. But it seems to the 
j)resent waiter quite clear that tlie new theory 
of matter has disposed of this old conundrum 
which has puzzled men’s minds for centuries. 
It is true that matter, as we know^ it, has the 
])ro]Terty of divisibility, but when wo reduce 
matter to its ultimate units we find that all 
our ordinary ideas are inapplicable. 

Matter Dematerial ised. These ultimate 
units are found not to have any material exist- 
ence at all, but to he manifastations of energy. 
Now', it is meaningless to talk of energy occupy- 
ing space; it is meaningless to talk of energy 
being impenetrable ; and it is still more meaning- 
less to talk of cnoigy being divisible, as if 
we eould taki* a piece of energy in our hand 
and cut it in half. When, therefore, wc 
come to study what have long been culled the 
fundamental propcrtie.s of matter, in the light 
of the work of the bust fifteen — especially the last 
few — years we find that these so-called funda- 
mental ])roperties are not fundamental, and that 
we reach a stage in our analysis of matter wlien 
they simply cease to have any moaning. We 
hesitate to use a word which has been em- 
ployed by spiritualists and all sorts of spiritual- 
i.stic (juacks ; but tlic fact is that, as a French 
ob.server has said, modern ])hysic.s has accom- 
plished the (iematerialisation of matter, and 
having revealed it as something w'hioh is ulti- 
mately not material at all, has compelled us to 
modify all our old a.«*sertioiis as to w'hat we 
u.sed to call its fundamental properties. 

Molecules, heaving now these exceedingly 
difficult and subtle (jucstions, let us now pass on 
to consider the behaviour of molecules in general, 
not the behaviour of a molecule of water as dis- 
tinguished from a molecule of, say, sulphuric 
acid — that would be more properly a chemical 
(juestion — but Avith the behaviour AAhich is com- 
mon to all molecules, no matter what their 
chemical composition may be. 

Nothing Is at Rest. Of the profoundest 
importance from every point of view — physical, 
chemical, and philosophical — is the fact that all 
molecules are in movement. This is ^fact upon 
u'hich all students of the matter are agreed. 
In our previous chapters avo have spoken of 
molar forces and properties ; we have discussed 
motion and the laws of motion. As these words 
lie before us on the table they are at rest — the 
pages w'ill not move unless something moves 
them ; but if wc could see the molecules of the 
pages wc would find them to be all in active 
motion. Consider any mass of matter, such 
as a billiard-ball, and it may be at rest as a 
Whole or in motion as a whole ; these are molar 
rest and molar motion. .But in all the matter 
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that we know there is no such thing as niolocuLor 
rest ; there is nothing but incessant molecular 
motion. The molecules that go to make up the 
ivory of the billiard-ball are in incessant motion 
among themselves, no matter whetluT the 
billiard-ball, as a whole, is moving or at rest. 
Now, when we have completed our discussion 
of the properties of matter, we are going to 
consider the great subject of hmt, and we shall 
lind that this property, molecular movement, 
is of the very first importance in relation to the 
whole subject of heat. No one can ])ossibly 
understand heat, or the great physical truths 
to which th(^ study of heat has led us, without 
having a clear understanding that wherever 
there is matter there is motion. Indeed, we 
shall not have proceeded far in our study of 
heat before Ave diseover that A\hat we call heat 
is none other than molecular motion. 

Molecular Motion of Gases. First of 
all, let us consider matter in that physical state 
which Avo call gaseous. The molecules of a ga,s 
arc in a state of a mneh freer and more rapid 
motion than the moIecul(‘s of a li(juid or a solid. 
In a previous c!haj>ter avo hav(^ discussed .some* 
a.sf)eets of the fact called fluid pressure. We 
have seen that those Iluids knoAvn as gases always 
completely till any space in which they may he* 
enclosed. In this respect they differ profoundly 
from the fluids called liepiids and from solids. 
If is believed, for the most execllcnl reasons of 
many kinds, that the characters of a gas, it.s 
pressure, the relation of its pressure to its 
temperature; and its volume (previously de- 
seuibed as Foyle's Law), and it.s behaviour in 
completely filling any space in which it is 
cncloseHl are con.^ecpicnces, one and all. of the 
molecular movement in the ga.s. We have to 
rcLuird the molecides of eveiy gas as rushing 
violently about in one direction anel an<)the*r, 
often striking one another oi* rebounding from the 
sides of any vessel that encloses t hem. We must 
bcAvarc, hoAvcAxr, of forgetting Newton’s law of 
motion. VV’'c must not conceive of the molecules 
of a gas as changing the direction of their motion 
at their own sweet Avill ; they have to obey the 
hiAv of inertia, and their movements and the 
course of the direction of their movements are 
determined by forces outside them. If a mole- 
cule of a gas moving onward changes the 
direction of its motion, that is because it has 
collided Avith another molecaile or Avith some 
solid body, such as the side of a vessel, or because 
some neAv force has been impressed upon it. 

Kinetic Theory of Gases. Noav avc 
must look further into this question of moliicular 
motion in a gas. All the facts that physicists have 
observed have led them to frame w'hat is known 
as the Jd'netic theory oj gases. The kinetic theory 
of gases asserts that the molecules of a gas are in 
constant movement, Avhich is of the kind we 
defined in an earlier cha}»ter as movement of 
translation — that is to say, not movdnent of 
rotation in one pjacc, but movement, as a 
whole, from one place to another place. This 
movement of translation implies the possession 
of kinetic energy^ fey the molecules of the gas ; 
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and it is further asserted by this theory that the 
degree of this kinetic energy depends upon the 
amount of h<*at in the gas. Indeed, the amount 
of heal in the gas is the amount of kinetic 
energy of its molecules. In other Avords, the heat 
of the ga,s and the molecular motion of the gas 
are one and the same thing. Hence the total 
((uantily of heat in a given nuiss of gas will 
con.sist of the sum of the kinetic energy of all the 
mok'ciiles that are contained in it. Further, 
the kinetic theory of gases helps us to understand 
the pressure of any gas or mixture of gases. 

The Kinetic Theory and Gaseous 
Pressure. The pnvssurc of a gas must he 
regarded as the eonsecpjence of the ceaseless 
bombardment of the surfacres which enclose that 
gas by its molecules. The ])ressure of the gas Avill 
vary, and indeed does A^ary, in accordance Avith 
this theory. For instance, if Ave tliminish the 
density of the gas — that is to say, the number of 
molecules in a given volume of it — Ave diminish 
its pressure. This must he so, simply beeausc* 
there are fewer molecules to exercise that 
bombardment of which avc ha\e sj)okcn, and 
upon which \vc have asserted the pressure of the 
gas to depend. Again, the })ressiire of the gas 
Avill diminish if Ave lower its temperature, and 
Avill increase if we raise its tomperaturo. These 
facts are readily explained by the kinetic theory 
of gases, for Avhen avc loAAer the temf)erature of a 
gas Ave lessen the amount of heat in it — that is to 
say, Ave reduce the aniount of molecular motion 
in it, or the aniount of kinetic energy which its 
molecules possess ; the pressure of tlie gas is 
reduced because the vigour of tlie bombardment 
is less. Himilarly, when the temperature of the 
gas is raise<l there is more heat in if — that is to 
say, there is more molecular motion, more' 
kinetic energy, a more vigorous bombardment, 
and therefore an increase of [)re8surc. 

The ** Free Path *’ of a Molecule. 

Much attention has been paid to the actual 
speed with Avhieh the molecules of a gas move ; 
it varies very widely in the case of different 
gases. At a temperature of O'’ C. the average 
s|3ee(l at which the molecules of hydrogen gas 
move is considerably more than one mile per 
second. The molecules of oyxgen gas at the 
same tem])erature — molecules which, as the 
student on the course of chemistry will re- 
member, have a mass Ifi times greater than the 
molecules of hydrogen— have a s|)ced one- 
fourth of that of the hydrogen molecules. 

We have stated that a molecule of hydrogen at 
the temperature of the freezing ])oint of a\ atcr 
Avould move considerably more than a mile in one 
second ; but Ave must remember that it is sur- 
rounded by a host of other molecules with whi(‘h 
it must often collide. Hence then* aiises this 
very interesting (juestion; In any given g;is, at 
any given temperature and pressure. Avhat is the 
average actual distance through svhich a moleciilc 
can move before it strikes against another 
molecule and has its course changed ? Ihis 
average, or mean distance, is techni(;ally knoAvn 
as the mean fret 'path of a molecule. Plainly, the 
•more dense the gas be— that is to say, the more 
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its molecules l>e crowded together — the shorter 
is the distance which the molecule can expect 
to travel in a straight lino without, so to speak, 
bumping up against another molecule. Now*, 
it is stated that in the case of the molecules 
that go to form the gases of the air within the 
ordinary limits of the atmospheric pressure 
and temperature, the mean free path must bo 
exc?eedingly short, amounting to perhaps about 
KKK) times the incredibly minute diameter of a 
molecule. The number of collisions which any 
molecule must undergo in a second under such 
(ionditions must be almost immeasurable. If, 
however, we considc'.r the molecules of the gases 
of thetair that arc present in the so-called vacuum 
of an ordinary incandescent electric lamp, we 
find that the proportion of molecules to the apace 
they occupy is so small that, were it not for 
striking against the glass itself, each moleciih' 
W'ould have a mean free path of more than .‘10 ft. 

No Cohesion in Gases. Now let us con- 
sider tlie physical state of a gas and contrast 
it with the physical state of li((uids and solids. 
If we move one end of a stick, the other end 
moves also — a most remarkable and wonderfid 
fact, though it is such a common case that few 
of us have ever thoiiglit about it. But when we 
do come to think about it w e see that there must 


w*e may be absolutely certain that there is 
abundant molecular motion, and we must 
inquire into the differences between molecular 
motion in the case of a liquid and the case of 
a gas. But first of all let us notice a most im- 
portant consideration, which will reappear 
when we come to consider the contrast between 
a liquid and a solid. 

We are accustomed to speak and think as if 
there were throe states of matter — solid, liquid, 
and gaseous — tho distinctions between them 
being absolute. But, of course, wc cannot forget 
the fact that there are many solids, such as pitch, 
wdiich pass by continuous stages. from the solid 
to the liquid state. This, and many similar 
facts, together with our philosophical belief 
that Nature is not broken but continuous, and 
together with tho conceptions which we must 
form as to w'hat happens dhring tho gradual 
process of evaporation of a liquid, or liquefaction 
of a gas or solidification of a liijuid — all theses 
considerations lead us to the very important 
conclusion that the transitions of ice, for instance, 
to the state of liquid water, and then to the state 
of w*alor vapour, are absolutely continuous. 

Transition from Solid to Gaseous. 

We are compelled to believe that all tho stages 
between the solid and the gaseous state, which 
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bo some intimate relation botw eon tho molecules 
of the stick, so that when one end of the stick 
is tou<;hed sotnething is traiismittod which 
compels the other end of the si ick to move also. 

This property of the molecules of the stick we 
will call cohesion, and the first point to note 
about the physical state of any gas is that it.s 
molecules have no cohesion. They are absolutely 
independent of one another save for tho fact 
that they are aj)t to interfere with one another 
by means of collisions ; but it is evident that of 
cohesion-— as tho molecules of the stick have 
cohesion — they possess not a trjico. In fact, 
then, the physical state of a gas, as compared 
with the physical state of a liquid or solid, is 
relatively simple. We have merely to conceive 
of the gas as consisting of a number of inde- 
pendent molecules, each possessed of energy of 
motion, or kinetic energy, in virtue of which it 
flies onward in a straight line until it strikes 
something which sets it on a new' course in 
another straight line, and so on indefinitely. 
There is no cohesion between tho molecules: 
and though we must believe that gravitation acts 
between them, there is no molecular aUraction. 

Molecular Motion of Liquids. Let us 

turn to considi^r the case of a liquid and tho 
peculiaritidi of its physical state. Here, again, 
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our reason comi^els us to assume, do really exist. 
Tho fact merely is that, as a rule, certain of 
these stage.s, such as tho stages betw eon ice and 
liquid water, are so rapidly passed through 
that unless very careful experiments are made 
for tho purf)ose \ve fail to observe them. But 
the new’^ science of physical chemistry has devoted 
much attention to this subject ; and as the years 
go on wo constantly become more and more 
certain that the so-callcd three states of matter 
represent not states that are absolutely distinct 
from ono another, but states which are con- 
tinuously connected by an unbroken series of 
gradations, certain of which happen tp be very 
inconspicuous or so rapidly passed thfSugh that 
in the ctise of the majority of substances and 
under ordinary conditions we fail to observe them. 

The Liquefaction of Water Vapour. 

Having insisted on this most important point, 
let us see what happens when a gas is liquefied. 
Let us consider tho most familiar instance, 
which is that of water vapour or gaseous water. 
Tho use of the words gas and vapour is merely 
a matter of somewhat doubtful convenience, 
the word gas being applied to substances which 
are most familiar to us in the gaseous state, and 
the w’ord vapour to substances in gaseous form 
w'liich, however, are most familiar to us either 
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as liquids or as solids. If, then, uc ronsidcr 
the case of water vapour, we may ask what 
must happen when a given mass of water 
vapour is subjected to an increasing j)ressure ? 
We will assume that the temperature remains 
the same, else our problem is complicated. As 
the water vapour is compressed, its molecuit\s 
become crowded more and more together, until 
at last w'c may imagine that a point is reached 
when a certain number of molecules would 
become so crowded that the force called mole- 
cular attraction would be able to assert itself 
between them and their neighbours. The 
excellent illustration has been given of the ca.'^e 
of some planet or comet conceived to be wan- 
dering through space in a free ])ath. P»y chance 
it comes Avithin a certain distance of some 
other body, such as the sun, and gravitational 
attraction asserts itself to su(;h an extent that 
the wanderer loses its freedom of movement 
and is compelled to enter into a special relation 
with the attract iiig body — such, for in.stance, 
a» the relation which the earth holds to the 
sun as she tiavels round him. Now, something 
like that happens when the water va])onr 
wo are considering is comprcsswl beyond a 
(ortain point. 

Molecular Attraction. In t I k* case of a 
molecule here and a molecule I here, and gradually 
in the case of more and more molecules, the forces 
of molecular attraction, w hatever that really juay 
be, couies to assert itself, and a new' state of 
affairs is gradually sot up, in which the water 
vapour gradually loses the character of a gas 
and assumes the character of a licpiid. We must 
thus believe that the molecules of a li(piid liave 
become entangled with eacli other in the same 
sense as the earth is entangled with the mui. 

Previously they wore able to move in any 
direction, and had so much kinetic energy of 
their own that they could even fly ujiward, 
notwithstanding the force of the earth’s attrac- 
tion. But now they have lost their momentum 
and have establishcnl a new relation Avith each 
other. Gradually the process of liquefaction 
continues, in accordance Avith the fussortion Ave 
haA^e already made that the transition from the 
gaseous to the licpiid state is gradual and con- 
tinuous. When the total volinnc of A\atcr 
vapour has been sufficiently reduced, we find that 
it is no longer Avater vapour, but liquid Avatcr. 

A Possible Electrical Phenomenon. 
Exactly the same results as have been achieved 
by increasing the pressure without alteration of 
the temperature Avoiild also have been achieved by 
reducing the temperature — that is to say, by 
reducing the amount of kinetic energy in the 
molecules — even though wc htul not subjected 
the w^ater vapour to any increase of pressure. 

How, then, are Ave to conceive the physical 
state of a liquid, and what is the nature of the 
motion of its molecules ? They are no longer 
moving in free paths, long or short ; the force 
of molecular attraction has been asserted, and 
the molecules are probably moving in com- 
plicate orbits round each other at a speed 
which, though very great, is less than the speed 


at Avhich they formerly mov'cd Avhen enjoying 
the comjilete mutual indef)cndenee possessed 
by the molecules of a gas. Well indeed it w^ould 
l)e if we could noAv exf)lain the exact nature of 
this force Avhieh we call molecular attraction, 
ritimatcly, no doubt, it will be shoAvn to be an 
electrical ])henomenon, but that time is not yet. 

The Process^ of Freezing. Precisely the 
same change of conditions as turned the Avater 
A'apour into li(pii<l water will, if made more 
marked, yield us ice in its place. The essential 
differeneo l)etAve(‘n the solid and the liquid states 
is that the solirl is posHoss(*d of loss molecular 
motion than the licpiid, so that the forces of 
moleeular attraction are eiiahh'd still further to 
assert themselves. Let us turn to the illustra- 
tirm from astronomy. What would happen at 
this momenc if the kinetic eneigy of the earth 
in its orbit Avas reiluced or eompl(?t(‘ly removed ? 
In the lirst instance gradually, by a sort of 
narrowing spiral, and in tlie second instance 
immediately, by motion in a straight line, it 
A\ould tall into tlie sun. A process exactly 
parallel to this is A\hat liappcns where, by 
ahstiw'ting heat from licpiid water — heat being 
none other than a form of kinetic energy — a\c 
reduce the kinetic energy of its molecules to 
such an extent that moleeular attraction asserts 
itself still flirt hc*r, and their orbital motion 
around one anothc'r ceases. 1’he consecjuence 
Avill be that the molecules come closely together, 
so closely that they cohere; and if wo move one 
end of (iio block of ice that is formed, the other 
erul, in virtue of this cohesion, will move also. 

Molecular Motion of Solids. Are Ave 
to regard the motion of thc^ molecules in the 
solid so formed as having ceased ? JMost 
assuredly not. Though the kinetic energy of 
the molecules Ihos been .‘o much reduced that 
they can neither tly about independently of 
each other as in a gas, nor yet revoke in orbits 
round each other as in a licpiid, y(‘t some kinetic 
energy still remains to them. Much heat has 
been abstracted from the Avater, but by no 
means all. There are many c-older things than 
ice, Hiul all ice is not at the same tcnqicrature. 
J’robably Ave must regard the molecular motion 
of such a solid as ice as consisting of a to-and-fro 
or vibratory motion of pairs or groups of inolc- 
eules. Pray observe the use of the Avord groujis. 
For consider Avhat is really the physical state of 
ice, Avhic.h consists of crystals. These ciystals 
must consist, in their turn, of regularly arranged 
groups of molecules, harmoniously vibrating 
Avith one another. The jirccise manner of their 
vibration Avill determine, we must suppose, the 
shape and size and other eharaeters of the 
ciystals of ice or any other substance. 

The Result of Solidification. It is 
scarcely necessary again to insist that, as in 
the previous ease, the process of solidification is 
a gradual one — first one molecule and then 
another being so far deprived of its kinetic 
energy, as heat is abstracted from the mass, 
that it can no longer maintain its orbital motion. 
But suppose that the process has been com- 
pleted and that the whole mass is now solid, and 
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suppose that we continue the process of reducing 
the temperature, and thus remove still more 
energy of motion or kinetic energy from the 
molecules of the ice. The result will be that 
their vibrations or to-and-fro movements w^ill 
become less extensive, and the ice will shrink 
or contract. It is the general rule that when 
a body is heated it expands, and that when 
it is cooled it contracts. These facts can readily 
be cxplaintxl on the theory of molecular motion : 
as heat, kinetic energy, motion, continues to be 
removed from the ice, it continues to shrink 
more and more, thus showing that its volume — 
the very space it occupies — is detormiued, 
partly at any rate, by the motion of its mole- 
cules. What will happen next ? 

The Coldest Cold. This is a fascinating 
and most important question. Suppose that 
we go on abstracting heat or molecular motion 
from any body, wo must ultimately reach a 
point 'N\'hen there is no more heat or molecular 
motion in it — that is to say, when its molecular 
motion has been absolutely abolished, Such 
a body, and such a body only, would be a}>so- 
lutcly cold, being destitute of all heat or mole- 
cular motion. But the study of this great 
question must be deferred for the present, until 
we have made a further study of the facts of 
heat. For the moment it will serve, perhaps, 
to keep alive the reader’s interest in this subject 
if wo say that the absolute zero of ter.q>eraturo 
has never yet been reached by anyone, and that 
it seems more than probable that the attempt 
to reduce any substance, even frozen hydrogen, 
to this ultimate depth of cold must for ever 
fail. As to the aspects which matter would 
present if deprived of all its molecular mol ion 
no one will dare }) 08 itivoly to say; but this we 
consider at a later stage. 

Molecular Forces in Detail, rerhaps 
the reader may be apt to think that molecular 
forces, because they are displayed in exceed- 
ingly small bodies, can have no very great 
magnitude. But that would be a very great 
mistake. I^ct him consider, for instance, the 
strain to which steel is exposed in many of its 
industrial applicuitious ; let him consider the 
number of tons which a steel wire will support — 
yet what is it but molecular attraction that 
keeps together the molecules of steel, even 
though such a tremendous strain is put upon 
them, endeavouring to pull them apart ? We 
must clearly understand that though molecular 
forces act only at very minute distances, yet 
within those distances their power is gigantic. 
Gravitation, which we so constantly think of as 
tremendously powerful, is almost a negligible 
quantity when it is pitted against molecular 
attraction. When a great weight is supported 
by a steel wire it is evident that, if we consider 
any level in that wire, the molecular forces of that 
level are sufficient to more than counteract the 
weight — that is to say, the expression of gravita- 
tion — of ^1 the mass of wire below that level and 
of the body that hangs at the end of it. Wo liave 
chosen solids for our illustrations because it is 
in them ll^t the molecular forces are so power- 
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ful, but the molecular forces are very far from 
btdng negligible in many liquids. 

Surface Tension. Every reader is 
familiar with the fact that a tumbler may be 
filled with water so full that the surface of the 
water is visible higher than the edge of the 
tumbler, yet the water does not run over ; 
though, if the finger be applied to the edge of the 
tumbler and the surface of the water be thus 
broken, some of it will nm over the edge of the 
glass at the point where the finger wiis applied. 
This fact is a familiar illustration of the result 
of molecular attraction as it exists at the surface 
of a liquid. The technical name for it is surface 
iension, and its power may be measured by 
mca,suring the force which can be applied in 
such a way as to cut the surface of a liquid, 
but which, in virtue of surface tension, fails to 
do so. A thoroughly well greased needle, very 
gently placed on a still surface of water, will 
form a groove for itself, and lie on it without 
sinking. Now, how arc we to explain this fact 
of surface tension ? Why does the surface of 
the liquid look as though it were covered with 
an elastic skin made of the same stuff as itself ? 

The surface of the liquid is composed of a 
number of molecules, and these have the mutual 
relations which we Imve already described. 
Immediately above the free surface of the 
liquids, as in fhe case of the filled tumbler, 
there arc innumerable molecules that constitute 
the various gases of the air. 

Formation of Drops. Notv, if we con- 
sider any molecule of the liquid, we see that it 
is attached by, and held to, the other molecules 
that are around and below it, whereas, on the 
other hand, it is not at all attracted -or, at any 
rate, not in anything lik(5 the same degree — by 
t he gaseous molecules t hat arc above i t. 'This f ac t 
of surface tension explains not only the curved 
surfiice of water in a full tumbler, but also, 
for instance, the fact that when water slowly 
falls it does so in drops. The formation of 
these drops and their curved external surface 
depend upon the fact that all the molecules of 
the liquid are, so to speak, bound to one another, 
while no force from outside tends to counter- 
balance their mutual attractions. Hence the 
surface of the liquid takes the shape which has 
the smallest possible area. Gravitation to some 
extent complicates the matter, so that often the 
drop is not completely spherical, but bulges a 
little at its lowest point. This familiar fact of 
surface tension has its uses, for upon It depends 
the process of making shot, which is accom- 
plished by allowing a quantity of molten lead 
to fall through a sieve from a height into water. 
Gravitation in this case is negligible, and as the 
drops of lead fall and cool they solidify in the 
spherical shape which is imposed upon them by 
surface tension. 

Capillarity. This word is derived from 
the Latin name for a hair, and is applied to the 
facts which are observed when liquids are placed 
in very hair-like or slender tubes. As every one 
has noticed, if such a tube be dipped into water, 
the M'^ater will rise some distance in it. The 
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case is exactly similar with t('a, which will run 
u|) into a lump of sugar. Furthermore, the sur- 
face of the water in the tub(^ will be curved 
concave upward. If, now, a similar tube be 
di])ped intp meroury, the mercury within the 
tube will actually stand at a lower level than 
that outside it, and the sin-face of the mercury 
in the tube will b<? convex upward. Tlicse facts 
are all entirely depfuident upon tlu* same mole- 
cular attraction tliat we have already called 
sui-face tension. This fact of capillarity is of 
great imjiortaiice to the botanist, who finds in 
it a factor wdiich helps to detiu’mine the rise 
of the sap in a tree* - a ])roccss which, in some 
nu’asure, corn'spoiids to the circulation of the 
blood ill an animal. 

Viscosity and Compressibility. Vis- 
cosily is a property possessed in varying measure 
by all Huids, both liipiids and gases. In con- 
sideration of th(‘ physics of fluids, th<^ fact 
of their viscosity has to be ignored owing 
to the comjdications which it introduces ; and 
so we have to imagine what physicists call a 
ycrj'e.rl Jhn'df wdiieli has no viscosity that is to 
say, OIK' w’hicli in ])assing over any suifacc' exer- 
cises no force ufion it except that force jit right 
angles wliich w'e described under fluid pressure. 
'That fluids vary in their viscosity , 

(‘veryone know^s 1 vho has compared 
methylated sjiirits w'ith treaeh' ; 
both are fluids, yet how pro- 
foundly ditreroiit is their physical 
state! Compressibilify in anotlu'r 
occasional property of matter, the 
word being used to (les(;rib(‘ tlu* 
fact that when matter, liquid, 
gaseous, or solid, is sulqect. to 
pressure its volume is reduced, 
or may be rcdiurd. Reference has 
already b(‘en madii to the contrast 
between liquids and gases in this n'spoet, 
the former having for long been regarded as 
incompressible. We cannot now accept, how'- 
ever, the old division of fluids into compressible. 
Jlaids and incompressible fluids, names formerly 
applied to gases and liquids, as it is now know'U 
that liquids are not incompressible. When wo 
come to look into this property of matter, it is 
evident that it must depend upon a lack of 
continuity in the structure of matter that is to 
.‘-.ay, if all the space occupied by a given volume 
of any kind of matter, looked at as a w'hole, w'cro 
really filled every where by tlu^ minute particles 
constituting the mass, the mass would neces- 
sarily be incompressible. Hence we must con- 
clude that the com))Vcssibility of matter depends 
upon its discontinuous structure ; it is bettor 
not to say that it depends upon its porosity, for 
that term is better confined to describe the 
character of bodies, either liquids or solids, whose 
behaviour is such that their structure must be 
conceived as containing nuihberless pores or 
apertui'es or int(*rstices, into which other matter 
from without can enter. 

Cohesion of Matter. Cohesion is another 
property of matter to which considerable re- 
ference has alreatly been made. It is not worth 



while to draw any distinction such as has bc('n 
drawn between cohesion and adhesion. In con- 
sidering surface tension, wc are really considering 
a consequence of the same force as that which, 
when displayed in the interior of a body, is called 
cohesion, and this is, again, in reality the same 
force as that which is called adhesion, and is 
displayed between smootlily fitting surfaces of 
two bodies, such as mi'tal ])latcs when these are 
pressed closely together so as to squeeze out the 
air from bi'twccn them. 
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Hardness. Harduc v.v is anot her property of 
solid matter, and is usually expressf'd by means 
()f a scale that indicates, in order, a number 
of substances so arranged tluil the first can 
bo scratcbi'd by the second, the second by 
the third, and so forth, but not vici, versa. 
Ilavdiiess is not merely a n\attcr of dt-nsily of 
a .substance, nor docs it tle])end nu'rc'ly upon 
its chemical composition ; un(|Uc.stionably it 
depends upon molecular force's, and it is 
worth noting that it is oft(‘iv associated 
with brillleness. The scale of hardness invented 
by Von Mohs is as follows. 

1. Talc. This can be cut by tlic thumb-nail. 

2. Rock-salt, or sclcriiti'. 

X (‘alc-spar, or Iceland spar. 

4. h^luor-spar. This- can be cut 
by a stcol knife. 

Apatite, or asparagus stone, 
'riiis (.‘an be scratched by a 
knife. 

b. F('l-sj>ar — its ])urity lacing 
(‘ss(‘ntial. This can be scratebed 
only by the hardest steel. 

7. Roek crysfal, or quartz. 
Tliis is able to scratch glass or 
an ordinary steel knih-. 

5. Topaz. 

!K Sap|)hir('. 

10. Diamond, which is able to cut glass. 

Rigidity and Elasticity. Riyidity is 
another property of matter w'liich enables a body 
to resist teiuh'neics towards cliange of form. 
FJaslicity is another propi'rty of many bodies. 
The e.ssential part of our conception of elasticity 
is that an elastic bod}^ is able to return to its 
original bulk and shape after the ap[)licatiou of 
a force. Wo must remember that olastieity 
may be expressed in two opposite ways. A gas 
or a ball of indiarubber is elastic because it 
springs back again to its original bulk afli^r it 
has been compressed, while a piece of indiarubber 
is similarly elastic in that it returns to its former 
length after it has been extended. This projierty 
of elasticity is extremely important in a higher 
realm than that with which physic s mainly cJc'aJs, 
for it is one of the most important propc'i-ties 
possessed by mnseular tissue. The greater part 
of the act of expiration is mechanically acecmi- 
idished, without any nervous oi* muscular cHori 
of ours, by means of the ('lastieity of the muscles 
of inspiration, aided by the elasticity of the ribs. 

Plasticity. The opposite property of 
elasticity is plasticity. ^The art of moulding in 
clay is called plastic art — wet clay being a sub- 
stance which has no elasticity worth mentioning, 
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and which is, therefore, perfectly suited for 
the purpose of tlie modeller. Eveiy solid has a 
limit of elasticity, and if strained beyond that 
limit undergoes such a molecular change as to 
make it plastic. 

Ductility. Ductility is a property of many 
metals, in virtue of which they can be drawn into 
wire. Wo may contrast, for instance, iron wire, 
which is so familiar, with the results that are 
reached when one makes a wire of lead, the most 
plastic and least ductile of metals. It might be 
thought that the same metals which can readily 
be extended in the form of wire would be 
capable of benng extended in the form of flat 
]>lates ; this property is known as maUeabiiiiy 
(Latin inallevs, a hammer). But, as a matter 
of fact, lead is exceedingly malleable, and can 
bo hammered out to very considerable thinness, 
though it can scarcely be drawn out into wire at 
all. The property upon which ductility, as 
distinguished from malleability, de])ends is called 
tenacity^ and is possessed in the highest degree 
by the best steel. Very few people have any 
idea of the extraordinary tension, or longi- 
tudinal stress, which is borne hy the steel wires 
of a good piano. 

Even though we are totally unable to explain 
these various properties of various substances 
in terms of molecular forces, we are, at any 
rate, able to show that some of them vary 
with varying temperatures, as we would expect 
them to vary if the theories already staled as 
to tho relations between heat and molecular 
energy were true. According to these theories, 
for instance, the process of adding heat to a 
solid body must imply an iiicnuise of its mok‘- 
cular motion in the direction of the state which 
obtains in the ease of gas. Hence, we are not 
surprised to find that the healing of a solid 
reduces its cohesion. 

Diffusion. The last [)roperty of any kind 
of matter which we need to consider here is tin* 
property of diffusion which is possessed by 
gases, and which becomes quite intelligible if we 
recall what has already b(;en said regarding the 
molecular motion in a gas, and what we hav<* 
now learnt to know as the kinetic theory of 
gases. Recalling the conceptions already noted, 
let us consider what will be liable to happen if 
two different gases be poured into a vessel one 
above tho other ; there is no surface tension in 
this case. Does it not seem inevitable that at 
what is called tho interface, or the level where 
tho two gases meet one another, there will b<‘ 
a very marked tendency to intermixture ? Such 
intermixture indeed occurs, and is known as 
diffusion. The rate of diffusion is found to follow 
an absolute law, and is strictly consistent with- 
indeed, is the strongest proof of— the kinetic 
theory. Diffusion occurs in all fluids, not 
merely in gases, though the diffusion of liquids, 
as one might expect, is much less rapid, and is 
complicated by the facts of 8\irfaco tension. 
For instance, oil and water do not diffuse into 
one another; thatJ^ to say, they do.not,“ mix.” 
The relative weight of liqums also affects 
their mutual diffusion. 
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The New Theory of Matter. Already 
we have rejected the idea that the units of 
matter are Imrd things, like “ foundation 
stones.” Further, wo have carefully distin- 
guished between mass and weight, and have 
noted that weight is, so to speak, accidental, 
and that mass is perhaps the prime character 
of matter. We have seen, too, that it is the 
property of inertia from whicli our notion of 
mass is derived ; but we also found that, 
according to the most recent investigations, the 
inertia of matter must be looked upon as 
electrical inertia, and matter itself as an electrical 
[)henomcnon. The final conclusion to which we 
came was that matter is merely a particular form 
of energy. We noted also that the belief in the 
conservation or the eternal persistence of matter 
- -quite recently held by the chemist— can no 
longer bo maintained in the light of these facts 
which are now rapidly being discovered of 
the disintegration— if not, indeed, apparent an- 
nihilation— of matter under certain conditions. 

The Meaning of the Word Energy. 
Now, before we pass to the greatest fact of 
physics, which is tho doctrine of the conservation 
of entry ify it is highly necessary to clear up 
once ami for all our ideas as to the proper use 
of this word. Energy, in the philosophical and 
scientific use of that word, does not mean 
possibility for action or capability for work ; it 
implies an idea much more profound and 
important than any which those words convey. 

Neither in the original use of the word by 
Dr. Thomas Young, who introduced it, nor in its 
use hy any of the great makers of physics since 
his day, does the word energy describe an 
attribute of matter. Tho importance of gaining 
as clear a notion as the human mind will permit 
of the real nature of energy lies first of all in 
the fact that the new theory of matter, which is 
reducing matter to something like its proper 
importance, necessarily directs more and more 
attention to that of which matter, as we are now 
beginning to sec, is but a temporary ihanifesta- 
tion ; and, secondly, in the fact that, by a sort 
of j)octic justice, we find the latest developments 
of physics completely to have destroyed that 
preposterous doctrine of materialism which, so 
popular forty years ago, was based upon physical 
conceptions that sound simply medise.val to 
modem students of tho subject. 

In modem scientific thinking the word energy 
is used to describe the something , the pmver which 
is really the underlying and essentkl fact of 
all facts and all phenomena, except the facts 
and phenomena of mind. 

An Unsatisfactory Definition. Cer- 
tainly such a definition cannot satisfy tho phy- 
sicist, nor is there any physicist who is perfectly 
satisfied with any conception that ho can form 
of the nature of electricity— obviously necessary 
to an understanding of the electrical phenomenon 
which we coll matter. But though the new 
theory of matter is at present so unsatisfying 
from the point of view of exact hard-and-fast 
science, yet .it is already able to perform an 
incalculable service for 'pi^osophy. . 

C. W. SALEEBY 
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Yard and Special Drainage Systems and Materials. 

Water and Road Gullies. The Work of the Drainlayer. 

DRAINAGE APPLIED TO BUILDING 


Objects of Drainage. The objeetK to 
bo arrived at in a modern system of drainage 
as applied to individual buildings are (1) to con- 
vey away the sewage without any risk of 
contaminating the land through which the drain 
is carried ; (2) to ensure that the whole systfun 
is one that shall be self-cleansing and shall Ixi 
elTective even iindt*r the conditions of complete 
want of attention which usually prevail ; (3) to 
provide means of ascertaining readily the causes 
of any interference with the regular working 
of the system and for promptly dealing with such 
interference ; (4) to provide against the possi- 
bility of introducing into the building by means 
of the system of drainage the poisonous gas 
gcn(‘rated in the sew'ers and c(‘sspools, and evem 
to some extent within the system itself. 

These are the most important requirements 
which must be borne in mind in dealing with a 
system of drainage, and to provide for meeting 
them, not only good design, but (li<‘ best 
materials and workmanship are essential. The 
tests a})plied to a drainage system are pro|x*rly 
s(‘verc. Th(^ work is almost entirely buried out of 
sight, and in most cases, unless a defect shows 
itself, it receives no attention from year’s end to 
year’s end, and it is therefore of the highest 
importance to secure conditions that .shall be as 
good as possible. 

1’he drains of an ordinary building consist of 
a serich*. of tubes through which the matter to 
be conveyed flows until it is discharged into a 
public sewer or cesspool, or is distributed over 
land or otherwise dealt with. [For treatment of 
sewage, see (.hviL E1n(jineering.1 

System and Materials. There is often 
a double system of such tubes, one of which 
is reserved for water which is clean and practi- 
cally free from solid matter or contamination, 
and usually consists principally of the rain- 
water collected from the roofs of any building ; 
these are described «aa rain-water drains. The 
other receives all foul water, including the dis- 
charges from water-closets, urinals, sinks of all 
kinds, and bath and lavatory wastes, all of 
which contain putrescible matter and are liable 
to rapid decomposition and to generate a gas 
known as sewer gas, highly injurious to health. 
These are generally classed as soil drains, a term 
more particularly applied to those conveying 
discharges from water-closets. The circum- 
stances of various buildings differ widely, but 
whether an isolated country house or a town 
building is to be dealt with, certain principles 
must be observed, and the actual methods of 
construction arc to a large extent identical. 

The materials used in the laying of a drainage 
system are to a considerable extent ordinary 


building materials. The preparation and laying 
of eoncrete has b(‘en already dealt w ith. Certain 
work in bricklaying must be referred to, but for 
fuller explanations of the bricklayer’s work siv 
Brk'KLAyixo. The materials now to be con- 
sidered are those (*mploy(*d in the actual forma- 
tion of the drains — pipes, rhaiinels, bends, traps 
of various forms. | For the eonstruelion of large* 
sewers and conduits, see Civil Knoinekkino.] 

Pipes. ’I’hese must be straight, true in 
section, absolutely impervious to water, not 
easily liable to fracture, and of material that 
will not be alTeeted by the acids (‘ontained in 
the sc'wage, and the inner surface must 1 h* 
})erfectly smooth and olTer no obstruction to the 
flow' of its contents. It is di'sirable that the 
diameter of the pifx* should be as small as possible*, 
provided it is adequate to the maximum flow', 
80 that at perimls of minimum flow the depth 
of water in tlu* pi|X5 compared with the area 
of that part of the invert eoveri'd by it, d(‘scril)cd 
as the w’cttcd ]>erinieter, should b(» as large as 
}K)ssiblc. Th(^ materials used for such pipes are 
glazed stoneware, glazed earth enimre, and glazed 
terra cotta and cast iron. 'Phe various forms of 
earthenwares })ip(‘s rt'ferred to are all similar 
in form [for manufacture, sec Pottery], and are 
almost always salt glaze'd. Tlu‘y are usually 
about 2 ft. long [16]. One end is formed with 
a .socket to r('e(‘ive the oth(‘r, or spvjot end. 
of the next })ipe. The outer surface of the spigot 
and the inner surface of the socket have, as a 
rule, tine annular channels formed on them, 
their purpose being to assist the adhesion of the 
cement. 

’Phe internal surface must be thoroughly glazed, 
and free from all exerc‘seenei*s and roughness 
which would cheek the flow of sewage, and pipes 
.should be inspeerted to ensure this. ' A slight 
roughness or projection in one spot nml not 
necessarily lead to condemning a pipe, but care 
must be taken to see in laying that such defect 
is placed not in the invert, but at the top of the 
drain. Such pijx^ are made of various diameters, 
from 3 in. upwards. The thickness of the material 
in stonew’’are pipes is usually in. for 4 in. 
pipes, ] J in. for 6 in. pipes, and beyond this 
size ,*.. of the diameter. There are some varia- 
tions "from the general type. Taper pipes are 
formed which are regularly reduced in diameter 
from one end to the other [20], and may have the 
socket formed on either the large or the small 
end. Cleansing pipes [21] are employed for 
building into manholes that are not fitted with 
traps, but have a kind of liood-shapt^d enlarge- 
ment formed at one end, increasing the vertiwl 
but not the horizontal diameter to facilitate the 
introduction of cleaning rods. 
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A rougher* class of pipe is used for land 
drainage, where the important consideration is the 
collection and removal of water which percolates 
through the ground, and which is not con- 
taminated with sewage. 

These arc known as agricultural drain-pipes^ 
and are short tubes from 2 in. to 0 in. in diameter, 
formed of burnt earthenware, without sockets, 
and unglazed. They arc laid end to end, and 
arc not jointed. Their purpose is to give free 
passage to the water collecting in the trench 
in which they are placed, and which can enter the 
pipe at any joint. They are sometimes used 
for passing water collected by embankments 
through the base of the wall to the front, and 
for this purpose are embedded in the concrete 
or masonry, and ore known as weeping pipes. 

Bends. These are pipes so formed as to 
change the direction of the axis of the pipe. 
I'hey are made to a great variety of curves, 
from a qutwlrant [22J to a very flat bend. They 
should not bo used in soil drains, but may, if 
necessary, bo used in rain-water drains. 

Junctions. Various forms of these are 
manufactured. They may be Y -junction, single, 
or double [23], and they may be arranged so 
that the inlet joins the main pipe at various 
angles; but it is undesirable that the angle 
between the axis of the two drains should 
exceed about 45”, and right-angled junctions are 
not tolerated,* as nothing is more apt to produce 
an obstruction in the drain. Jumdions are 
often made between pipes of different size — e.g., 
one of 4 in. diameter may join one of 6 in. 
Junctions, like bends, should only be employed 
for rain-water drains, and not for soil drains. 

Channels. These are open pipes [24] ; 
usually semi-circular, and with half-sockets. 
'J^hey are used sometimes for the conveyance of 
surface water at the ground level ; in a drainage 
system their special use is to enable junctions 
to be made between various soil drains. The 
manner of using them will be more fully described 
in connection with the construction of manholes. 

Taper channels are formed in a manner 
similar to taper pipes. Bends are also formed 
in channels [22], and for some forms of bend the 
section, instead of being semicircular, is a full 
three-quarter circle [24]. There is a much greater 
variety in the form of channel bends than of 
pipe bends, as in some cases it is necessary in 
forming manholes to bring in a branch drain from 
a direction that will require the flow of the con- 
tents to be almost reversed in the manhole [20], 
and it is mainly in the case of such bends 
that three-quarter channels are required, the 
outer side of the bend being covered in to 
retain the flow of water in the channel, which 
without such protection would tend from its 
own velocity to overflow it, and deposit any 
solids on the sides of the manhole. For 
this extreme case, bends of a great variety of 
radius and of different lengths may be procured 
tu fit almost any angle at which a drain can be 
received, a stijght adjustment being always pos- 
sible. The iii5)er end of any channel is provided 
with a socket, and is at right angles to the axis 
at this ppint, but the lower end is splayed so as 
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to be parallel to the axis of the central channel 
where it is employed to form a junction. 

Traps. These are devices to prevent the 
return of the sewer gas from the sewer to the 
building. The earliest [26] form consisted of a 
small chamber in the line of the drain sunk 
below its general level, with a diaphragm fixed 
across it extending from the top of the chambt^r 
to below the level at which the water would 
stand in it. A barrier is thus interposed, closing 
the upper part of the chamber and the drain 
above it against any return of an air current, 
while not preventing the flow of the sewage 
underneath the diaphragm. This was knoAvn as 
a dip trap. If well constructed, it was efficient 
so far as its special purpose was concerned, 
but had various drawbacks — it checked the flow 
of the sewage, and solids were apt to be deposited 
in the chamber and block it, and it was not easy 
to make, and keep it, air-tig})t. Such traps are 
no longer used, but the principle of the dip trap 
is employed in all forms of traps, the essential 
feature being the interpo.sition of a barrier in the 
course of tlie pipe that will, under ordinary 
conditions, prevent the return of air up the pipe. 
Such traps, however, are now formed of the same 
material as the pipes, and though some of them 
are made in more than one piece, the portions 
containing the barrier between the outlet and the 
basin, in which water alway.s stands, are of a 
single piece. 

The barrier is formed in various ways in 
different traps, but always extends below the 
level at which water stands in the trap ; th(^ 
bottom of the outh't is arranged at a higher level 
than the bottom of the barrier. The pipe is thus 
actually closed or sealed by the body of water 
always standing in it against the upward passage 
of air or gases, while allowing water or sewage 
to flow through it. I'he depth to which this 
barrier penetrates below the surface of the 
standing water is referred to as the depth of the 
water seal. 

Modern Forms of Trap. The modern 
forms of intercepting trap [28] are made by 
introducing into the length of the pipe a bend 
of such a character that the upper part of the 
pipe dips below the water-level forming the 
seal, while the lower part of the pipe forms a 
basin to retain the liquid. The lower end is 
formed with an ordinary spigot to join the drain 
below ; the upper end has a half-socket to 
receive the channel. The upper half above the 
seal usually dip.s sharply ; the lower, or outlet 
half has a more gradual rise, the dUfject being 
to interpose as little check to the flow of the 
sewage as possible; and where the conditions 
of the drainage system permit, the upper side 
may have a cascade formed by keeping the 
inlet at a higher level than the outlet, so that 
the flow is discharged into it with a slight 
impetus. 

The form of the trap makes it impossible to 
introduce a cleaning rod through the trap itself, 
and an upper arm is provided for this purpose. 
This is carefully closed when not in use, or the 
utility of the trap would be destroyed ; but the 
stopper closing it may be attached by a chain 
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to the upper part of the manhole, bo that, 
fthould the trap become stopped and the man- 
hole filled with sewerage or water, the plug may 
be withdrawn and the cliambor emptied. 

Such an intercepting trap js used in a drainage 
system at or near its termination, before it enters 
tile sewer or cesspool, to intercept the return of 
sewer gas. Various makers manufacture them 
in a variety of forms, but the essential as de- 
scribed above should be found in all of them. 

The Problem of Back Flow. It 

happens occasionally that a drain is subject to 
a back flow of water or sewage fiom the sewer. 
This may arise when the outlet discharges into 
a tidal river at times of exceptional tides, or, in 
the case of a sewer being of inadequate size, on 
the occasion of exceptionally heavy rain. This 
is not easily dealt with ; no form of check that 
docs not act automatically is of any great value 
in most cases. 

Flaps are sometimes placed at the outfall of a 
drain [26], which, on any back pressure arising, 
should close the outlet till such pressure is re- 
moved ; but this must lx; applied in the .sc'wer, 
and in small sewers it cannot always be adopted. 
A form of trap designed to meet such cases is the 
hall trap [27]. This is provided with a hollow 
metal ball that, under ordinary circumstances, 
loaves the orifice free, but if any back pressure 
arises is lifted by the returning water and is 
pressed agaiftst and closes the orifice. This 
device is open to the objection that the orifice, 
or the ball, may become somewhat foul from the 
sewage, and may not close properly, but it has 
l)een found efficient in many cases. The ball is 
sometimes hung with a hinged joint from the 
top, and in some cases is loose, the trap being de- 
signed so as to guide it into position when floated. 

Gullies. Traps arc required in many other 
situations, cand take various forms. Those termed 
gullies are intended to receive the discharge 
from sinks and rain-water pipes, yards, paths, &c., 
and are open to the air at the top. Their object 
is to prevent any pipe which is connected with 
the inside of the building, or the top of w’hich 
terminates near a window, from having a direct 
connection with the drains. I'he discharge 
may take place above a grating placed at 
the top of the gully [29], but this grating 
may get stopped through the deposits of 
solids in the discharge itself, or through an 
accumulation of leaves, or to some accidental 
circumstance, and the discharge will then 
not enter the drain, but overflow around 
it and soak into the ground. Pipes should 
therefore discharge into a gully below the level 
of the grating, a small pit being formed, if 
necessary, for this purpose and covered with a 
grating. For many pipes a good method is to 
connect the ends directly to inlets provided at the 
back or sides of the body of the gully. 

Some makers provide gullies with extending 
pieces [31], so that the gully may bo sunk to 
any required level below the ground. Such 
pieces may each have one or more inlets providedf 
BO that the gully may receive the discharge from 


several pipes. Gullies which are formed ot 
two or more pieces must bo jointed. The upper 
part is adjustable to the pipe, the lower part to 
the drain. 

Yard Gullies and Surface Water 
Gullies [30]. These differ from the ordinary 
gully in the manner of forming the seal and 
in the form of the bottom ; this is made deep, 
and the outlet is kept near the top so tjiat the 
body forms a catch pit which will retain any 
sand, gravel, or other solid material washed into 
it during heavy rain, and prevent it from 
passing into the drainage system. Such gullies 
are often provided with metal receivers fitted 
with a handle ; these are placed in the bottom 
and receive any solids, and can be lifted bodily 
out, emptied, and replaced. The lower part of 
the gully may be made deep and of consider- 
able capacity, and the water seal should also 
be deep, as in dry weather such gullies are very 
liable to lose the water which forms the seal by 
evaporation. 

The Road Gully [33]. This is a variation 
of the form of gully last described, and has a 
very large body or container sunk deeply below 
tlic; trapped outlet, and capable of holding a 
considerable bulk of material washed from the 
road surface. These are usually emptied periodi- 
cally by means of long-handled scoops. 

The use to which scullery sinks are put 
results in the discharge of a great deal of greasy 
matter into the drains. When this leaves the 
sink it is oft(;n quite hot, but on being discharged 
into the water standing in a trap it becomes 
chilled, the grease congeals, and is very liable to 
foul the drain which carries it off, adhering to the 
sides and decomposing. To meet this difficulty 
grease traps arc provided. 

Grease Traps. The object of these is to 
retain the greasy matter in the trap till it has 
congealed. To achieve this the body of the 
trap is made large, so that a considerable bulk 
of water is retained in the trap and is always 
cool or cold. The outlet is considerably below the 
surface. The grease, on entering the trap, rises 
and collects on the surface, and there congeals. 

There are two methods of disposing of this 
congealed grease. The first is to provide a form 
of tray that can be lifted out, bringing out the 
grease, which must be burnt or otherwise dis- 
posed of [32], There is, however, a great proba- 
bility that the duty of regularly cleansing out 
such a trap will be neglected. The more satisfac- 
tory method is to supply a trap provided with a 
flushing rim [31], such as is founcUm the pan of a 
water-closet, and to connect this with a tank 
which discharges automatically at fixed periods 
a considerable body of water into the trap through 
the rim, and which completely flushes out the 
trap, breaks up the congealed grease, and carries 
the whole through the drain with the flush of 
water. The amount of water used each time 
is determined by the size of the cistern, and 
depends upon the use which is made of the trap. 
The frequency of the discharge is capable of 
regulation. R. ELSEY SMITH 
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The Defences of Seed Plants Against Weather and 
Members of the Animal Kingdom* How Ants aid Flowers. 

HOW PLANTS PROTECT THEMSELVES 


E nough has already been said about the way 
in which drought- plants (xerophytes) tide 
over the unfavourable season of the year, and 
this must serve as a partial illustration. 

The numcTOUS oases where ])lants possess 
spines, thorns, and prickles are jiartly at least 
to be interpreted as adaptations whereby defence 
against many vegetarian enemies is more or less 
attained. In the sloe {Pnnuis apinosa)^ for 
example, the spines arc modified branches [142| ; 
in gorsc {Vlex. Europwus) they are branches and 
leaves ; and in cacti the green parts arii thickened 
stems and the spines reduced leaves ; wdiihi in 
holly (Ilex aquifoiium) the prickly l(‘avcs answer 
the purpose of spines. The stinging hairs of the 
nettle [146] which exude an irritating acid when 
touched are a familiar (example of protection 
against vegetarian animals. 

The Primary Use of Liquid Rubber. 

The grubs of many beetles live in wood, upon 
which they feed. This j)robably giv<;s a clue 
to the primary use of the important commercial 
substances indiarubber and guttapercha, whi(!h 
are the dried sticky juices of various shrubs and 
trees living in hot (dimates. HeetUss of the 
wood-boring kind, which seek to pierce and lay 
eggs in such plants, an^ liabk^ to be snared and 
killed by the viscid fluids whi(;h (jozc out. 

Arums, and various other plants, ward off 
the attacks of snails and slugs in a rather (sirious 
way. The outer parts of their stems and l(*af- 
stalks contain bundles of excessively sharp 
crystals (raphulen), comj>osed of oxalate of lime 
[146-7]. These pierce the soft mouths of snails 
and slugs like so many needh's, (jonveying a 
lesson wliich is usually takem to heart. 

Headers who have followed this (\)urse will 
realise the importance of the fertilising dust 
known as pollen. As it is very liable to bo 
spoilt by moisture, a number of devices hav(^ 
come into existence by which this is prevented. 

Flowers that Bend to Shield their 
Pollen. Bell-shaped or cup-shaped flowers 
hanging upon curved stalks j^rotect their pollen 
very effectually, as may be seen in Canterbury 
bell (Campanula), heath snowdrop (Galan- 

thus) [135], and lily of the valley (Convallaria). 
There are also many flowers wliich bend over in 
rainy weather so as to shield the pollen, among 
which are herb Robert (Geranium Robertianum), 
daisy (Beilis perennis) [137], willow herbs (Epilo- 
bium), and wood anemone (Anemone nemorosa). 
In other cases, such as those of the lime (Tilia) 
and balsam (tmpatiens noli-me-tangere), the 
foliage-leaves servo as an umbrella. 

In many members of the dead-nettle and fox- 
glove orders (Labiates and Bcrophularinecs) 
the opening of the corolla is at the side ; or in 


some of the latter, such as toadflax (Linaria) 
and snapdragon (Antirrhinum) [134], it is com- 
pletely cl(Tsed ex(‘ept during insect visits. 

Th(^ closing of many flowers on the approach 
of rain is a common d(‘vicc by which pollen is 
])rotecti*(i, and is ex('mplitied by roses, gentians, 
and crocuses [136]. 

Protection against Unbidden Guests. 

While flowiT.s lay themsc'lves out, so to speak, 
to attra(;t insects of a certain kind wdiich are 
able to transfer polh'ii, the flowers th(‘mselv(».s, 
or the pollen and nectar they provide as r(^wards 
for their industrious servants, prove tempting 
to other insc'cts, <and somc^times to snails ami 
slugs, whi(^h are unabh^ to ])(Tform the work 
required of them. Such “ unhidden guests ” 
are debarred from ac(M.\s.s to the flow’(;rs by a 
great variety of ingenious devicc^s. 

The flow'er must also be protected against 
unbidden guests wdiich approach from the 
ground. Tliese ai“e mostly creeping insects, 
which find tlu‘ir upward ])rogrcss barred by 
water harriiu’s, slippery or sticky surfaces, or 
obstructions of bristles or sharp hairs. Tn 
c(wtain teasles (Dipsacus), for instance, the 
foliage-leaves are in opposites pairs, and their 
bas(‘s unite togeth(^r to form a eu|» in which 
w'afer a(jeumulat(‘s. 

Sticky Stems. Some of Hk^ catch-flies 
(Silene) and campions (Lychnis) have sticky 
stems, which not only prov(‘nt the visits of 
umb'sirahle forms, hut (‘ut angle and hold them 
so lirmly that they perish miserably [138] ; 
and in gooselx'rry (Rihes grossularia) there 
viscid hairs on th(? calyx which answ(;r the sam(5 
purpose. Tn certain wmUow^s {Salix) a[>proach 
to the flowers is prevented by wax-coverefl 
slopes as slippery as glass, which give no foot- 
hold, while a irurved flower-stalk, such as that 
of snowdrop (Galanlhus nivalis) [135], may 
d<*bar entry. Obstructions are well seen in 
the prickly bracts which closely invest the 
flower- heacls of thisth^s. 

Th<*re aro sonui |;)lants, such as certain balsams 
(ImjMtiens), that secrete nectar at the ba.ses of 
their foliage-leaves to attract unbidden gu(\sts 
which are climbing up to the flowers. Ants, in 
particular, are v(‘ry fond of sweet substances, 
and commonly content themselv(?s with this 
lure, which saves them the trouble of going 
farther [139]. Snails and slugs are etfeotua lly kef)t 
away by spines, thorns, and prickles, as in gorsfi 
(Ulex Europwus), sea-holly (Eryngium tnari- 
tirnum) [141], and many others. These unbidden 
guests (io not seek pollen or nectar, but devour 
the flowers bodily. 

Many of the more specialised flowers can only 
be usefully served by a limited circle of visitors, 


THIS GROUP EMBRACES BOTANY, ZOOLOGY, AND BACTERIOLOGY 

1003 



PLANT PROTECTION AGAINST THE WEATHER 



136 . A CftOCUS OPEN BEFORE TATN, AND THE SAME FLOWER CI.OSED DURING RAIN 



137 . A GROUP OF DAISIES, OPEN BY DAY AND CLOSED AT NIGHTFALL 
Some of the photographH on thc.sc pages are by Mr. J. J. Ward 
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and others have to he excluded. Tanghvs of 
hairs or gratings of bristles arc often found within 
the flower its(*lf [144], and effectually protect 
tho nectar against smaller and weaker insects. 
Such may bo found in tho buekbean (Menyan- 
fhes), some honeysuckles (Tjonicera)^ and some 
.speedwells (Veromca), while hi many instances 
the mcchani.sm of tho flower may bo compared 
to a lock of whicli only tho legitimate' visitors 


144. THE HAIRS IN TIIK FLOWER OF A PANSY 
Those protective hairs nro shown hlffhly rnagniflctl. 

The round object is a pollen grain. 

posse.ss the key. Thi.s i.s well exeuiplitied by 
mo.st members of tho pea and dead-nettle orders 
( Leguminosm and LabiaUv). 

There are several thieving bcc.s with tongues 
too short to reach th(^ nectar-. stores of certain 
flowers, and these; intellig(;nt oreatiiros havo 
found it posisible to bite through tho outer 
investments and steal tho desired treasure 
without earning it. One device for ])rc- 
venting this i.s found in the bladder campion 


wing, and may even remain closed during the 
day. In this way they to some extent escape 
the notice oiimdesirables. Honeysuckle (Lonicera) 
may servo as an example. 

There are also some plants wdiich maintain 
a body-guard of ants to repel tho attacks of 
voracious beetles, but do n^arm to the flowers. 
These plants belong to tho dandelion order 
(Composlto'), and they reward the services of 



145. THE .STIN(JIXG HAIR OF A NETTLE 
This hjilr, shown highly injignillcd, ( (mtains acid .sap 
which flo\^s oul. of the tip when broken. 


their retainers by nectar, which i.s .seereled by 
the scales surrounding the heads of flowers. 

We have seen that many fruits are destined 
to bo eaten by birds or other animals, the 
strongly coated .seeds escaping digestion. But 
it i.s necessary that such fruits should be pro- 
tected while they are ripening. For this pur- 
po.se many of thorn ai’c enclosed in prickly 
husks, as sweet chestnut (Cafifanea) [140] and 
beech (Fagas), Still more commonly the unripo 




146. RFNDLES OF OXALATE OF LIMK IN THE l.EAF- 
TISSUE OF EN(mANTER’s NIOUTSHADE 


147. PROTECTIVE .SILICEOU.S HAIR.S ON THE LEAVK.S 
OF ONOSMA TAURICUM 


(Sikne ivftala), where the large, inflated calyx 
stand.s at some distance from the treasure- 
house [148]. Should a nectar- thi(‘f gnaw a hole 
through this it is no better off than before, 
for its tongue is too short to stretch through 
to the nectar*. 

Many flowers of pale hue which court the 
attentiona^of moths only exhale a fragrant odour 
in the evening, when their gupst.s are on i he 
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fruit is acid, bitter, or even |)oi8onou.s, and is 
thiLS effectually shielded from mo.st attacks. 
Seeds, when mature, are fi'equcntly so flavoured 
that they do not commend themselves as an 
article of diet. 

. Certain other methods by which fruits and 
seeds are protect(id have been already spoken 
of in the section on Dispensal ” (page 883). 

J. R. AINSWORTH DAVrS 





GROUP 16-ELECTRICITY •THEMASTER-POWEROFTHEMODERRWORLD-CHAPTER 8 


Mechanical Generation of Currents. Field Magnets and 
Armatures. Commutator and Brushes. Armature Windings. 


THE DYNAMO 


Dynamo-electric Machines. This name, 
familiarly shortened into Dynamot was originally 
coined (Greek dynamis, power) to denote 
machine in which dynamic energy (that is to say, 
mechanical energy such as that given by a steam- 
engine or a turbine) is em- 
ployed to produce an electric 
current. In recent years the 
term has been used, in its 
general sense, to include all 
machines the action of which 
is dependent on the principle 
discovered by Faraday in 18111, 
as explained in the preceding 
article, page 888. That prin- 
ciple was the induction of 
electric currents by the move- 
ment of copper conductors 



49. RULH OF THE RIGHT HAND 



MODERN DYNAMO 


machine itself. On the other hand, tlu^ 
tcmdency in England now is to confine 
the U*rm diynaino solely to machines 
which generate continuous currents, 
y those which generate alternating currents 
being tlescrilied as aUernaiors, 
l)ut to include those con- 
tinuous current g(‘nerators of 
which the magnctiKm is in- 
dependently excited as well 
as those in wliich it is self- 
excited. 

In most dynamos the copper 
conductors move, while the 
magnets arc stationary ; in 
sonu^ the magnets revolver 
while the copper conductors 
are stationary, but in the case 
of continuous current generatoi-s this is ran^. 
It is even possible to d(‘sign dynamos in whicli 
both parts revolve, but in opposite directions. 

Principle of Reversibility. One most 
important fact about the dynamo — and it 
is true of all its many forms — is its roversibilitv 
of function. WIkmi driven by mechanical power 
it generates electric curnmt-s, but wh(‘n sufiplied 
with electric curnmts it generates met^hanical 
power. The V('ry same machine that will serve 
to convert mcelianical energy into eledrical 
energy, as a generator, will also servo to eonvorl 
electrical energy into mechanical energy as a 
mAor. In fact, it jxisscssf's rcv(M*sibility of 
function. This is indccnl a most })rcciou8 pro- 
p(*rty, anti is made use of in the electrical trans- 
mission of power from place to place. 


’ near the poles of magnets 
in such a way that the 
conductors cut through the 
invisible magnetic lines pro- 
ceeding from the magnet 
poles. Faraday himself 
called such mach incs tnagnelo- 
electric, and this adjective 
is still retained to denote 
those machines having a 
permanent magnet of steel, 

. though Faraday did not so 
restrict its moaning, but 
applied it to cases in which 
steel bars, lodestoncs, 
electromagnets, and even 
the earth itself, were used as 
magnets. In Germany it has 
been the fashion to narrow 
ite use to the particular 
cl^ of machines in which 
the magnetism is excited by 
the current generated in the 



electrical engineering, telephones, telegraphy, wireless transmission 
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Right-hand Rule for Induction. The 

induction of an electromotive force in a moving 
wire, or conductor, tends to send a current 
along that wire in one direction or the 
other, and this direction can always 1 x 5 ascer- 
tained. In the movement of the conductor 
laterally across the magnetic lines, 
we have three things mutually at 
right-angles to one another — the 
magnetic lines, the direction of the 
movement, and the direction of 
the electromotive force. Now 
imagine the forefinger, the middle 
finger, and the thumb of the right 
hand to be set to point in three 
directions mutually at right angles 
to one another, as in 4P. Then, 
if the forefinger is set to point 



round at a high speed. The revolving armature 
occupies a central position, and is surrounded by 
the poles of the field-magnet, which send their 
magnetic lines into the iron core across the inter- 
vening gap or clearance. The revolving copper 
conductors as they fly round cut these invisible 
magnetic lines, and so, according 
to Faraday’s principle, create or 
induce clectromo ti ve forces. These 
electromotive forces tend to drive 
currents along the copper con- 
ductors, and so, if Ihe revoking 
conductors are connected to a 
circuit, currents will bo generated. 

Commutator and Brushes. 
There arises, then, the problem how 
to connect the conductors of the 


revolving armature to the wires, 
along the direetion of the magnetic 58. stx-pole field -magnet or mains, of a circuit. It is 
field, and if the thumb is in iho ’ 


direction of the motion, the middle 
linger will indicate the sense of 
the induced electromotive force. 
This is triK' for all moving 
conductors in magnetic 
fields, whether in dynamos 
or motors. 

Field-magnets 
and Armatures. 

Every dynamo con- 
nisis of two principal 
parts, one of which 
stands still, while the 



The 

the 


other is made to revolve, 
stationary part is called 
field-magnet. It consists of one 
or more magnets, usually electro- 
magnets (page 495) firmly fixed in 
an iron frame the object of these 
magnets being to create 
a magnetic Ilux, or, in 
other words, to create 
a large number of mag- 
netic lines which pro- 
ceed from its poles. 

The revolving part is 
called the armature^ and 
it consists essentially of 
a number of copper 
wires, or copper con- 
ductors, joined 
together and 
grouped in a 
particular way 
for the circula- 
tion of the cur- 
rents ; these 

wires, or conduc- 
tors being wound 
upon a core built 

lip of laminatod armature coil 

iron. In modern machines the cores are 
made with projecting teeth, and the copper 
conductors are sunk in slots betweep the teeth, 
and held in tightly by binding-wires or by 
wedges. Tlie core is keyed firmly upon the 
revolving ,^haft, So, when the armature is set 
revolving,' the copper conductors are whirled 
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evident that this entails a sliding 
contatd, and the current must be 
collected from the revolving 
structure by means of contact- 
})icces, technically called the 
bruAhes^ which arc con- 
nected to the mains, and 
wh ich press against the 
revolving structure. 

The commutator, 
however, performs a 
function much more 
important than act- 
ing merely as a 
means of gliding contact, for, 
without its aid, the current 
collected would not be a con- 
tinuous flow like the current from 
a battery. 'J’ho reason for this 
is as follows. The poles of the 
field -magnet are of two 
sorts, north poles and 
south poles, arranged 
alternately. Since the 
revolving conductors 
on the armature are 
moved first past a 
north pole, then past 
a south pole, then past 
another north pole, 
and so on in con- 
tinual succession, it 
follows that the induction of voltage in the con- 
ductors will continually reverse, and reverse 
back. For we may regard 
each north poteras sending 
out a flux of magnetic 
lines across the air gap 
into the body of the arma- 
ture, from which these 
lines emerge to return into 
the south poles. Hence, if we apply the right-hand 
rule to the various eases, we shall see that the 
induction taking place in the conductors will 
alternate in its direction along the wire. This 
process, therefore, sets up alternating currents in 
the armature wires ; and, unless these currents 
were commuted, they would be in a perpetual 
alternation in the mains of the circuit. 


A COMMUTATOR 
SEGMENT 
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It is the function of the commutator to 
commute, or change, these alternating currents 
that exist in the armature, and 
deliver them to the external cir- 
cuit as a “continuous” current. 

By continuom is meant Rowing 
fitexidily in one direction, like the 
current from a battery. Some 
engineers cjill 'such a current a 
direct current, though its process 
of generation is thus indirect. 

The term “continuous” is more 
correct. How the commutator 
performs its work we shall sec 
presently. 

A Modern Dynamo. All 

essential features of a modern 
dynamo can be observed in the 
machine depicted in 50-. On the left is a pulley 
l)y which it can be driven by a i)elt from a stoam- 
engine. The shaft is supportt;d by boaringt 
standing upon pedestals 
which rise from a strong 
^ ast-iron bed-plate. Between 
the pedestals stands bolted 
to the bed plate the field- 
magnet system, consisting ot 
a circular frame, or yoke, of 
cast steel, from which there 
project inwardly four mas- 
sive magnet-poles, each 
surrounded by its magne- 
tising coil. Between these four poles the 
armature, revolves— a substantial barrcl-like, or 
cylindrical, structure. At the right-hand end 
of the armature i. 
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to. COMPLETE AHMATUKK OP A DYNAMO 


is the commutator — 
easily identified by 
noticing that it is 
a smaller cylinder 
built up of a num- 
ber of parallel bars, 
or segments, of 
copper. Upon the 
commutator press 
the brushes. Of 
these there are two 
sets, of three brushes 

per set. The set of three in front can be sc5en 
clamped upon a short, horizontal rod, which 
projects to the left from the curved arm of the 
rocker, or frame, which carries the 
brush sets. The other brush set is 
behind the upper part of the com- 
mutator. 

This particular mach inc is designed 
to run at 640 revolutions per minute, 
and to give out a current of 80 
amperes at 250 volts. 1 1 will, then^- 
fore, at full load give an output of 
250 X 80 watts— that is, 20,000 
watts, or 20 kilowatts. And that 
it may do this one must put into it 
mechanically at least 20 kilowatts 
of mechanical power. Now (p. 232), 66. coMMuxATozi 

I kilowatt = l*34-bor8e power ; 
therefore this machine will require 20 x 1-34 —26*8 
horse power at least. But in all machines there 



are certain losses due to friction, resistance, etc. 
If this machine has an efficiency of 04 per cent., 
then to get the 20 kilowatts 
(which are the equivalent of 26 8 
horse power) out of it, we must 
put into it 26*80 x KK) 94 
28*5-horse power. 

Forms of Field-Magnets. 
Almost all modern dynamos have 
four or more poles, but many 
old generators and many small 
motors of recent date have but 
two poles. Fig. 51 illustrates a 
bipolar form, suitable for small, 
(‘iiclosed motors, having the pole- 
cores projecting inwardly from 
the surrounding yoke. Figs. 52 
and 53 illustrate other bipolar 
forms, the field-magnet being here a species of 
horseshoe, with its poles upward or downward. 
This form is still met with in open motors. Fig. 

54 is a further development, 
in w’hich the whole of the 
exciting coil is wound upon 
a single core. Multi ixdar 

fnrms are preferred for all 
large machines, and are 
illustrated in 55 to 60. 
Fig. 55 is a four-pole form, 
practically identical with the 
magnets of 50. Fig. 56 is a 
more special form, in which 
two of the poles only are wound with exciting 
coils, the other two being left unwound. Fig. 
58 is a six-pole form, often used for machines of 
- 100 to 300 kilo- 
watts. Fig. 59 is 
an eight -pole tram- 
way generator ; it 
shows how the cast 
ing is divided into 
an upper and a 
lower half, and 
ow the whole 
frame is supported. 
l*^ig. 60 gives a 
view of three 
polos of a large 
24'pol(‘ generator of 2,00() kilowatts (2,680-hors(‘ 
power). In these large sizes the frame is 
sti<Tcned by two projecting ribs that run 
round it. In many esises the ends 
of the poles next the armature are 
enlarged by the addition of po/c- 
shoes. Fig. 57 is a four- pole form, 
made very compact, of the palUari 
much used for tramway motors. 

Armature Cores. The core- 
body which receives the eojifier 
winding is nowadays always built 
up of thin care-discs, or stampings 
of very soft sJicet steel, about r,'o m. 
thick. In small machines these 
core-discs are stamped out in one 
piece, like 63, which has a central 
Irolo to admit the shaft, and venti- 
lation holes. It is toothed at the periphery in 
order that when these discs, to the number of 


1009 


GROUP 16 ->BLBCTRICITY 


Bomo hundreds, have been assembled on 
the shaft, the core body shall be furnished at 
its outer part with a series of longitudinal 
grooves, or alotSf in which the copper windings 
can be placed. For armatures that are over 
3 ft. in diameter the cores are built up of 
segments of thin steel, like 64, attached by bolts 
or dovetail clampings to a central hub. The 
object of thus ouilding the core 
bodies of asac*mbled laminations is ^ 

to prevent the waste of energy and ^ 

consequent heating, which would ^ 

occur by reason of parasitic currents 
induced in the mass if it were of 
solid iron. The thin sheets must 
be lightly insulated from one 
another by paper or lacquer. 07 * 

Armature WindiAgs. The 
conductors that are to be coiled on the core 
consist, in small dynamos, of copper wire, cotton- 
covered, and well lat^quered. In very largo 
machines they consist of drawn copper strip 
insulated by a covering of tape and lacquer. 
The proper number and arrangement of these 
conductors will presently be considered. In 
modern standard machines the coils of the 
armature are shaped upon wooden 
moulds, or formers, prior to being 
put into their places in the slots. 

Fig. 61 shows such a coil, con* 
sisting, in fact, of three separate 
coils taped up together for con- / 
vcnienco in handling. They are 


bled on north pole, the other side ought to be passing 
lished at under a south pole, and then the two electro- 
gitudinal motive forces induced will help one another to 
windings drive the current around that loop . 
are over Commutator Construction* The com- 
It up of mutator consists of a number of bars, or 
I by bolts strips, of copper, of a slightly tapering section 
ab. The assembled together to form a cylindrical 
structure, as depicted in 66. The 
• m separate bars aro insulated from 
L^\ another with strips of mica, 

A 0 030 in. thick, interposed 

between them. The bars aro shaped 
like 62, with dovetail corners on 
their under side, so that they can 
be securely clamped between end- 
67. A COPPER BRUSH ^^bccks, and mounted on a shell, or 
hub, that is sceured on the 
the core armature shaft. Insulating collars of built-up 
0, cotton- mica are interposed between the bars and the 
cry largo clamping cheeks of the shell, so that each indi- 
per strip vidual bar is electrically isolated from contact 
lacquer, with the neighbouring metallic parts. At the 
of these end of each bar of tlu^ commutator is attached 
jrod. In a metallic strip, called a riser, by means of which 
s of the the bar is connected to the armature windings. 

. Thus, if the commutator has, say, 

1 1 1 bars, there will be 111 risers 
connected to the winding, at 111 
equidistant points. 

I'igv 65 shows an armature 
^ complete, with the commutator. 

The dark markings show ventila- 


curiously kinked, or twisted at the 68. a carbon brush ting ducts between the windings. 


end -bends to permit of their being 
as.sembled in the slots, overlapping one another, 
each slot receiving i^wo “side.s” of coils, lying 
one above the other in the slot. 

Re-entrant Windings. The coils, after 
being put in place, aro joined up together in a 
particulai order, the end of one being joined 
to the beginning of the next, so that they 
form a continuous series, the end of the 
last one being linally united 
to the beginning of the 
first, and the whole scries 
becoming, therefore, one 
entrant circuit. If a current 
bo brought to any point of a ¥ 
rc -entrant circuit, and leave / 
that circuit at any other 
point, it will obviously have W 

two possible paths of how 
from the one point to the 
other. In every armature 
there are, therefore, at least ok 

ttvo paths through the wind- ^ 

ings ; and, as wc shall see, 
there aro often more two brush ge. 

'jpalhs. 

Winding Pitch. Consider any loop of the 
winding, such as the loop shown in 61. If a 
current is flowing around such a loop, it obviously 
will flow up one side and down the other. To 


69. brush gear and rocker 


The end- bends, as well as the wires 
in the slots, are held down firmly by numerous 
bands of stool binding wires. 

Brushes and Brush Gear. The name 
brushes was given to the stationary contact, 
pieces which collect the current from the 
commutator, because in the early machines they 
were literally made of bundles of springy brasj 
wire. Nowadays, they are either made of 
, bundles of copper gauze or 
copper strips, clamped in 
suitable brush-holders [67], or 
more often of blocks of fine 
carbon [68]. held in holders, 
which press with a springy 
\ pressure upon the surface of 
I the revolving commutator. 
I In order to adjust the 
J bruslies to the proper 
Jj position to collect the 
o J . current without^s^ sparking, 
they are fixed to an adjust- 
able frame called the rocker, 
ijwii which is itself borne upon 

t AND ROCKER bearing, or else bracketed 

out from the magnet frame. 
Fig. 69 depicts a brush rocker, showing four sets 
of carbon brushes together with the pieces of 
flexible cable to connect them togetner, two 
and two, and to carry off the current to the 


drive the current around the loop by its own ^circuit. There are two carbon brushes in each 


inductive^ act iox^ as it , whirls . post the polos, it 
Ought clei^ly to be Of such a breadth from side 
to side that, while one side is passing under a 


set. Fig. 70 depicts the brush gear of a much 
larger machine, having no fewer than 120 carbon 
brushes, arranged in 12 sets'* of 10 brushes 





70 . A 2000-KILOWATT AIND 500-V01.T GENERATOR OF THE COMPENSATEO TYPE 
From a vhotofltraph by cmirtcay oi the llritish WeatinifhouBo £l«viiie and ManuIoDturlng Company 
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per set. Carbon brushes will collect from 30 
to 40 amperes for each square inch of contact 
surface. Copper brushes need only about one- 
third as much contact surface as carbon brushes. 

Calculation of Magnet Windings. To 

oxcite the magnetism in the dynamo, coils 
must be wound upon the pole-cores of the field- 
magnet ; or, rather, coils must be prcjmrcd with 
the prof)er iiurnher of windings of wire of the 
right thickness and with the right number of 
turns, being wound up on a lathe, and afterwards 
slipped into their places on the pole-cores. It 
is evident, therefore, that some previous cal- 
culation is necessary to enable the engineer to 
ascertain what windings will be right for any 
particular machine. Sutjh calculations are m«ade 
in two stages : first, to find the total amount 
of excitation, in nmpere-Uirm [see page 49hJ, 
that will be needed ; after that, to ascertain 
the particular size of wire and number of coils 
that will answer this need. 

Conception of Magnet Circuit. It 

was pointed out on page 497 that if in any 
magnetic circuit there are gaps — that is, if the 
magnetic lines have to emerge from the iron 
core into the air to cross the air-gap and then 
re-enter the iron — it will bo necessary to provide 
a much greater ciroulation of current than 
would sulKce to magnetise to the same degree 
if there were no gaps. The reason of this is 
that iron is much inorcr permeable to magnetism 
than air is. Now, whenever the question arises 
how many nmpere-lurns of excitation are nc^ees- 
sary, one must examine two preliminary condi- 
tions — namely, what is the nature of the mag- 
netic circuit, and how gr<*)it a flux is to be j)r()- 
ducod therein. Jn a simple* horseshoe electro- 
magnet, such as 26 [page 495J, the magnetic 
circuit, or path, consists partly of iron, partly 
of air. The magnetic flux which emerges from 
the north -pole surface crosses a gap into the 
iron keeper, traverses the ki^cper, 
emerges again into the air o])po- ],{, tor | 

site the south ])ole, crosses the A.-r !! 2 

gap again, and re-on t(TS the iron - f’ «t*««dcd for oi 
core at the south pole, and fol- X.dal 

lows the iron .arch round to the 
north polo again. Iti a bipolar dynamo, such 
as 52 or 53, the magnetic circuit is much like 
that of the horseslioe electromagnet, ex(;ei)t 
that the gaps are very narrow. In a multipolar 
dynamo, such as 50, 59, or 60, there are a 
number of independent magnetic circuits. For 
instance, in 60, if the middle pole is the north 
pole, the magnetic flux that comes down the 
middle pole-core and crosses the gap into the 
armature core will divide, half the lines going 
to the right and recrossing the gap to go up 
the right-hand south-pole core, the other half 
going to the left to recross the gap under the left- 
hand south-pole core. In all such ca.si'.s wo 
have to calculate separatelj’^ the excitation needed 
to send the flux through the different parts, and 
we must then total up the result for a whole 
magetic circuit. 

The calculation is complicated by the cir- 
cumstance that there is always a little magnetic 
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dispersion — that is, some of the flux which 
emerges from the pole does not cross the gap 
and enter the armature, but leaks by some 
lateral path to the neighbouring south polos. 
By experience we can ascertain ho\v much to 
allow as a leakage coefficient. In ordinary multi- 
polar dynamos 20 per cent, is an ample allowance. 

Rules to Calculate the Excitation. 

For air-gaps, the rule is that the necessary ampere- 
turns, per inch, arc equal to the flux-density in 
the gap multiplied by the gap coefficient 0*3133. 
In any iron part we have to calculate by 
reference to curves of statistics of the mag- 
netism of iron of similar quality, and find 
from such curves how many ampere- turns per 
inch length of path arc needed to produce 
in that kind of iron the required flux-density, 
and then multiply up the figure so found by 
the number of inches’ length of that ])art. 

For example, if wc had the four-])olo dynamo 
[50] ready built, but still requiring its winding, 
we should know that the flux from the pole was 
to be 2,700,000 lines net, or (allowing 20 per 
cent, for dispersion) .3,240, 000 lines in the poles 
core. Further, if the area of pole surface is 
.50 sq. in., the flux-density in the air-gap will 
be 48,000 linos ])er square inch. Also, if the 
pole-core section is 50 sq. in., the density in the 
iron will be 05,000 lines per square in. Moreover, 
if the teeth are so narrow that the effective 
section of those under one pole is only 20 sq. in., 
the density in th(‘m will bo 135,000. Now, 
sufipose the air-gap to b(^ half an ineh wide, the 
teeth one inch long, the pole-coro eight inches 
long. Also su[)pose the curves of statistics to 
show that to prorluce a flux-density of 05,000 in 
the mild steel of the polc-corcs required 14 
am[>ere-turns per inch, and to produce a density 
of 135,000 in the armature stampings required 
1200 ampere-turns per inch, wa then have 
the following calculation for a magnetic circuit: 

air-caps -- 2 x 48,000 x 0 3133 x 0 5 — 15,038 

tccLh 2 X 1,200 X 1 == 2,400 

polo-cgres ^2x 14x8 == 224 

!19 I)i(‘Co of core-body and one piece of yoke, say, oOO 

amper,*-tiirns needed per pair of poles 18 462 

Hence, each pole must carry wire enough to 
provide 9231 ampere-turns. 

To find the right size of wire we have the rule 
that it must bo such that its resistance per inch 
length will be equal to the voltage divided by the 
required number of ampere-turns and by the 
mean length per turn of the coil. Now, this 
dynanio is for 260 volts, so that tlftfire will be 
available (allowing 30 volts for regulating 
rheostat) 220 volts — that is, 55 volts for each of 
the four coils The mean length of one turn will 
be about 35 in. Hence the wire must have a 
resistance of 55 -4- (9231 x 35) =: 0*00017 ohms 
per inch length. This will be a No. 15 S.W.G. 
wire, the diameter of which is 0*072 in. 

In case any such calculation results in requiring 
a wire that does not exactly correspond to any 
particular size of standard gauge, the standard 
wire of the next larger size should be taken. 

SILVANUS P. THOMPSON 
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Transposing at Sight and on Paper. Changing Accidentais. 
Reading by Intervals. Score Reading. Transposing Instruments. 

TRANSPOSITION 


'The art of transposition is not modern. 
* the days of Greece. Claudius Ptolemy ti 


In 

! days of (heeee. Claudius Ptolemy trans- 
posed the “Hymn of Memesis” from the old 
high pitch of the scab* of Alypius a fourth lower. 
But the Greek system of musical notation was 
different from ours, though in certain respects 
analogous, because the modern tone-system has 
been partly evolved through the old ecclesias- 
tical modes. 

Ancient Methods of Transposition. 

In old missals dated A.n. 1.300-1400, transposi- 
tion from one mode to another was regulated by 
the distinctive colouring of certain of the notes. 
Coming to later times, Loulie, a French musician, 
wrote an ingenious hook in lOOS published by 
Kstienne Roger, of Amsterdam. In this the. 
author explains the nature of transposition, 
and sets forth a methofl of reducing music 
into any of the k(‘ys denoted, either by the 
acute or grave signature's, and translating* them 
back again into the original, or radical, keys. 

DeHnition. In music, the word transposition 
has several meanings, hut its usual signification 
is the rendering of a composition in another key 
than that in which it is written. This is done 
either by copying out, singing, or playing a piece 
l)y altering the pitch ecpially from start to finish 
— whether a semitone, tone, major or minor 
third, higher or low(‘r, as may be desired. [See 
'rHEOKY OF Music.] 


Transposing on Paper. To alter the 
key in which a piece is composed by translating 
it into a dilTerent scale is easy enough on paper. 
Such pen-and-ink exercises snould always sup- 
plement a student’s practical studies. In order 
to master his instrument, he should practise 
each study in as many different keys as possible. 
The most economical way of getting the notation 
for this is to transpose the exercise on paper. 

The first point is to find the new tonic, or 
keynote. After this has been done, alter the key 
signature' accordingly., 'llio rest in a straight- 
forward diatonic’, composition is a matter of care- 
fully copying out each note at an equal distance 
above or below the original. 

Transposing Melodies. Taking the notes 
of the three centre octaves of a piano — of which 
the C just over the lock gives the middle, or 
first ledgi'i’ line^ C beneath the G clef — .substi- 
tute the numbers I to 7 for the letters C to B 
inclusive. Employ ordinary numerals for tlic 
centre, or 2 ft., octave. Acid an acute accent 
to each tigure' upwards in the next, or 1 ft., 
oidave, two acetmis for the 0 in. treble octave, 
and three accents for* the II in. high treble 
octave. To discriminate the lower notes, attach 
a single comma below each number in the 4 ft. 
octave, two commas to each in the ffft. bass 
octave, and three in th.‘ 10 ft. low bass 
octave. 


Intervals. Such numbers represent intervals which are alike in all keys although the names, 
or letters, of the notes alter. Number the scale of C major thus : 

8ft. octave. 4ft. octave. 2ft. octave. 1 ft. octave. 


C H E F G A B ^ m 0 ^ f- 

< 4 c. 7,. 1. 2, 3 4,f ^ S J t o 


T 


5 0 7 1' 2’ 





4 ' 5 ' 0 ’ f 


Suppose the melody is as follows; 





-4^' 

1 

It is required to be transposed, say, a fourth. A fourth above C is F. F major has one tlat- 
Beginning at F, write out anri number a similar scale with .the one flat. signature, thus: 





The student, who may know nothing of music, by taking these numbers and writing the notes 
1 their new places, will be able to transpo.se the melody corroofly from C to F, thus: 



theory i PRACTICE OF ALL MUSICAL INSTRUMENTS, ELOCUTION, A SIN0IN6 
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The first esaontial, therefore, is to recognise 
quickly the distance of each note from the first, 
or tonic, of the scale. By inscribing simple 
exercises of one octave, and transposing the 
notes systematically into all the keys, the 
beginner will soon become accustomed to 
reckon with the eye the proper position fo' 
each note, and will then be able to dispense 
with the figures. 

Obviously, the transposition on paper of any 
diatonic melody presmts no difficulty to the 
scribe, since all that has to be done is to calculate 
the higher or lower position needed for each note. 

Transposing at Sight. It is, however, 
not infrequently the case that a pianist or 
organist is required to trajispose a piece of music 
at sight to suit a singer. The task is then more 
arduous. But it has to bo done. For that 
reason, candidates for examination for the 
Incorporated Soi'ic^ty of Musicians, the Asso- 
ciated Board, the Royal (College of Organisls, 
and other institutions, are required to show. 
r.?asonable ability in this respect. 

Concert Pitch. When, in 1896, the 
London Philharmonic Society discarded the high 
military pitch, and came into tune with the music 
of the Continent by lowering the British standard 
to the note repres(;nted by A, giving 439 entire 
vibrations per second wlicn t(‘stod at a concert- 
room temperature of 08 degrees Fahrenheit, the 
change was widely welcomed by singcu’s, whose 
voices were unn(H!cssarily strained by the 
military band pitch. But, owing to the great 
expense of re-tuning and re-voicing large organs, 
it happens to-day tliat when musicians reinforce 
a church choir with wind instruments at the new 
pitch, or if the organ has boon altered and bands- 
men bring in instruments at the old pitcli, the 
organist is forced to transpose at sight a semi- 
tone lower or higher, as the case may be. 

Ho cannot, like the guitarist, alter the pitch 
of his instrument by putting on a capotasto, 
‘neither can ho adopt the device of the violinist 
calk'd the scordaiura, and thereby deviate from 
the ordinary timing as required. 

Extreme Keys. Usually, all that is 
Avanted is to transpose a semitone up or down. 
In this case the task is comparatively easy. 
Taking C major and A minor as the normal 
scales of our musical system, all the pianist or 
organist has to do ivhen reipiired to raise the 
pitch lialf a tone is to change mentally the 
signature to C sharp major or A sharp minor. 
Should the sounds have to be lowered, the trans- 
poser imagines that the signature is C flat 
major or A flat minor. It may he argued that 
extreme keys, bristling with sharps or flats, are 
veiy difficult. That depends on whether the 
Student has, or has not, taken the trouble to 
accustom himself to them. He will now per- 
ceive, in a way which may not have been before 
apparent, why it is advantageous to practise as 
often as possible scales which have many 
accidentals. 

Changing Accidentals. To understand 
this method transposition, it is better not 
to begin with u or A. Take a hymn in the k^, 
say, of E major, like Bamby's ** St. Hilda.*’ To 
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transpose it down to E flat major, obliterate 
from the mind the printed si^ature of four 
sharps. In their place think of the three flats B, 
E, and A. Then play the music as written, except 
when an accidental occurs. As the key is lowered 
half a tone, w^henever a natural arrives in the 
music the mind must transform that natural 
into a flat. When a sharp comes along, imagine 
that it is a natural. In the same way, a double 
sharp must convert itself into a single sharp, 
and a single flat into a double flat. Wo have 
only space here to quote the 6th lino : 


St. Hilda.” 


Babnby. 




1 1 1 l-r 1 






^ ; I 








Transposed a half-tone lower. 






I — (■ 


0m 




-j- j_i j_Ll 


On the other liand, if the liymn chosen is in 
E flat major, and has to bo transposed a semi- 
tone upwards^ the mental process is reversed. 

Obliterate from the mind the signature of 
the three flats. In their places substitute the 
four sharps F, C, G, and D. Wliorover a natural 
occurs on the printed page, it must become a 
sharp. A fiat changes into a natural, a sharp 
into a double sharp, and a double flat dissolve.^ 
into a single flat. 



Reading by Intervale. It, ia when we 
come to transposition at intervals of a third. 
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fourth, fifth, and so on, higher or lower, that the long and constant practice. A privileged 
task of the reader increases in difficulty. On minority seems to develop the knack by instinct, 
such occasions the player must be either well With such jilayers, as in the case of that ideal 
acquainted with the rules of harmony or familiar accompanist Mr. Henry Bird, transposition is 
with the piece before he attempts to transpose, always made artistically. The best part of the 
The eye then reads by intervals rather than by pianoforte is, or should bo, its middle register, 
actual notes. Infant prodigies at the piano To tran.spose a piece a fifth, sixth, or seventh 
can go to the instrument and play by ear lower than it is written may entirely alter the 
melodies they have hoard with appropriate character of an accoinpaiiiment, and cause it 
harmonies. Usually they are capable of playing to sound lugubrious in a way never intended, 
the tunc in any key they fancy. This gift comes Retaining the Composer’s Intention, 
naturally to them, It is called “ playing by This is one of the objections musicians have to 
ear.” The child cannot analyse the way in mechanically transposing keyboards, the main 
which the result is obtained. But the moral one, of course, being that they cannot take such 
of this is that the younger the student contrivances about with them like fiddles. By 
happens to be, the better is his chance of occasionally altering the disposition of the written 
becoming a skilful transposer if he gives his notes in arpeggios or chords, the aecom})lishod 
mind, while it is yet plastic, to this useful branch accompanist contrives to enhance the effect of 
of musical study. tlu^ voice, and conimiini(!ate the nature of the 

In transposing to a key more than a original composition, thus retaining the inten- 
semitone higher or low’er, the player who has tion of the composer. The class of musician 
studied harmony docs not trust to chance, most accustomed to transposing at sight is the 
He takes his cue from the lowest note. From orchestral player. For him it is less difficult 
that he builds up the superstructure grammati- than tlie pianist. He reads from only one stave, 
cally. To do this requires, wdth most players, and usually a succ*cssion of single notes. 

The Clefs. The pianist ordinarily confines his attention to the treble and the bass 

clefs. But the studious instrumentalist who has made himself conversant with the various t) 
clefs is able to use these when transposing at sight, and thus save himself all trouble of 
calculating intervals. In the days of Purcell these extra clefs were common in vocal music. 
With the exception of the tenor clef, they are now’ seldom used. Instead of C being indicatc‘d 
on the lirst ledger line below the staff, as it is 
when our O, or treble, olcf is used, the soprano 
clef places that note on the first line, the mezzo- r 0 
soprano clef causes it to rest on f he second line, 1^ 
the alto on tlio third line, and the tenor on the 
fourth line, thus : 



The Soprano Clef. Tht^ music transposes itself automatically by substituting tlu* 
soprano C mentally for the treble G (^lef, and playing the notes as written, remembering the 
requisite accidentals for the new signature. Read in this manner, the substituted clef 
eau.ses the music to sound a third lower or a sixth higher. Thus, if the original is in C major, 
it is now’ heard in the k(‘y of A major. Therefore, ev(‘ry F, C\ and (3 must become sharp. 



. The Mexzo»soprano. When the mezzo-.soprano 0 clef mentally supersedes the G treble 
clef, and the signature of the new key is borne in mind, the player is able to render the prinUul 
notes at once a fifth lower or a fourth higher. Consequently, if the original is in C, the key. 
will now’ be F, w ith one flat — B. If in B flat the transposition will bo to E flat, thu'?: 


i|ild 


-!2. b^- 






Handel. 

- - 

t, -- etc. 


The same notes transposed a fifth lower, or fourth higher if an “8vo” is imagined above them. 
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The Alto. Reading in the alto in place of the G clef, the player transposes a seventh 
lower or a second higher. A piece written in C major, but taken in the alto clef, will thus 
sour'd in D major, with two sharps — F and C. Haydn 





The Tenor. In the same way, the player can transpose music written in the G clef a 
ninth lower by reading it in the tenor clef, so that a piece in C major played in the tenor 
clef (giving 2 ft. C on its fourth line) will sound in the key of B, with five sharps — P, C, G, D, 
and A ; in other words — irrespective of octave pitch — a second lower or a seventh higher; 

Beethoven. 



Same notes transposed by means of C tenor clef. 



So here we have a ready method of transposition of a third, fifth, seventh, and ninth without the 
trouble of calculating intervals. 

The Baas. But the resources of the instrumentalist are not yet exhausted. If he obliterates 
the G clef and puts in its place the F, or bass, he lowers the tone a tiiird. But he must then 
road the sounds a double octave higher than they arc written. Supposing the key of the 
original to be C major, the note sounded will now bo in A, with three sharps — P, C, and G. 


Having affixed mentally the requisite signature, the notes if played in treble clef would read; 



The intelligent student will not lack employment, no matter what instrument he takes up, if 
he translates systematically the exercises he practisins into different keys by means of the various 
C clefs. When reading the notes with any C clef, the sound can be also transposed, either up 
or down a semitone, by making mentally a further variation in the signature, in the manner 
already explained. But this must not be attempted before the student has accustomed himself 
to reading various exercises in the old vocal clefs and the baas. 

Score Reading. The student who Moreover, musical notation has the gift of 
neglects to make himself acquainted with trans- brevity. The longest sentence penned can be 

position will never become proficient in reading portrayed vertically in a single sustained chord, 

an orchestral score. To comprehend an old vocal If we examine the opening page of a full score, 

score where the various C clefs are used, the it will be observed that only certain instruments 

mental process indicated for translating the such as the violin, trombones, the oboe and 

sound from the G into the C clefs is, of course, bassoon in C, the harp and organ, play the notes 

reversed by the beginner, in the same way that as wr itten. These instruments are called ** non- 

an English schoolboy learning French at first transposing.’’ 44 , . 

slowly translates every French word into its Transposing Instruments. On the 
English equivalent before understanding it. other hand, the student will observe that the 

A Full Score. If we take a modern full clarionet in A sounds a minor third lower than 
score, we may find some 30 different parts, printed notes ; that the trumpet in E flat 
ranged one above the other. A non-musician, expresses itself a minor third higher, and that the 

accustomed to read a single line of letterpress born in D utters its sound a seventh lower. ^ In 

from left to right, regards such notation as hope- mditar^coring there are many such complica- 

lessly complicated. Yet it is far superior to his tions. The modern composer, anxious to startle^jA 
own. It conveys not only the exact rhythm and course, at liberty to avail himself of any 

speed at which every syllable should be read, but every tone-colour his fancy dictates, 

also the menialinood in which it must be received. ALGERNON ROSE 
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Flax and Hemp Production. Jute Growing. 

Ramie Fibre. Paper as a Source of Yarn. 

THE BAST FIBRES 

F lax and wool are the two traditional raw io heavy olay, although the straw grows long, 

materials of British textile industry, and, the fibre is not tine. In Russia, which is the 

had not flax — or linen — been superseded in many principal producing country and is accountable 

directions by the cheaper fibre cotton, it must for about a (piarter of a million tons a year, 

have filled a larger place today. The replace* culture of flax jointly for seed and tibre is 

ment is evident from the common speech, for found more prolifable than that of any ordinary 

we still speak of bed-linen, although few sleep cereal. I"lax does not need cutting in harvest- 

between other than cotton she(;ts. TAnsey- hig, and it can bc^ grown on any irregular grounc 

u>oolseyf the now obsolescent name for union on which the surface soil is good, 

woollen fabrics, jioints to the time when linen Flax -growing. The plant is an annual 
warps were used instead of cotton ones to make with a slender stem and lance-shaped leaves, 
mixed woollen goods. Until about 140 years and it bears flowers which are normally sky- 
ago, when machine-spun cotton yarn came upon blue b\it sometimes white. Tlui flowc'rs ar(? 
the market, cottons were only one-half cotton, followed by tive-lobed globular capsules the size; 
the warp being always linen. 'Fhe course of of peas, within which is found the seed. Th(^ 
subsequent development has confined flax to jdants grow two or threci feet high, and, in ordiT 
special uses for which no other fibre is quite so to restrain their tendency to branch out, it is 
advantageous; but, next to cotton, flax remains usual to sow them closely together, so that the 
the most considerable of the veg(;tablo fibres. bram^hes are confined to tlu^ tops of the stalks. 

Cotton and Flax Fibre Compared. We About four months after sowing the yellowing 
have seen that cotton is a seed hair. Flax, of the straw and tlm drooping of the lower 
upon the other hand, is a bast fibre occurring leaves show that the time is ripe for pulling the 
between the woody stem and the epidermis of a fdanls, and the harvestmg begins. Fi(‘ld 
plant. Both muirly pure cellulose, but methods vary in d(4ail in difTerent places, but 
owing to the difference in the manner of growth in all the roots are pulled out of the ground, 

there are marked variations in the cellular A sheaf or fteef is made by tying together a bundle 

structure and in the characterLstidB which affect of stems of similar length, the soil is kno(^ki‘d 
the manufactuo'. Cotton is a short fibre, and away from the root, ami the sheaves are left to 
flax, in the condition in which it comes into the dry. After a litth^ while th(^ sei'd capsules may 
market, is a long one, 12 to 30 inches in length, bo torn away or rippled off by pulling the heatl 
but consisting ultimately of short lengths of. the sheaf through the s]>ikos of a heavy 
bound together by pectme or wax. uj)right conib, and the grain may lx* liberated 

Seen through the microscope the tlax fibre from the chaff by thrashing with a heavy tool, 
is found to be pitted along its .sides, and these Often the sei'd is neglected, laicausii when flax 
})its act as does the natural twist in the cotton is grown for fibn* th(5 grain is immature at 
fibre. They pre^vent the slipping of one fibre harvest time*. Before ])roce(*diug to (‘xtraet the 

over another and assist the formation of yarn. fibre it is best to stack the stems for one year. 

The Source of Flax. The source of flax is The fibre does not eomi^ away willingly, and 
Linum vsitatiasimus, the plant which grows means have to be taken tt) detach it from thr! 

also the valuable commodity linseed, hi some wood and the bark. A i)roeoss of formentatit)n, 
parts of the world the flax ])lant is cultivated known as rettiny, is used, 
solely for seed. This is the case in hot couiitric.s, Recovering the Fibre. There arc throe 

like India, where the fibres grow coarse under the main methods of retting. The simplest and least 

influence of the sun. In North America linseed advantageous method is dew-rotting, as practised 
is often grown as a first crop upon virgin land ; in Russia, the United States, and in parts of 
and seed crops are raised on virgin soil, or on some other countries. The stems are exposed 

land that has long lain fallow, in the black-soil to the action of dew until the straw is suf- 

provinces of Russia. Seeding exhausts the soil ficiently decomposed to yield up its fibre freely, 

heavily, and when flax is grown for its fibre Dow-rettiiig gives soft fibre, but as the action 

the seed is not allowed to mature. It is found is irregular and fermentation proceeds faster 

in Ireland that any soil good enough for wheat, in some parts of the stem than in others, the 

oats, or barley will serve for flax, but crops colour, strength, and length are uncertain. The 

can only be taken from the same soil at intervals Russian Slanetz flaxes arc dew-retted, and fetch 

^ seven or preferably twelve years apart. In much less than the pool-retted or Motchinelz 

Belgium, where the plant is highly cultivated fibre. Water-retting is best done in rain water, 

And from whence the best flax comes, a dee]) or, at least, in very soft water, free from iron, 

but not too . heavy soil is considered best. In Ume, or salt, as these impurities affect the colour of 
dry, chalky soil the stalks grow short ; and the fibre and interfere with the result. Pits in 
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wliioh vegetable matter grows and which have 
been exposed to the sun for sonic weeks are 
suitable for retting ; in Ireland farmers some- 
times make use of natural bogholes. The better 
way is to use artificial pits dug with sloping 
sides. The sides should bo straw covered to 
protect the flax from contamination with dirt, 
and the sheaves themselves pilc*d upright and 
root downward until the tank is fidl. Straw 
and w(Mghls are placed on the top to hold the 
whole under water, and water is poured in. 

The time taken in retting to sindi a point that 
the wood snaps easily varies with the tempera- 
ture. Heat is geniTated during tlu^ f(‘rmenta- 
tion and evil-smelling gases an* giv(‘n off. On 
the fifth or sixth day deeomi)ositioii has usually 
gone far enough, and as soon as the 
libre pulls readily off the woody 
(tore the sheaves are removed. TIki 
bundles are rinsed one by one as 
they are lifted out of tlic jjool and 
are again ])laeed on end to dry. A 
silkicT feeling is lent to the flax if 
the retted and (lri('d stems are again 
staeked for a f(‘W we(‘ks befon* tlut 
procitss of arutr/uHfj begins. 

The Courtrai Treatment. 

( Vnirtrai flax, the most highly juized 
of any, is reltc'd not in pools l)iit in 
the slow currrut of the rivMT Lys, 
whose wat(T is suppos(‘d to bet b<‘tt(‘r 
for retting flax and bl<‘aehing textiles 
than that of any oUkt in the world. 

The bundles are ])a(!ke(l upright in 
wooden crates made with a solid 
floor and sides that are open but 
for the canvas that is stretched round 
to keep out impurities. 

Tint crates, liolding from one to 
one and a half tons of steais, ari* 
launched, wluui^full, into the stream, 
and weights are laid on them to 
submerge them. Fermentation sets 
ill, and the liberation of gases 
gradually raises tbt^ crates in the Avater, and, 
after a period of four to lift ecu days, the 
package is hauled, to the bank. The. flax is 
^ lifted out and set to dry, and after drying 
"is given a s(*cond and sometimes a third im- 
jiKTsioii. The treatment and tin? jieculiar pro- 
perties of the water of the Lys giv(* Flemish 
flax its admired golden colour.' The retting is 
done not by the growers but by flax merchants 
whose large and continuous experience enabl(*s 
them to deal with material to the best advantage, 

BreaKing, Scutching, and Buffing, The 
retted flax has then to bo converted into linen, 
or line, to use the name by which the fibre is 
more usually called. The bark or shire and the 
wood or boon have to be brought away, and for 
this pur|X)8e the first operation is to pass the 
st raw through a flax breuL Th is is a machine with 
a series of fluted rollers through which the stems 
are passed. The flu tings are of dift’erent width.s, 
so that the woody matter shall be broken into 
small pieces and be removable with as little effort 
as jiossible in the sucrceeding scutching machine. 
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The scutcher consists of a shaft bearing radial 
arms carrying hardw ood blades. The flax straw 
is fed in stricks or handfuls through a slot, and 
the blades, beating against the straw, knock out 
and carry back the w^ood and dust and allow the 
cleaned flax to fall into a receptacle below. 
Scutching is followed by buffing or finishing, in 
course of whioji process the flax is re-cleaned by 
exactly similar means and is -then rcfidy for the 
hackling which constitutes the first process of 
manufacture. Jri course of scutching a certain 
amount of short fibre is formed, and this is 
known alternatively as codilla or scutcher's tow — 
a different product from the ordinary tow pro- 
duced in hackling. 

The Irish llax(*.s are known under several 
district names and sold usually by 
thi^ stone of 14 lb. The Courtrai 
flaxes are llie yellowish ones retted 
ill the l.ys, and tlie.se are distinguisluid 
from 1h(* blue Flemish flax rolU'd in 
water-holes. The so-called White 
J)ulch flaxo.s are river-retted, but 
most Hutch flaxes are a dark grey. 
French flaxt^s, pn'jiarod partly by 
dew follovvi'd by water-retting, are 
of lesf, cousefpieiiee than the fore- 
going. Th(‘ Kussian flax(\s are 
ex])ort(Ml principally from Riga, 
Windaii, and Li ban. The Russian 
basis (juality is Jliga Croums or 
Krous, and this material is graded 
by 11 h‘ selleis and sold under the 
mark K. 4'he various grades are 
i!idi(\it(*d by other initials, and 
betwt‘i‘n (\ieli grade thiTO is a 
cm’tairi standard margin of differ- 
eiUM^ in value. The mark HK 
iiK'ans licjht crown ; WK, white 
crown ; and GK, greg crown. The 
prefix P, as in PK, stands for 
picked crown, and S stands for 
superior. The grades are known 
by eoni binations, such as H8PK, 
or tight, superior, picked crown. The best of 
the thirteiai crown gnules or bracks is SWK or 
Spanish white crown. 

Next to the Crowns are the Wracks (or w'aste 
flaxes), marked \V, and the Hof Dreibands (or 
threo bands), marked HD. Thus, OPW re- 
presents greg picked wrack quality, and SFPHD 
stands for superior, fine, 2^icked Hof Dreiband. 
The third range of Riga qualities arc the ordinary 
Dreibands, marked j5 ; the prefix L attached to 
them signifies Livland (the soumc of origin), 
and H stands for Slanetz or dew-retted. 

The best flaxes from the Pskoff province are 
marked R, the initial letter of .Histen (very 
highest). Those shipped from Konigsberg are 
graded in the Riga manner, with the addition 
of M, signifying Marienhurg. Quality standards 
were formerly official, and were instituted 
originally under pressure from British merchants, 
in the time of Peter the Great. They now repre- 
.sent the standards of individual exporters, 
most of whom arc of German nationality, estab- 
lished in the Baltic jiorts. 
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Hemp Production. Tho hemp weaving trade 
is scarcely separable from the heavy linen trade, 
but hemp is rather a material for cordage than 
for textiles. In its practical aspect hemp may b(^ 
regarded as a coarser flax, and although produced 
by a different plant there are many points of 
resemblance between these fibres. Hemp is 
raised jointly for seed and for fibre, and it also 
is a bast fibre requiring to be fr(?ed by retting. 

The producer is a plant of the nettle order. 
Cannabis saliva, which grows best in a mild and 
humid climate, and resembles flax in making 
severe drains upon the constituc^nts of tho soil. 
Hemp was formerly grown on a considtu'able 
scale in these islands, and is raised still in 
Russia, Italy, Austria, and France, as well as in 
China and Japan. The crop is thickly sown 
when the fibre is intended for sj^inning, and 
more sparsely when the bast is only wanted for 
rope. In the former case the plant is pulled from 
the ground, as is done with flax. The leaves are 
removed, and the stalks tied into bundles, when 
the roots and the tips are cut off with an axe. 

Hemp is sent to be retted at once after harvest, 
as it is believed to yield a whiter colour than if 
the stalks are allowed to dry. When the fibre 
has been retted and dried, t he stalks are crushed, 
ill France, under a heavy conical roller running 
over iron plates, with the object of softening, 
the fibre. In France the softened hemp is pulled 
into three portions, of which only the bottoms 
are used for making the finer yarn. In Brit- 
tany coarse sheeting and sliirting arc made of 
hemp, but in this country hemp is seldom used 
for other fabrics than canvas. 

Jute. Both flax and hemp meet with a rival 
in jute, a fibre introduced into British industry 
from India sonic eighty years ago. Jute is not 
the equal of cither of them in strength and 
durability, .and it uiidergo(*s deterioration both 
in damp and sunlight. It is, however, ])roduccd 
cheaply and in great quantity. Over three 
million acres of land in Bengal, Assam, Bihar, 
and Orissa are devot-ed to its cultivation, and a 
crop of some nine million bales, each of 400 lb., 
is raised in India. Jute is more woody in nature 
than flax or hemp, and in its composition 
cellulose is combined with lignose. Two varieties 
of the Cor chorus pliant supply the material. 

Jute-growing. Tho crop is .sown betw;pen 
March and June, and three or four months later, 
when the plants begin to flower, they are cut 
down at tho roots. They grow from five to ten 
feet high, and have a stalk about the thickness 
of a man’s finger. The stems are stacked for 
three or four days after cutting, during which 
time the leaves decay and the fibre gains .some- 
what in strength. The stems are bound into 
bundles, and are retted for about ten days in 
pools of water. The bark is pulled off the stalks 
by hand at the time that these are taken from 
the water. Tho fibre under the bark is rinsed 
and wrung out, and hung upon linos to dry 
thoroughly. These strips of fibre range from 
four to seven feet in len^h. The root ends are 
chopped off before packing, and are sold as 
cuttings for the manufacture of cordage and the 


cheapest kinds of jute cloth. Low-class fibre 
is .sold as rejections, and is used in part for 
spinning .and in part for papcrniaking. Desi, a 
dark-coloured jute, is used for sacks, and Deara 
for making ropes. 

Centres of Production. The best fihn^ 
come.s from northern districts of India. Vttarlya 
fet(!hes the highest price, although it is less soft 
than Deswal, the sci^oud in valm*. Market prices 
for jute are quott'd for first marks, and those 
marks consist of names or initials set inside 
geometrical liguri s. They represent tlie standard 
qualities of the pilneipal (‘xporters wJiose work 
is carried on at Faleutta and Chittagong. India 
has virtually a monopol}’^ of jute growing, and 
about half the crop is manufactur'd in Indian 
mills. One variety of jute is grown in tho Sudan 
for th(» sake of its leaves, which are used .as 
vegetables ; and although Sudanese jute tibn^ 
has hitherto bei'ti haisli in eorn[)Mri.son with 
Indian, a samfile grown in tho Up[)er Nik' 
Province has fetched within four fier cent, of the 
value of Calcutta first marks. 

Other Fibres. A number of bast and leaf 
fibres bocar the name of hemj), and are valu.able 
for cordage. The Sunn hemp of tlie Fast Indies, 
Mauritius hemp grown in (k^ylon and (Juei*nslaiid, 
Boivstring hemp from the Baliamas, and, in 
particular, the New Zealand hemp, or Phormium 
tennx, are important. Nt'ither these nor Manila 
hemp are true hemps, or In use for sf)inning. 

One bast fibre w'hieli lias ('xcited attention 
disproportionate to its commercial imporfaiute 
is ramie, the Uiat(*nal from which m.uitles for 
ineaiidesci'nt gas lights are g(‘ner.ally knittt'd. 
This is th(5 prodiK'o of nettle plants, ehietiy th(' 
Boehmeria. lenacissima and the B. nivea, grown 
largely in China, .lapan, llu^ Dutch and British 
Fast Indies, but cultivable over a much wider 
are.a. The plant is a parlieularly (‘asy one to 
grow% and as many as live crops of stalks can bo 
taken from it in one year. 

Ramie Fibre or China Grass. 
Attempts to \Jtilis(^ it meebanically have been 
made for nearly a century, and have mc't with 
only a qualified success. In the Fast ramie h.as 
been used from time immemorial for making 
delicate grass cloths, in which the fibre is not spun,^ 
but is pieced I'lid to end together and w'oven by 
hand. An alternative name for the material is 
China grass, which name properly signifies hand 
cleaned and washed fibre. There arc insuper.able 
commercial reasons why hand-cleaning should 
never be practicable on a great scale. The Chinese, 
who strip the bark and fibre from the stc'uis by 
hand, scrape the fresh strips wuth a bamboo 
knife, and boil the extracted fibre repeatedly 
in a lye made with plant ashes and water. Th(? 
operation succeeds* in producing a clean and 
silky fibre, but tho output per man is m(a(4y 
two or three pounds a day, and tlu^ cost is, of 
course, prohibitive. 

The utilisation of ramie or Rhea fibre is com- 
plicated by the presence within the stalks of a 
powerful and insoluble vegetable gum, and this 
gum is present in the ribbons which come upon 
the European market. Thc.so are strips of fibre 
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witli the bark attached, dried and folded, but 
oth(*rwiso in the Kamo condition as whc‘n they 
were torn from the sti^n upon the plantation. 
Tlic gum is removed in German manufacturing 
practice by a noisome j)roc(‘ss of fermentation, 
l)ut more generally use lias been made of alkalies 
and hot water to obtain from the matted fibre 
and bark a clean, spiiiriable filasse. At its best, 
ramie filasse is of a silky lustre, but this is lost 
when tlu^ libre is improperly degummed. 

The Disadvantages of Ramie. There 
are. however, reasons for the persistent failure of 
ramie to assert itself as a commercial success 
additional to those which reside in the dilliculty 
of degumming. Ramie yarn is calculated to b(‘ 
about eight times stronger than cotton yarn 
of the same number when tested ])y a direct pull, 
but cotton is found to be four times stronger 
than ramie under twisting strains. Ramie, in 
other words, is brittle, and threads of it sna]) at 
any knot. This characteristic brittleness obstructs 
the use of ramie as a substitute for flax, as in 
such articles as tablecloths the fabiies crack in 
laundering. The fibre is of high s[)i'eifie gravity, 
and as weight means cost this fact is strongly 
to its disadvantage. It can bo dyed, but (be 
(“olours fade nuieb more quickly than u])on liiuMi 
or cotton. The material is comparatively 
inflexible, and it cannot be spun at all to fine 
counts. Its fibres have poor pow(‘rs of adhesion, 
with the result that the ends of the libres quickly 
protrude from the yarn. Ramie is inflammable 
to a degree that makes its employment dangerous 
for many purposes. Whereas cotton, and the 
v(‘getablo libres in geruTal, contract whem wet, 
ramie is almost unatTected by water, and this 
is (0 its disadvantage in some circumstances, 
and the contrary in others. 

Ramie Gas Mantles. Weighted with so 
many congenital defects, ramit* is restricted to 
a limited number of uses, of which the chief one 
has already been mentioned. Ramie is suitable 
for making gas mantles because it is, in the first 
]>laee, absorbent by nature, and thus takes up a 
good supply of the incandescent minerals ; and, 
in the second ])lace, because th(* ash left by 
ramie after burning does not contract, and the 
• gas mantle thus keeps its due place in the flame. 

Special hygienic properties arc claimed for 
knitted ramie underwear, and these may justify 
the higher price that has to be ])aid for manu- 
factured ramie than for cotton, (^otton can be 
grown, carried, and spun into yarn for no more 
than the bare cost of preparing and spinning 
ramie, and there is not the most distant ])rospect 
of ramie ever taking its ])lacc. 

The Small Returns from Fibres. All 
the bast fibres arc alike in involving the handling 
of a great bulk of material in order to recover a 
relatively small weight of fibre. To obtain about 
live j)Ounds of flax it is necessary to deal with 
one hundred pounds of green flax straw ; in the 
ease of jute the return is even less. A hundred 
j)Oun(ls of ramie yields but two or three pounds of, 
fibre, and as the ribbons occupy much room on 
shipboard, the freight upon them is dear. If 
f<‘rmentation occurs in transit, the fibre is 
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di.scoloured and worthless. The earlier growths 
of ramie ribbon arc the more desirable, because 
in the later crops knots or breaks in the continuity 
of the fibre occur at closer intervals and shorten 
the length of the staple. 

8ome progress has been made with artificial 
substitutes for jute, notably in the manufacture 
of ]mper yarns suitable for sackcloth, ‘ and in 
some measure also for floor rugs. Yarns made by 
rolling or spinning fiat ribbons of paper into 
round thj*ead have Ix'cn j)roduced for about a 
dozen years. Jn one system the pulp is taken in 
a wot condition from the paper-making machine 
and twisted into thread by an auxiliary. In 
others, fully manufactured paper, wound uj)on 
reels as if for neAvs])aper use, forms tlic raw 
material. 'Fhe ri‘(‘l is slit into ribbons of such 
width as may be desired, and, after being 
damped, the coiled ])aper is passed through 
eyelets to make the thi(‘ad louiid, and so in a 
condition for weaving. 

Yarn from Paper, Sacking w^oven from 
])aper yarn has intcTstices through which tine 
])owders earrit'd in (he sacks may leak. An 
improv<‘mcnt lias becai introduc(‘d in a process 
patented by Claviez for the manufacture of 
Te.rtilose. Ri'fore ])eing slit and twisted the 
j)aj)er is eov(H’(‘d lirst w'ith nmeilage, and then 
with short ju((‘ or cotton-waste fibre. Such 
yarn is used ('itlu'i* aloiu^ or in eombiriation with 
jute, and its nianufacture is carri(‘d on in four 
factories and count ru's. 

There are draw backs to the use of ])aper, for 
])aper is heavy in ri‘lation to its bulk, and its 
stnaigtli is sappial by w(‘tting. Paper rugs fray 
and cannot be (‘X}M*ct(‘d to last for long, and 
colours dyed on them are not permaneiit. Paper 
yarn has been rec'om mended as a backing or 
.stulTing for chcaj) carpets, in w^hioh capacity it 
would have to compete with jut(;. Ambitious 
attempts to introduce pat)er yarn into tweeds, 
to make towels for steamship use, uppers for 
rubber shoes, chair seating, hat bands, t(‘nt 
cloths and knitted coats have met with no 
conspicuous success. 

The Uses of Bast Fibres. The bast fibres 
are used to manufacture a very wide range of 
goods. Linen is employed for fine purposes, 
like the making of handkerchiefs, cloth for 
covering collars, shirtings, and ornate damasks 
for the table ; for medium purposes like the 
making of tow^els, and for heavy, coarse articles 
like sailcloth, mail bags and tarpaulins, and also 
for strong sewing threads for^-i bootmaking. 
Hemp is used alone or in conjunction with linen 
for making coarse goods. The j)rincipal use of 
jute is to make wrappers for goods in the form 
of hessian canvas, grain sacks and bags. Most 
pile carpets have a backing of jute, although 
this is often called linen; and oilcloths and 
linoleums arc all made upon a jute foundation. 

The uses of one fibre overlap the uses of 
another, and, although linen is used in conjunction 
with cotton to a considerable extent, the three 
bast fibres form a set of industries to themselves, 
separate from the greater cotton and wool 
trades. J. A. HUNTER 
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The Moon and her Orbit. Eclipses of the Sun and Moon. 
The Tides. The Physical Features of the Moon. 


THE STORY OF THE MOON 


earth, like most of the planets, has a 
* satellite, the moon which moves round 
it in an elliptical orbit, just as the planets 
move round the sun. Its globe is rather 
more than one quarter that of the earth n 
diameter, measuring 2163 miles. It re- 
volves round the earth in an orbit, which, 
like that of the earth, is an ellipse ; but 
it is not so nearly circular as that of the 
earth, its eccentricity being about 
Thus, the actual distance of the moon from 
the earth varies from about 250,000 miles 
to 220,000 miles, while the mean distance 
is 238,840 miles, which is about 60 times 
the earth’s radius. 

The moon takes about 27J days to com- 
plete her revolution round the earth ; in 
other words, she makes a complete circuit 
of the heavens, from a given star back to 
the same star again, in that time. Her 
revolution with regard to the sun, how- 
ever, on which her phases depend, is not 
completed in this period, because it is 
complicated by the earth’s motion round 
the sun. This synodic period, of which we 
usually speak as a month, averages about 
29^ days, which is the mean period be- 
tween successive new moons. The phases 
of the moon depend upon the ]^lace which 
she occupies with regard to the sun as 
seen from the earth, as has already been 
explained in the case of the planets Mercury 
and Venus. When the moon lies be- 
tween the earth and the sun, the dark side 
is turned to us and the moon is new. 
When the earth lies between the sun and the 
moon, w^e see our satellite fully illuminated, 
and speak of her as full. Her degrees of 
illumination vary steadily between these 
two extremes in the course of every fort- 
night. Every night the moon bears a 
different appearance, waxing through one- 
half of the month and waning through the 
other half of the month. 

If the orbit of the moon lay in the same 
plane as that of the earth— ‘the plane of 
the ecliptic — .she would pass directly 
between us and the sun once in every 
month at the time of new moon, and 
would then obscure the sun for the length 
of time which she took to complete her 
transit. This does occasionally happen. 


and the consequent blotting out of the sun 
for a few minutes is known as a solar 
eclipse. Similarly, when the moon was 
full, the earth would lie in a straight line 
between her and the sun, and the earth’s 
shadow would blot the moon out of sight 
by depriving her of the illumination by 
which alone she becomes visible. This 
also happens occasionally, and the result 
is a Umar eclipse. But, as a matter of 
fact, the moon’s orbit does not lie in tl.(! 
same plane with that of the earth, but 
is inclined to it at an angle of about 5°. 
Consequently, the moon, when lying in the 
same direction as the sun, is usually a 
little above or below our luminary, and 
there is no eclipse. 

A solar eclipse can only take place, in 
fact, when the moon lies in the direction 
of the sun, or is new, near the moment at 
which she passes the node, or point at 
which her orbit intersects the plane of the 
ecliptic, which hence derives its name. 
The same is true of the lunar eclipse, 
which only occurs when the moon is close 
to one of her nodes at the time of being 
full, and, consequently, passes into the 
shadow of the earth. It follows from# 
geometrical considerations that there can- 
not be less than two or more than seven 
eclipses in a year, of which at least two 
must be solar. From the computed 
motions of the earth and moon w’c find 
that the conditions which determine 
eclipses repeat themselves with great 
exactness after a period of about 18 years 
and II days. This recurrence of eclipsed 
w'as discovered from observations by the 
(Tialdeans, who named this period the 
Saros, and were enabled to predict coming 
eclipses by its use. 

There is a distinction between solar and 
lunar eclipses, which depends upon the rela- 
tive movements of the earth and the moon. 
A lunar eclipse is visible from all parts of 
the earth where the moon is above the 
horizon ; and a moment’s thought will 
show us that this must be so, because an 
eclipse of the moon is due to the moon 
entering into the shadow of the earth, and 
is exactly comparable to switching off 
an electric light. Wherever the moon can 
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he seen at all — even from Mars — it will be eclipsed. 
But this is not at all the case with a solar eclipse, 
which only exists for observers who occupy a 
narrow belt of the earth’s surface. A solar eclipse 
siinyily nutans that the moon passes between us 
and the sun, and that the earth itself lies for a 
f(W minutes in the shadow of its satellite. Now, 
(everybody knows that the breadth of a shadow 
depends u 2 )on the relative size and distance of 
I he object which casts it. '.rhe sun is ineom- 


is still visible ^3u^rounding the moon. It was on 
observations made during the brief duration of 
total eclipses of the sun that astronomers long 
depended for their chief knowledge of the solar 
constitution, and that they arc still dependent 
for their study of the corona. 

The Moon and the Tides. The gravita- 
tional attraction of the moon has a very im- 
portant inliuence on the earth in causing tuhfi 
in the sea. Th(^ way in which these tides are 
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parably larger than eitlier the (‘arth or the 
moon, and, consequently, the shadows which 
they east ani both conical, lik(! the point of a 
pencil tapering od to an abruj)t (‘ud. 

The Duration of Totality. The earth’s 
shadow is much longer than the moon’s, in 
(‘xact proportion to tlie relative si/(' of the two 
bodies. Thus the moon takes a considerable 
time to ])ass through the earth’s shadow, and 
may be totally eclijised for as juuch as two 
hours. But the moon’s shadow' is oidy just 
long enough to reach the (‘arth a( all. The 
largest possible cross-section of the moon’s 
shadow where it rcaclus the earth’s surface is 
about 1()8 mil(‘S 
. across the earth 
from west to oast, 
it is only ob- 
servers situated 
within a belt no 
wider than this 
who will see the 
sun totally 
eclipsed. Outside 
this belt a part ud 
eclipse will be 
visible over a vfuy 
much greater 
aiva, its size de- 
crciusing as lh(? 
distance from the 
belt of totality in- 
creases. The width of the e(dipse-belt, and the 
consequent duration of totality, vary bctwecai 
wide limits with the distance of the moon from 
the earth at the moment of eclipse. The moon’s 
apparent size is very nearly that of the sun, each 
being a little over 30 minutes in diameter. But 
these both vary wdth the distance of the earth 
from the sun and moon, and it sometimes hapi)ens 
that at the time of an eclipse the moon is so far 
away that its shadow does not quite reach the 
earth, and its apparent diameter is rather less 
than that of the sun. At such a time we sec an 
annular eclipse, in which at the moment of 
greatest eclipse a bright ring of the sun’s disc 
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caused will bo easily und(‘rstood from a glance 
at the diagrams on })age 424. 

We hav(^ seen that tlu* attraction of one body 
for anotliei’ \’aries invmstty as tlu? square of its 
distance. As the waters of the sea on the side 
of the earth near(‘st the moon arc nearer our 
satitlile than the eentr(‘ of th(‘ earth, the moon 
]>uns thi‘se waters toward her w'ith greater 
forc(‘ tlian she ex(‘reis(‘s upon tlu* body of the 
earth ; and as they are quite free to move, they 
are consequently heaped u}) in a kind of w'atery 
mound, wbieli is higliest on the spot vertically 
beneath th(‘ moon. In exactly the same way the 
moon attracts the earth more powerfully than 
the water wdiich lies on its oi)posite side, and 

so draws t he earth 
away from that 
water, w h i c h 
is conse((uently 
heaped up into 
a similar mound 
on the point ex- 
actly oppojsitc. 
Thus wc have 
two simultaneous 
high tides, cul- 
minating at the 
two points of the 
earth which lie in 
a straight line 
with the moon, 
and^onsequcntly 
- because the total amount of water in the seas 
does not vary— correspondingly low tides at two 
points on the earth distant by 90° from these. 

If the moon were fixed with regard to the 
earth, the tide would always be high at one set 
of places and low at another, but as the earth 
completes a rotation in twenty-four hours, while 
the moon holds its accumulations of water in the 
same place, the high tide and low tide traverse 
every part of the seas, there being two high and 
tw'o low tides at each place daily. If the earth 
were a perfect sphere, uniformly covered with 
water, this state of things would bo actually 
observed by its fishy inhabitants. But the 
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configuration of its surface greatly complicates flow the Day has Lengthened. One 
the actual motion of the tides, which are greater very interesting effect of tides, as the late Sir 

or less, sooner or later, according to the shape George Darwin showed, is to act as a brake upon 

of the coast line, as is e:5q)lainod in oeogravhy. the rotation of the earth. We have just soon that 
Spring and Neap Tides. The sun as well while the earth rotates a great mass of water is 

as the moon helps to create tides in our seas. held still by the attraction of the sun and moon. 

Its mass is very much greater than that of our This acts exactly like the brake which is used on 

satellite, but so is its distance, and consequently the axle of a wheel, and by its friction tends to 

the solar tide is only about two-fifths as high as diminish the rate at which the earth rotates. In 

that caused by the moon. When the sun and the early days of the earth this effect was much 



THE MUON, SHOWING THE DARK PLAINS AND BRIGHT STREAKS 
This photograph was taken at Lick Observatory, and that on page 1024 at the Yerkis Observatory 

the moon lie nearly in the same straight line more considerable than it is at present, and Sir 

with the earth, and the moon is now or full, the George Darwin has shown that tidal friction has 

solar and lunar tides help one another, and we lengthened the day from about three hours to its 
have extra high tides, known as sj^ring tides. present length, and that the moon itself almost 

When the sun and moon lie at right angles to one certainly once formed part of our planet and was 

another with regard to the earth, and the moon thrown off from it by the centrifugal force due 

is in its first or last quarter, their tidal forces are to this extremely rapid rotation. When the eartn 

opposed, and moderate or neap tides rosidt. It was still in a liquid condition, tides were causM 

wiU readily be seen that the average height of the in its actual substance by the attraction of the 

spring tide should be rather more than double sun, and afterwards possibly of the moon, and 

that of the neap tide at any particular place. the retarding effect of those gigantic tides, which 
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may have risen as much as COO miles in height, 
must have been immensely great. At present 
there is ground for believing that the tidal friction 
is still exerting a retarding influence on the earth’s 
rotation ; but this influence is ex(!C(idingly 
small, and it is practically certain tha.t the length 
of the day has not varied by so much as one- 
hundredth of a second since the dawn of astro- 
tronomy 2000 years ago. 

The Physical Condition of the Moon. 
As wo have seen that the moon was originally a 
fragimait drawn away from the earth, it is only 
rtiasonable to suppose that it is comjioscd of the 
same materials. But it differs from the earth in 
one very important resjjeet. Being so much 
smaller, it has cooled more quickly, and has 
ju'obably passed through all the stages of planet- 
ary life, in the midst of which the earth is now. 

h\‘W things are more certain than that the 
moon is a dead world. It has no jitmosj)h(‘ro, 
so far as we know, 
and if one exists it 
must be more rare 
than the vacuum 
inside tho inean- 
d(*seent electric 
lamp. Such air and 
wat(‘r as the moon 
must onc(*. have 
possessed have be(m 
absorbed into its 
substance or flown 
away into space. 

( )n(^ consequence of 
its denuded oondi- 
t ion is that the sur- 
face of the moon 
must undergo ex- 
trc'jues of heat and 
cold. ^J’he side on 
which the sun is 
shining must be far 
hotter than the 
tropical regions of 
the earth, while the 
other side must 
endure the cold of 
empty space, which 
is very n(*ar tho absolute zero of lein|)erat lire. It 
is hardly necessary to add that the moon cannot 
be tlie abode of any kind of lif(? which wo can 
conceive as jmssible. Lif(^ may once have 
existed there, but it is long extinct. 

The Face of the Moon. The moon is a 
globe about 2163 miles in diameter, and its mass 
is about of the mass of the earth. Its 

density is about 3*4, that of water being taken 
as unity. The moon rotates on its axis in 27 
days Trj hours, so that its day and night are eacdi 
a iortnight in length. This period is the same 
as that in which it revolves round the earth. 
The moon, consequently, always presents the 
same face to the earth — though, as a matter of 
fact, we are able to see rather more than a single 
hemisphere of tho moon because of an oscillating' 
motion of our satellite known as libralion. 

But there is a. considerable portion of the 
moon’s surface, amounting to more than three- 
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eighths of the whole, which is permanently in- 
visible to tho observer. Novelists have allowed 
their imagination to run riot about this invisible 
side of the moon, and have provided it with an 
atmosphere, flowing water, and inhabitants. 
But it is as ccrtiiin as anything of the kind can bo 
that the invisible half of the moon is perfectly 
similar to that which we see. 

The Craters of the Moont The chief 
featun^ of the moon’s visible surface is tho 
numerous and often gigantic craters vdth which 
it is pitted. These objects, when observed 
through a telescope, or even a powerful field- 
glass, have a striking resemblance to volcanic 
erat(U-s on tho earth. They are, indeed, on a 
vastly gri'ater scale, some of them being more 
than 100 miles in diameter. But there is little 
doubt that they are the remains of extinct 
volcanoes w'hich once covered the moon with 
violent and long-continued eruptions. Probably 
the surface of the 
earth was onec in a 
similar condition, 
but the existence 
of the various de- 
nuding ag(uicies 
which our planet 
possesses have en- 
tirely changed the 
eonliguration of its 
surface [see geo- 
logy]. No distinct 
evidence of volcanic 
activity has been 
seen upon the moon 
in modern limes, 
though a few ob- 
servers believe that 
they have noticed 
very slight changes 
of this nature in 
progress. It is most 
))robable that tho 
moon is a dead 
world, affording a 
kind of i^rophecy 
of what the earth 
will be one day, 
when it also ])ursuos a frozen and lifeless journey 
through s])aee. 

Selenography, Tho surface of the moon 
ha.H been studied and mapped on a large scale. 
Its chief features arci three in number : (1) the 
numerous volcanic craierSy such ^ Tycho and 
(bperniciis, which are mostly named after dis- 
tinguished men of science ; (2) the wide, dark 
plains which are known as seas, because they 
were formerly thouglit to consist of water ; (3) 
the curious systems of bright streaks, which 
radiate from many of these craters, of which the 
most remarkable extend in all directions from 
tho great crater Tycho, near the moon’s south 
jjole, and are conspicuous even to the naked eye 
at the time of full moon. The student will find 
the names and description of these various fea- 
tures of lunar topography — selenography— in any 
good textbook of astronomy. 

W. E. GARRETT FISHER 
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The Principles of Several Types of Levers : Wheels and 
AxleSi Pulleys, Inclined Planes, Wedges and Screws. 

ELEMENTS OF MACHINES 


A MACHINE, no matter of what nature or 
how complicated it may be, is an instru- 
ment by which fortui applied at one point 
is transferred to another point, being at the 
same time intensified or changed in direction. 
This modified force has always to overcome some 
resistance, as that of gravity, friction, or the 
(johesion of particles of matter. 'Phis rcsistancte 
in mechanics is denoted by the term weigJU (W), 
and the force applied to overcome it is termed 
power (P). In statics, the problem is to find the 
magnitude of P acting at one point necessary to 
balance W at anotlujr point ; it is generally 
supposed, however, that P is sufficient to set a 
machine in motion. When the weight (W) is 
greater than the power (P), the machine is said 
to work at a mechanical advantage^ the ratio 


Ixung shown by the fraction 


W 

P* 


But if this 


fraction is not greater tlian unity — that is, if 
W is Ics^ than P in magnitude — the machine 
works at a mechanical disadvantage. 

The elements of the most complex machine 
are reducible to what are called the six mechanical 
powers : (1) the lever ; (2) the wheel and axle ; 
(Jl) the pulley ; (4) the inclined plane ; (5) the 
wedge ; (0) the screw. 

A lcver is a rigid rod free to turn about a fixed 
point called the fulcrum. Txjvers are divided into 
three classes according to the relative positions 
of the power, fulcrum, and weight. Thus they 
may be placed in the order PFW, PWF, or WPF 
[1 - 3 ], The condition for e(|uilibriuin in a lever 
of any of these three classes is that the movement 
[Fig. 30, page 387] of the power round the fulcrum 
b(j c(pial and opposite to that of the weight, lliere- 
foro P, multiplied by its arm (AC) - W, multi- 

W AC 

pli#d by its arm (BC), That is, . 

Levers of the First Class [1]. 

Remembering what has been said above con- 
cerning mechanical advantage, it is clear that 
levers of this first group will be only mechanically 
advantageous when AC is greater than BC, so 
that the fraction shall be greater than unity. If 
the arm BC is longer than AC, the lever will be 
mechanically disadvantageous, the effort being 
greater than the weight required to Iw raised. 
The effort will be equal to the weight when AC = 
BC, and the fraction equals unity. Common 
examples of the first class of lever are the poker, 
the handle of a pump, sco-saw, crowbar (when 
it rests on a block in front of the weight being 
raised), and a canal lock-gate. Scissors form a 
<louble lever of the first class. 

Levers of the Second Class [2J. 
Here AC is always greater than BC, and there is, 
therefore, always a mechanical advantage. The 


crowbar — when one end rests on the ground — and 
the wheelbarrow are everyday examples of levers 
of the second class. Nutcrackers are a double 
lever of this typo. 


Levers of the Third Class [ 3 ]. In 

this (ilass, AC is always less than BC, which means 

that or is less than unity, and so levers 


of the third class are always disadvantageous as 
regards power. Nevertheless, they are useful 
where speed and range of movement are required. 
For example, if ACVV [ 4 ] represent a man’s 
arm luuit at the elbow, the hand holding a 
weight (VV), it is evident that the contraction of 
the muscle through the small arc at P will cau.se 
the weight to move through the relatively much 
greater arc shown by the dotted line from W. 
A fi.shing-rod, the treadle of a turning-lathe, a 
whip, and the fore-arm as mentioned above, are 
all levers of the third class, tongs being a double 
lever of the same kind. 


Wheel and Axle. The second mechanical 
power, the wheel and axle, is merely a modi- 
fication of the lever. It consists [ 5 ] of two 
cylinders turning on a common axis. The 
larger cylinder is conventionally called the wheel, 
the smaller one the axle. Ropes are coiled round 
both wheel and axle, but in opposite directions, 
so that as the rope round one unwinds, that 
round the other winds up. Looking at the end 
section in the illustration, the principle of the 
lever wMll be immediately observed. The power 
and the weight act at the points A and B, when* 
for the moment the two ropes are tangents to the 
two circles, and the conditions for equilibrium 
for the ordinary lever hold good in the wheel 
and axle — namely, P x AC = W x BC ; or 


W ^AC 
P “ BC 


W 

P 


Radius of wheel 
Radius of axle * 


and since the 


circumference of a circle is proportional to its 
radius, the conditions of equilibrium are reduced 



Circum. of wheel \ 

From which it 

Circurn. of axle 


follows that a big wheel and a small axle will give 
greater mechanical advantage than when the 
diameters more nearly approach each other. 
I'he capstan, windlass, rack and pinion, and 
toothed wheels in general, are common examples 
of the principle of the lever, or wheel and axle. 


Pulleys. The pulley is a wheel whoso 
circumference is grooved to prcv(?nt the ropt3 
— called the tackle — which passes round it froni 
slipping off ; the wheel turns freely on an axis 
through its centre, and is fixed in a frarac- 
W'ork called the pulley -block, or sheave. 
Sometimes this pulley-block is fixed to a 


applied mechanics, workshop practice, tools, technical drawing 
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beam, or rafter for example ; sometimes it 
is movable, as on a crane, and sometimes a 
series of pulleys are arranged in a particular 
combination. 

The fixed pulley [ 6] gives no mechanical 
advantage, the weight on one string requiring to 
bo balanced by an equal weight on the other. It 
is useful, however, in changing the direction of a 
force, so that by pulling down, or horizontally, 
a weight may be raised vertically. 

Movable Pulleys. The single movable 
pulley is shown in 7. The weight (W) being 
supported by two cords, tlxj tension on each 
is evidently \ W, but as one cord is attached 
at A to the beam, tlie force or weight P has 
W W 

only to support \ W, or ^ . Thus P = : 

W 

t.e., p = 2, or the mechanical advantage in 

a single movable pulley ■= 2. In other words, 
the weight is twice the power — 1 lb. being able 
to Support 2 lb. To obtain this advantage, 
however, the strings must be parallel. 

A still greater advantage is gained when 
several movable pulleys are combined to raise a 
weight. The three methods of combining 
movable pulleys are spoken of as the first, 
second, and third systems. 

Separate-string System. In the first, 
or separate-strmg system [ 8 ] each pulley hangs 
by a separate cord ; one end is fastened to a 
beam or other support, and after i)assing round 
a pulley the cord is attached to the block of the 
one above it ; the hist cord, however, passes round 
the fixed pulley and supports the counterpoise 
(P), the weight (W) being attached to the 
lowest pulley. 

It is necessary to suppose in all theoretical 
questions concerning pulleys that the ropes or 
(lords are f.)crfectly flexible and that friction is 
absent. Then it follows that the tension of the 
rope is the same in every part irrespective of the 
number of pulleys in the combination. As a 
matter of fact, however, these two theoretical 
conditions are very far from being present in 
practical work, and though in theory the greater 
the number of pulleys in any system the greater 
would 1x3 the mechanical advantage, the enor- 
mous amount of friction and the lack of flexibility 
of cord render a multiplication of pulleys im- 
possible. 

In 8 it is clear that the tensions on the 
strings marked 1 are equal, as in the case of the 
single movable pulley, so that P supports a 
weight equal to 2P on the first pulley- block (A). 
Hence the tension on the string below A equals 
2P, and so the pulley B supports a t^^eight 4P 
(2*P). In the same way C supports a weight 
8P (2T), and so on, each successive block 
doubling the mechanical advantage. With three 
pulleys, therefore, W = 2T ; wim four pulleys, 
W = 2T ; with any number of pulleys con- 
veniently represented by the letter n, W = 2"P, 

».e., 2". ^Thus the mechanical advantage 

in the 8rst system s 2^, 
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Single-string System. In the second, 
or single-string system [ 9 1 the pulle 3 ns are con- 
tained in two blocks, the upper one fixed, the 
lower one movable, the weight being attached to 
the latter. The same string passes round all the 
pulleys as shown in the diagram. Here the 
tension throughout the string equals P, and as 
there are four (practically) vertical strings sup- 
porting the lower block, the weight W is sup- 
ported by four upward forces, each equal to P. 
Therefore W ~ 4P. If there are n pulleys, then 
W 

W = rtP ; i.e., ^ = n. Thus the mechanical 

advantage in the second system — ri. 

The Third System. The third system is 
really the first system turned upside down, as 
in 10, tlie end of each string being attachc(l to 
a bar carrying the weight. The tensions 
supporting the weight here are P f 2P -\- 4P. 
Thus W -- 7P, or W — (2’ - 1)P, the index of 
tlie figure 2 representing the number of pulleys. 
With four pulleys W — (2^ - 1)P = (16-1) 
P 15P. With a pulleys, W - (2“ - I) P ; i.e., 
W 

— 2"-l. Thus the mechanical advantage 


in the tliird syst(‘m — 2" - 1. It must bo 
noted, however, that in this sy.stem the weights 
of the pulleys assist the power instead of acting 
against it, as in the other two s 3 ^stems. 


The Inclined Plane. The inclined piano 
j)ermits of the raising of a body to a particular 
height by exerting a smaller force through a 
greater distance. The directions in which a force 
may bo applied to a body on an inclined piano 
are: (1) horizontally; (2) 'parallel to the plane. 

In 11, which represents a section of an inclined 
plane, the force acts parallel to the plane. I'hroo 
forces combine to keep the body in equilibrium : 

(1) the weight (W) acting vertically downwards ; 

(2) the n^action or resistance (R) of the plane 

acting perpendicularly to the plane ; (3) the pull 
or power (P) acting up the plane. (The surface of 
an inclined plane Is theoretically perfectly 
smooth and free from friction, and by the 
reaction (R) is meant the resistance of the plane 
to bending, breaking, or penetration. Hence the 
force R acts perpendicularly to the surface.) It 
can then be shown by the Triangle of Forces that 
P - H __ W P 

BC AC AB* Height of plane 


R 


W 


Base of plane Length of plane* 
the pull required may bo found from the equation 

p = w X Heightji^e resistance 

Length of plane 


The mechanical ad- 


R — w ^ Base of p lane 
Length of plane’ 

vantage of the inclined plane = ^ = 

P Height 

other words, the greater the incline in a road or 
railway the greater is the pull required. 

Pulls and Gradients. On a gradient of 
3 in 10 a weight of 160 lb. could be pulled by 
a force slightly greater than 48 lb. If, however, 
the gradient were but 3 in 16 the force necessary 
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f^ould be scarcely more than 30 lb. The weight 
would therefore be raised to the same height with 
a less force ; but it must be remembered that as 
this force acts through a greater distance no work 
is saved. Whatever bo the gradient, the work 
done by P acting along the plane is always 
equal to the work which would bo done in raising 
the load W vertically from C to B. That is, 
P X AB = W X BC. or, as we have just seen, 
W _ AB _ Length 
P “ BC Height 

When the force is applied horizontally, as in 
12, then the ratio between the forces keeping 

p 

the body in equilibrium ; , 

^ ^ HcMght ot plane 

. Then 

Length of piano Base of plane 


= W X Height o f plane 
Base of plane 


and the resistance. 


penetrating instruments. A w’odge whose section 
is an isosceles triangle is the commonest and 
most advantageous form. The force is applied 
at the back of the wedge (AB), and the resistance 
on each side may be considered to act at right 
angles to the slant edges of the wedge. 

Owing to the fact that the power applied to 
Al? is not a continued pressure but a series of 
impulsive forces, the theory of the 'wedge is 
less exact than that of the other mechanical 
powers. Considering the power and the resist- 
ance on each side, however, as throe forces in 
cquililniurn, it may be demonstrated that the 

n,«istance R = Px f 

Lack of wodgii 

Tlicn the mechanical advantage will 1^ ^ 

^ Tx>ngth ..t equal side by diminishing 

Back of wedge 

the size of the back and increasing the length of 
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R = W X If "8*^' Also V! 

Base of plane P Height 

Considering this second case from the point of 
view of work done, since P acts in the direction 


AC, then P x AC — work done by P. Also the 
work done by raising the load W vertically 
through CB = W X BC. And P x AC 

= Again. in 

11, since each force is proportional to the side to 
which it is perpendicular — i.e., P, R, W are 
proportional to the height, base, and length re- 
spectively — and since AB*-^ — AC“ BC- (Euc. 
I. 47), therefore W- = P^ h R'^. In the case 


where the force applied is horizontal, AC- 
= AB2- BC2 ; that is, W-' = R='-P''. 

The Wedge. The wedge [14] is a block 
tapering to a thin edge, a double inclined plane 
it were. It is used for splitting wood or 
other material, and for raising heavy bodies, as 
in the raising of a ship in a dry dock by inserting 
wedges under the keel. Common examples of 
wedges are knives, chisels, swords, axes, plugs, 
planes, needles and pins, nails, and all cutting and 


the side— that is, diminishing the angle ot 
p<Mietralion — the mechani(*al power of the w’cdgc 
is increased. 

The Screw. The screw is the lost of the 
mechanical powers, and, like the wedge, is 
derived from the inclined plane. It consists of 
a cylinder, on whose surface is a spiral ridge 
called the thread. The relation between the 
thread and the inclined piano is easily seen by 
cutting out a right-angled triangle of paper, 
corresponding to the section of an inclined 
plane. If this be wrapped round a rod — say, a 
round ruler — the hypotenuse of the triangle 
forms the screw thread, or helixj the base of the 
triangle (or plane) corresponds with the circum- 
ference of the cylinder, and the height will be 
the distance between the threads, or the step of 
the screw, technically known as the pitch. 
The threads are sometimes square in section 
(square screws), sometimes acute (sharp or veo 
screws). The screw works in a fixed collar or 
ntU, which is a hollow cylinder, whose intomal 
surface carries a groove, or internal thread, in 
which the screw thread fits. 
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The ordinary copying-press illustrates the 
method of using the screw. Power is applied by 
means of a lover (the arm or handle of the press) 
attached to the end of the screw. The screw then 
moves forward in the direction of its axis, over- 
coming resistance. Or, as in the case of the 
screw-jack, it may be nsed to raise a weight. 

In finding the relation between the force 
applied and the resistance which is overcome, 
it is im])ortant to note that every time the 
screw ])ei*fonns a compkitc revolution it moves 
forward through a distance equal to the space 
between one thread and the next. Tf, in 13, power 
(P) bo applied so that the arm h makes a com- 
plete n^volution, the work done will be equal to 
P multiplied by the circumference of the circle 
of which b is the radius — that is, P < 2 tt b. At 
the same time, the work (W) done by the screw 
in moving through the distance p (the space 
between two threads) equals W x P. Then 
P X 2 TT^-^W X P*. And the mechanical ad- 
vantage is : 

W__2Trb CHreum. of circle described by l(*vcr. 
■p~ p~ Pitcli, or step, of the screw. 

Thus the mechanical advantage is increased by 
diminishing the pitch, or by increasing the length 
of the arm or lever to which the i)Ower is ap]ili(‘d. 

Constraint. If we now look further int o t hese 
examples, we 
find that the 
feature of con- 
straint is an 
essential one. 

The elements 
are all paired 
together in 
such a way 
that they can 
• only move in 
certain rela- 
tions, and each 
pair of ele- 
ments is paired 
with others 
adjacent, so that the movements of each are under 
constraint. Th(» elements themselves Heuleaux 
termed links, or kinematic links, and the whole 
series of adjacent elements, closed kinematic 
chains. As no element in a incclianism can 
move without roforence to all the others, that 
is a fundamental conception of a machine, and 
the workability of a mechanism can always bo 
tested by this simple proposition. 

In the levers the fulcrum must be fixed and 
incapable of movement, and the arms must 
be free to turn around the fulcrum as a centre. 
In the wheel-and-pulley systems the centres of 
certain pulleys are fixed, .others are movable. 
The movement of the “ cord ” is constrained 
to one direction. The sliding movements of the 
load on an inclined plane, that of the wedge, 
and that of a nut in its screw, are also con- 
strained. In fact, it would be impossible to 
conceive of A mechanism from which the con- 
dition should be absent. 

But in speaking of kinematic links and chains 

we }h#t not be understood to use the term in 
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its literal sense. Links are often non-rigid. 

A cord, a belt, a spring, or even a pressure 
fluid, as water, gas, steam, is as truly a link 
as a bar of steel is. All depends on its applica- 
tion and its relation to other rigid parts. Tension 
and compression elements are alike links. By 
the use of springs, for example, a mechanism 
is often prevented from knocking itself to 
pieces. Yet the movements of the mechanism 
are as surely acc^omplished under the constraint 
of the elastic spring as though it were a non- 
elastic bar. So with the cords, ropes, chains, or 
pulley systems. Flexibility is essential, yet the con- 
nections and the relative movements are assured. 

Link-work. Mechanisms and machines ar(i 
now regarded as being built up of link- 
work, comprising combinations of bodies and 
elements, termed kiiifuuatic links and chains, 
and arranged as turning or sliding pairs. The 
distinction between a mechanism and a machine 
is, then, that between the elementary combina- 
tions, and the complete embodiment of theses 
in a fixed base or standard which is a static 
body only, and a convenient mi'aiis of support 
and attaciinic'nt to the kinematic links and chains. 

Elements. We next considtu- the meaning 
of what are termed elenienis, the name given 
to two pieces by which motion is so constrained 
as to render all other motions impossible, an 
absolute essential in machine design. This is 
done in nuriK^rous ways, but it is usual to classify 
all such devices under citluu* one of two heads. 
First, they form either turning or sliding pairs, ' 
the tirst being represented by the rotation of 
a shaft or pin in its journal or bearing, the 
second by the movement of an engine slinpcr- 
block between its guides, or of a die in a slot link ; 
the first is a movement of revolution, the second 
one of translation. In both cases the move- 
ment is constrained to take place in directions 
only in one plane, and not at all in a direction 
perpendicular thereto. 

A second classification is that into lower and 
higher pairs of elements, tlio first-named denoting 
a point contact only, the second a surface 
contact. The last-named is that which is almost 
universally employed in machinery, because^ of 
its greater durability. That of the higher pair, 
or surface contact, is only ])ossible in plane 
motion, or movements of revolutioh, and sliding. 

Wo recognise in the levers examples of the 
turning pairs of Reuleaux ; in the inclined plane 
and wedge, sliding pairs ; and in the screw, 
twisting pairs, or a movement of wnslation in 
a helical plane around an axis. The lever and 
the inclined plane, therefore, include all essential 
mechanical motions, no matter how they arc 
disguised in a thousand-and-ono mechanisms. 

Centres. The simple movements of bodies 
are referable to a centre, or point, or axis. This 
is obvious enough in the case of a rotating wheel. 
But it is convenient to assume the same thing in 
all motions— those of translation as of rotation 
— only in the first-named the centre is movable 
in space, and is often imagined to be situated 
at an infinite distance away. This is in harmony 
with the assumption of the mathematician that 





a straight line is an arc with a centre at infinite 
distance. It simplifies calculations and leads 
to no error. 

When a body has a movement of translation its 
supposed centre is then denoted an iualontaneom 
centre, because its position changes instantly, 
a term, however, which has a wider application, 
to be seen presently. This assumption then 
covers all cases that can arise, including those 
in which a circle arc exists of immens.e radius, 
because the flattest arc must hav(^ a centre 
somewhere at a finite cl ist a nee. These two move- 
ments, therefore — that of rotation and that of 
translation — include all movements that can 
exist. But these movements around a centre or 
axis may bo complicated, h'ortunately, nearly 
all those with which the mecdianician has to deal 
occur in one plane, for which calculations arc 
much simplilied. When motions ])crpendicular 
or in oblique relation to a })lane surface occur, 
they introduce other problems. 

Instantaneous Centre. The diflerence 
between the instantaneous and a tix(‘d centre is 
that the first-named changes its j)osi<ion con- 
tantly, while the latter is fix(‘d. The virtual 
centre is ex])lained by the relative^ motion of two 
rigidly constrained elements in a mechanism, 
the relative motion of which is unalt(‘rable. 
just as is that of the rim of a w'heel moving 
round its axle, or a ball twirled at the end of 
a string held in the fingers. The relative posi- 
tions of the body and its centre do not change 
with the rotation of the wdieel or the ball in 
s]iace. So, too, though the instantaneous centre 
of a moving body moves, it occupies a fix(‘d 
relative position toward th<*- point path of the 
moving body, or the essential ])ointsinthat path ; 
and the relative j)ositions of the moving ])oint and 
the virtual centre are determined by the distance 
betw'cen them, fixed rigidly by the (jonneetinglink 
of metal, or other material of t he mechanism. 

The instantaneous centre has no necessary 
relation to the simp?, of the ])oint path, or 
path traced by th(? moving body. That may 
be straight, or a circle arc, or be of irregular 
shape. Tho essential fact is that any body 
moving in any path is at every successive instant 
moving tangentially to a line that connects its 
movement, rotational for an instant, with a 
centre of motion for that instant. And this move- 
ment, whatever the ultimate form of the point j)at h 
delineated, coincides for each successive instant 
with that of a figure rotating round a centre. 

Several results of a ])ractical character follow. 
As the point path lies at any instant tangi'ntially 
to the virtual radius, all virtual radii for succes- 
sive positions must pass through the virtual 
centre. The only case in which the virtual 
centre is at an infinite* distance is that of two 
point paths moving in parallel lines. 

An advantage of approaching the study of 
mechanics in this way is that principles are 
simplified. The fixed or permanent centre of 
a rotating wheel or axle becomes practically 
identical in its study with tho instantaneous 
ce^re ; often the two coincide absolutely. 

^ Centrode* As tho virtual centres change 
instantly in the general case of non-rotating 
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bodies, they trace a path in their successive 
positions. This is* termed tho (ioritrode, and 
the surface or locus of the virtual axis is termed 
the axode. 

Unless we ajiproach the study of ajiplied 
mechanics on the lines indicated in the fore- 
going paragraphs, it is not possible to grasp 
the similar fundamental ])rineiples which under- 
lie many mechanisms that have not even a 
superficial n*scmblanc(‘ to each other ; nor, on 
the other hand, is it easy to distinguish others 
wlii(;h a])pear superficially to belong to the same 
group. The theoretical and the ])raetieal arc 
thus found constantly overlap])ing, and in tho 
practical is always itieluded the question of cost, 
both of material and labour, a factor which may 
be neglect (‘d by tlu^ matbematieian, but not by 
the desigtier of maelnm*ry, and this is often wliy 
one device is adopted in preference to another. 

Applications of Power in Practice. 
Going a stage farther, tho engineer sees in the 
diagra?ns w'e have discussed mily tho skeh'ton 
outlines which denot(' ])rinei])k\s. Looking be- 
yond them, he recognises a hundred mechanisms 
which clothe the bare anatomy with living forms. 
Th(^ fnlcnnn in the lever group does actually occur 
in the triangular form shown, in the knife edges 
of weighbridges and balances. But most often 
it is the cylindrical pivot of a beam or a rocking 
lover, or of a d(U*rieking crane-jib, or the crank- 
pin of an engine, or tlu^ shafts of wdieels. The 
gaunt lines Imtouk? disguised in the strong arms 
and ribs of ])idleys, of toothed wheels, of cugine- 
beams. The crude whe(‘l and axle, appear in 
some pulley-block designs, but the axle ” much 
num* oft(‘n occurs in the disguiscal form of the 
chain-drums of cranes ; while the ‘‘ wheel ” is 
recognisable in the winch-handle, or tlu^ large 
driving wheel on the drum -shaft. 

The lix(‘d pulley is found at the head of all 
crane- jibs and olsinvhere. Movable pulleys 
occur ill pulley- blocks of divers forms, arranged 
in more workable* de'signs (ban those used 
for diagram purposes, while* the fried ion which 
is so exee\ssive in these is turne*d to account in 
the self-sustaining or difie^rential type. The 
inclined plane is utilised in keel-blocks for ships, 
in inclined tracks for mines, and for heaving up 
slips for vesse*ls. The wedge appears in various 
forms of friction elutehes for the driving and 
rele*ase of shafting, in cottars and keys for 
uniting lengths of rod, and fastening wheels 
to shafts, and generally for making metal con- 
nections that can be rapidly made and broken. 

Tho inclined ))lane in the form of the screw is 
jierhaps used to a larg(*r extent than any oth(*r 
single element of mechanism. It becomes a 
means of connection and union, temporary or 
permanent; a device for j)ro(Jucing end-long 
movement, a mechanism in (combination with 
the lever for gaining almost unlimited power, 
a device for imparting linear movement to 
materials, as in conveyors, a method of nu^asure- 
ment, tho agent for the propulsion of the biggest 
liners and battleships. 

Often mechanisms arc so changed that their 
essential elements are disguised. 

JOSKPH G. HORNER . 
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A Third Lesson In Spanish and further 
Lessons in the Courses of Latin and French 


LATIN By Gerald K. Hibbertt M.A. 


Section I. GRAMMAR. 

Anomalous Verbs are verbs that do not 
form all their parts according to rule. The 
following are the most common : 

Possum {Pole sum) - I am able ; Volo — I 
wish ; Nolo (Ne-volo) — I am unwilling ; Malo 
(Ma^is-volo) - I prefer ; Fero ^ I bear ; Fio — 
I am made, I become (used as the passive of 
Facio, I make) ; Eo - 1 go ; Queo and N&jueo = 
I can and I cannot ; Edo — 1 eat. 

Scheme of Conjugation. 


Indicative Mood. 

Present. 


Singular. 

Plural. 

1. 

possum 

possum US 

2. 

polos 

potest is 

n 

o. 

potest 

possunt 

1. 

volo 

volumus 

2. 

vis 

vultis 

3. 

vult 

voluiit 

1. 

nolo 

nolumus 

2. 

non vis 

nonvultis 

3. 

non VO It 

nolunt 

1. 

malo 

malum us 

2. 

mavis 

raavultis 

3. 

mavult 

malunt 

1. 

fero 

ferimus 

2. 

fers 

fertis 

3. 

fort 

ferunt 

1. 

fio 

— 

2. 

hs 

— 

3. 

lit 

hunt 

1. 

eo 

imus 

2. 

is 

itis 

3. 

it 

eunt 


Future Simple. 


Pot- 


. ero 

eris erit erimus 

critis 

erunt 

Vol- 






Nol- 






Mal- 


- am 

es ot emus 

etis 

ent 

Fer- 






Fi- 

j 





1- 


. bo 

bis bit bimus 

bitis 

bunt 




Imperfect* 



Pot- 


. eram 

eras erat eramus eratis 

erant 

Vole- 






Nole- 






Male- 


bam 

bas bat bamus 

batis 

bant 

Fere- 






Fie- 







I. 


Perfect* Future Perfect* and Pluperfect. 

Potu- > 

l.i isti it imus istis erunt 

orerS 

2. ero cris erit erimus eritis erint 
eram eras crat eramus eratis erant 


Volu- 

Nolu- 

Malu- 

Tul- 


Tul- 

3 .. 

Iv- J 


Subjunctive Mood. 

Present. 


Poss- 
Vel- 
Nol- 
Mal- 
Fer- 
Fi- 
E- 

Poss- 'I 

VclI- 

Nolb 

Mall- 

Ferr- 

Fier- 

Ir- 

Potu- 

Volu- 

Nolu- 

Mahi* 

Tul- 

Iv- 


iin 

is it 

imus 

itis 

int 

am 

as at 

amUs 

atis 

ant 


Imperfect. 



cm 

es ct 

emus 

ctis 

ent 


Perfcct and Pluperfect* 

1. erim eris erit erimus critis erint 

2. issem isses isset issemus issetis 

issent 


Imperative Mood. 

Possum, Volo, Malo, have none. 

Present, Future. 

2nd Sing. 2nd PI. 2nd Sing. 2nd PI. 3rd PI. 
noli nolite nolito nolitoto nolunto 

fer ferte ferto fertote ferunto 

fi lite — . — 

i ito ito itoto eunto 


Present. 

Infinitive Mood. 
Pres. ptc. 

Supines. 

posse 

potens (used as 

— 

velle 

adj. = powerful) 
volens 


nolle 

nolens 


mallo 


— 

ferre 

ferens 

latum, latu 

fieri 

— 

— 

ire 

ions {genitive eun- 

itum* itu 


tis) 



Perfect Participle Passive. 

Fio and Fero have pert. ptc. pass, factus and 
lotus. Foetus is used with sum, etc.* to form the 
perfect tenses of Fio. 
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Feror (passive of fero) has pres, indie. : 2. 
ferris. 3. fertur. 

Queo and Nequeo : Conjugated like Eo, 

Edo (I eat) often changes some of its forms : 

, Ind. Pres. Ind. Pres. 

2nd Pers. Sing, 3rd Pers. Sing, 
edis or es edit or cst 

Infin. 

ederc or esse 

Deponent Verbs. Th(?se are chiefly passive 
in form, but active in meaning — e.g., venor. 
venari -- to hunt ; ^itor^ uti to use. They are 
found in each of the four conjugations. They 
are conjugated like the passive voice of a verb 
of the same conjugation : thus, Venor (like amor), 
venari, venatus s}fni. Tn the infinitive, however, 
they combine active and passive forma — e.g,, 
Ulor : 

Pres, infin. uti, to use 
Perf. infin. usus esse 
Put. infin. usurus esse 
Supines. usum, usu 
Pres. ptc. ut-ens, using 

Perf. ptc. usus, having used. 

Put. ptc. usurus 
<h rands. utendum, -i, -o 
Gerundive, utendus 

The fact of their having a perfect participle 
with an active meaning makes them very useful 
for translating the English “ having used,'’ 
“ having hunted,” etc. Thus, for “ having 
spoken thus, the queen died,” if we use the 
deponent loguor, loqai, locutus for “ to speak,” 
we can say Ita locuta, regina morlaa est.'' But 
if w'e used “ dico “ for “ to speak,” wo could 
not use ” dictus,'' which means “ having been 
spoken.” We should then have to say either 
(1) his dictis (these things having been spoken, 
abl. abs.) regina mortua est ; or (2) quum itu 
di:\'isset, regina mortua est. 

Sf.mi-dkponent Verbs. A few verbs have an 
active present, and a perfect of passive form ; 
these arc called “ semi-, or half-deponents ” ; 
Audeo, / dare Perf. ausus sura, I dared 
Eido, / trust „ fisus sum, I trusted 

(hiudeo, / rejoice ,, gavisus sum, I rejoiced 
Soleo, I am wont „ solitus sum, I was wont 

Section TI. SYNTAX. 

The Dative Case. 1. The dative is 
often used after the gerundive ptc. in — dus 
(and sometimes after other passive participIc^s) 
where we should expect the ablative of the agent 
with the prep, ab — e.g., Hoc mihi faciendum est — 
this is to be done (must be done) by me. 

2. Predicative dative : that which a thing 
or person serves as, or occasions ; much used 
with sum, do, duco, and (especially with military 
t(‘rms, auxilio, praesidio, a^ihsidio) with verbs 
of motion — e.g . : 

Quinque cohortes castris praesidio reliquit. 

He left five cohorts as a guard to the camp, 
res saluti nobis fuit. 

Which thing was for a safety to us — i.e., saved 
us. 

Ipse sibi odio erit. 


He will bo an object of hatred to himself ; 
lit., ho will be for a hatred. 

Impedimenta esse to bo a hindrance. 

Detrimento esse - to bo hurtful, etc. 

3. The dative is sometimes used where wo 
should use a possessive pronoun or the genitive, 
to give greater emphasis to the person mentioned; 
Turn Pornpeio ad pedes se projeceruni — then 
they threw themselves at Pompey’s feet. 

4. The dative is used after several verbs : 
With.‘f?/mit denotes possession — sunt nobis mitia 
poma - we have mellow af)ples. All the 
compounds of sum (exc(‘]>t possum) take a dative. 

A\wbs signifying to Aid, h’avour. Obey, Please, 
Profit, Injure, ()ppose. Displease, Command, 
Persuade, Trust, Spare, Envy, Be angry, etc., 
take the dative, because they arc really intransi- 
tive — e.g., Parce pin generi = spare a pious race, 
lit., “ be sparing to.” 

I Although Inipcro (I (;omniand) takes a 
dative, Jubeo (I order) takes the acc.] 

These ver})s that take a dative cannot be 
used personally in the passive, but only im- 
personally— mihi persunsum est I hav(‘ 
b(‘en persuaded, lit., it has been persuaded to 
me. 

A few impersonal verbs take a dative ; Ubet 
(it plea.se8), licet (it is lawful), accidit (it happens), 
etc. — e.g. libel mihi I am i)leased ; tit., 
it is pleasing to me*. 

The Genitive Case. Tliis denotes ; 

1. Possession: this is the simplest and mo.st 
natural use of the gf'uitivc — Cwsaris uxor . 
(Cesar’s wife. 

The gen. sing, of a substantive is often u.sed 
ns a predicate with a copulative verb, to denote 
such English ideas as Nature, Token, Function, 
Duty, Part, Mark, o\Q.'~-e.g., Sapientis est 
tempori ccdcre it is (the mark) of a wise man 
to yield to einmmstanccs. Cujusvis (gen. of 
quivis) horn inis est errare . any man may err, 
it is (of the nature) of any man to err. 

2. The relation of whole to part : Partitive 
Genitive— multi vestrum ^ many of you. 
Purtissimus Groecorum — the bravest of tlu* 
Greeks. Duo horurn — two of these. Often 
used after the neut. sing, of adjectives and 
jwonouns expressing quantity or degree, and 
with nihil (nothing), satis (enough), parum (too 
little) — e.g., parum pruderUiae -- too little 
prudence. Aliquid pulchri (something beauti- 
ful) ; quid noiH ? (what news ?). 

Also used after some adverbs, quo, eo, turn, 
ubi, etc. — e.g., uhi gentium where in the w orld ? 
lit., where of nations ? ; eo miserarium ^ to 
such a pitch of misery ; and even ad id tenypnris, 
to that point of time. 

Note, (a) The whole of the city tota 
vrbs (not totum urhis) ; all of u.s nos omnes - 
wo all. For in these instances we are not 
dealing with a part. 

(6) It is equally good Latin to say “ viginti 
e suis servis misit ” as to say “ viginti sermrum 
mis it. ” 

3. Quality or Definition. This is very like 
the ablative of quality, and the substantive 
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in the genitive is alwaya accompanied by an 
adjective : homo infimi generis -- a man of the 
lowest race ; vir summae fortitudinia — a man 
of the highest courage ; puer aedecim annorum, 
— a hoy of sixteen years. 

4. Price. Used especially with verbs of 
Valuing and Esteeming; confined to plnria, 
mitwrist (anti, qiianti (and their compounds), 
magni, maximi, parvi, minimi (probably through 
confusion with the old locative, \vliich was the 
case used in expressions of value) — €.(/., Parvi 
aunt foris armay nisi eat conailium 'domi — of 
little value are arms abroad, unless there is a 
policy at home. [An old form nihili is used in 
this connection.] 

5. The genitive is used after verbs and 
adjectives signifying power and impotence, 
innoeeneo, condemnation, acquittal, memory 
and forgetfulness, and compassion — e.g., Parri- 
cidii eum inenaat — he taxes him with parricide. 
Alii reminiacentea veteris famae, aelatis tniaera- 
hantur others remembering their former re- 
nown, pitied their age. Capitis (or Capite) 
damnatus eat — he was condemned to death. 

[For the genitive of the object exciting mental 
emotion after certain Impersonal Ver))», see 
next lesson.] 

Subjective Genitive and Objective 
Genitive. Such a phrase as “ the love of 
Cod,” is capable of two meanings. (I) God’s 
love for us, in which case ” of God ” is 
subjective genitive ; (2) Our love for God, 

when “ God ” is objective genitive. In other 
words, if the gdiitive rejiresents the subject of 
a verb it is subjective ; if it represents the object, 
it . is objective. Both of these genitives may 
bo combined in a single phrase: > Ile.lvetiormn 
mjuriae popnli Uoma^ii— the wrongs done by 
the Helvetii (subjective') to the Roman people 
(objective). 

Sentences to be turned into Latin. 

[There are no actual words for Yes and No in 
Latin. An affirmative answer is expres.sed by 
etiam^ ila, factum., veto, veriirn, sane, ita vero, 
ita eat, aane quidern, etc., or by the proper 
pronoun, as ego vero ; or by the verb repeated 
in" Hie proper person— sentio. A negative 
answer is expressed by non minime, minime vero ; 
or with the pronoun, minime ego quidern ; or 
with the verb, non sentio. When the contrary 
is asserted by way of reply, we have immo, 
immo vero, “ No, on the other hand,” “ Nay 
rather.”] 

1. Do you think (begin the question with 
Num) God to be like me (genitive, after 
aimilia), or you ? Certainly you do not think 
so. Wiat then ? Am I to call the sun or the 
moon or the sky God ? No, assuredly not. 

2. Why do you not enjoy what you have 
bought (say “ the bought things,” perf. ptc. 

of emo) ? Because I have bought them 
very dear. 

3. 1 was persuaded to remain ten days at 
Cicero’s bouse. 


4. What is harder than a rock ? What is 
softer than a wave ? 

5. Ho had come to such a pitch of boldness 
that (ut) he was unwilling to obey the general. 

6. Always in a State those who have no 
wealth (say, those to whom there are no resoiirces) 
envy the good (citizens). 

7. In (apud) Vergil wo read about the taking 
of Troy. 

Key to above Sentences. 

1. Num tu mei similem pntas esse aut tui 
deum ? Profccto non putas. Quid ergo ? 
Solcm dicam aut lunam aut coelum deum ? 
Minime vero. 

2. Cur non emptis (ahl. after fnior), 
frucris ? Quod (or quia), maximi (or maximo), 
cmi. 

3. IMibi persuasura. cst ut dcccm dies apud 
Ciceronom manerem. 

4. Quid oat durius saxo, quid mollius unda ? 

5. Eo audaciae venerat ut imperatori parere 
nollct. 

6. Semper in civitate, quibus opes nullss 
sunt, bonis invidont. 

7. Apud Vergilium de capta Troja legimus. 

Section HI. TRANSLATION. 

Put into English : 

Si linguis liominum loquar ot ,ang(4orum, 
caritatem autem non habop.m, factus sum aos 
resonans aut cymbalum tinniens. Et si habeam 
prophetiarn et novorim mysteria omnia, om- 
nemque cognitionem, et si habeam totam fidem, 
adeo ut monk^s transforam, caritatem autem 
non habeam, nihil sum. Et si insumam alendia 
egenia"'' omnia qua? mihi suppetunt, et si tradam 
corpus meum ut comburar, caritatem autem 
non habeam, hoc nihil mihi prodeat'^^. Caritas 
irnm cohibet, benigna ost caritas, non invidet 
ciiritas, non agit porperam, non inflatur : non 
agit indecorc, non qua?rit qua? sua sunt, non 
exacerbatur, non cogitat malum. Non gaudet 
injustitia, gratulatur autem voritati; omnia togit, 
omnia credit, omnia sperat, omnia sustinet : 
caritas nunquam excidit : sed et prophetiae 
evanescent, et lingua? cessabunt, et cognitio 
evanescct. Ex parte enim cognoscimus, et ex 
parte prophetamus. Postquam autem advenerit 
quod perfectum est, tunc quod est aliquatenus, 
inutile, tolletur. Quum essom infans, ut 
infans loquebar, ut infans sapiebara, ut infans 
ratiocinabar : postquam autem factus sum 
vir, ut inutilia amtuli quae infantis erant. 
Cernimus enim nunc per speculum et per 
a?nigma, tunc autem coram cememus : nunc 
novi aliquatenus, tunc vero amplius cognos- 
cam, prout amplius edoctus fuero. Nunc vero 
manot fides, spes, caritas, tria ha?c : maxima 
autem harum caritas. 

Notes, (a) dative of genmdive = for feeding 
the needy. 

(h) from proaum, prodeaae, profui, 

(c) Ut with indie., or used without a verb, 
means “ as:” 

{d) jierfect of tolh (borrowed from suffero), 

[For English of the above, see 1 Cor. xiii.] 


Coniinued 
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NOUNS AND ADJECTIVES 
The Feminine 

1. (’ertaiu nouns have masculine and feminine 
forms consisting of wholly different words, as 
in English. The ehief of those an* : 


Masculine 

Feniin ine 

helier, ram 

brebis, ewe 

Inieuf, ox \ 

laureau, bull J 

vac he, cow 

hone, he-goat 

chh re, sh(*-goat 

cerf, stag 

hiche, hind 

cheial, hoists 

jnment, mare 

cochon, pig 

truie, sow 

compke, gossip 

coniniere gossip 

coq, cock 

poule, hen 

gar^on, boy 

fille, girl 

gendre, son-in-law 

bru, daughtt^r- in-law 

homme, man 

femme, woman 

jars, gander 

oie, goose 

iihre, hare 

base, do(‘-hare 

indie, mal(' 

femelle, female 

)nari, husliand 

femme, wife 

monsie n r, gent leman 

dame, lady 

neveu, nephew 

niece, niece 

oncle, uncle 

tanfe, aunt 

pajHi, papa 

maman, mamma 

par rain, godfather 

marraine, godmoth(*r 

pere, father 

mere, mother 

r*)i, king 

reine, (lueen 

2. ( 'Ortain feminine forms retain the masculine 

stem, but arc irregular 

in their termination: 

Masculine 

Feminine 

ambassade u r, am bas- 

a mbassadrice, am bas- 

sador 

sadn'ss 

canard, drake*- 

cane, diu^k 

compagnon, com- 

compagne, com- 

panion 

panion 

devin, soothsayer 

d e 0 i neresse, soothsayer 

dieu, got! 

deesse, goddess 

dindon, turkey 

dinde, turk('y-hen 

due, diiko 

duchesse, duchess 

empereur, emperor 

imperatrice, empress 

gouverneur, governor 

gouvernante, governess 

heros, hero 

heroine, heroine 

lowp, wolf 

louve, she -wolf 

muleh mule 

mule, mule 

perroquet, parrot 

perruche, parrot 

poulain, foal 

pouliche, filly 

serviteur, servant 

servanie, servant 


3. The names of many animals have only oik^ 
form. In that ciise, when there is any necessity 
for indicating the difference of sex, it is done 
by adding the word indie or femelle. 

Formation of the Feminine 

Such nouns as have feminine forms follow 
the same rules as adjectives for the formation of 
the feminine. These rules are as follow : 

1. To form the feminine of nouns and adjec- 
tives, add a mute e to the masculine : grande 
grande^ large ; petit, petite, small ; marquis, 
marquise, marquess; ami, amie, friend. 

2. If the masouline ends in mute e, no change 

Q 


By Louis A. BarbCt B.A. 

takes place: jemie (m. and f.), young; aimnble 
(m. and f.), amiable. 

Exceptions : 'rhe following noniis, ending in 
mute e, form their feminine by changing c into 


ane 

ass 

dnesse 

chanoine 

canon 

chanoinesse 

Comte 

count 

CO ml esse 

druide 

druid 

drnidesse 

hole 

host 

hot esse 

mail re 

master 

mailresse 

m nidi re 

mulall i> 

m nldlresse 

nlgre 

negi'o 

negre.-se 

preire 

[uiost 

pritresse 

prince 

prince 

pri nr esse 

prophlle 

pi'ophet 

prophitesse 

iigre 

tiger 

tigresse 

trail re 

t raitor 

trailresse 


When nuildtrt and utgre aix* used as adjectives 
they have the sanu* form for both g(‘riders. 

.3. Xoiins and adj(‘etives ending in eh eih en, 
ien, on, el, inthc^ masculine, form their feminine 
by doubling the final consonant and adding 
mute e ; niorlel, mortelle, mortal ; pureil, pareillc, 
similar ; europeen, europienne, European ; musl- 
rien, innsieienne, musician ; niignntu nugnonne, 
dainty ; oHief, muette, mute. 

Exceptions: The following adjisdives in el,, 
instead of doubling the t b(*fore adding mute e, 
take a grave ac(!ont on flu* e that ]>roeedes it : 
e^mplet eomplct(‘ compicfe 

iiicomplet inconi[>I(dc inc-ompIHe 


cone ret 

concrete 

conrrete 

discrel 

disere(*t 

discrete 

indisc ret 

indiscreet 

indiscrete 

ingniel 

anxious 

inguicte 

re pie! 

eor|)ul(*nt, 

replete. 

secret 

secret 

secrete 

4. Th(? following adjectives also form their 

feminine by doubling the final 
adding miitci e : 

(jonsonaiit and 

has 

low 

basse 

{'pais 

thick 

epaisse. 

ejcpres 

express 

ex pr esse 

gentil 

pretty 

genii lie 

gras 

fat 

grasse 

gros 

big 

grosse 

las 

t ir(*d 

lasse 

md 

null 

nude 

pdlot 

palish 

pdlotte 

pagsan 

[)(*asaiit 

pa If sa fine 

vieillot 

oldish 

vieifloite 

5. The live 

adjectives, beau, 

, nouveau, foil. 


nu>u, and vieux., which are used only befon? nouns 
beginning with a consonant or asjjirated h, have 
a second masculine form, bet, nourel, Jol, mol, 
and vieil, which is used before a vo^ el or silent 
h. The second masculine form of these ad- 
jectives is not required in the plural, because 
there the final x or s j^n'vents any harshness 
of sound before a vowel. Thus, the plural form 
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of bean and of bel ia beaux. Tlie feminine is got 
from this second form by doubling the final I 


and adding a mute e : 

beau, bel beautiful belle 

rumveaUy nouvel new nouvelle 

fan, fal niad folle 

fnou, mol soft nMlle 

vieux, vieil old vieille 


(). Nouns and adjectives ending in er form their 
feminine by putting a grave accent on the e 
prec(^ding the r, and adding mute e ; leger, 
legere, light ; premier, premise, first ; berger, 
hergere, she])lierd ; laitier, lailiere, milkman. 

7. The feminine of adjectives ending in gu is 
formed by adding a mute e with a dia?resis (f^ : 
aigu, aigue, sharp ; ambigu, amhigue, ambiguous. 

8. The feminine of adjectives ending in / 
changes / into ve : vif, vivc, lively ; bref, brhe, 
short ; neuf, neuve, new. 

9. 'Pht^ feminine of adjectives ending in x ia 
formed by changing x into ae : heureux, heureune, 
happy ; jaloux, jalouse, jealous. 


Exceptions : 



doux 

douce 

sweet 

faux 

fausse 

false ‘ 

prifix 

prejixe 

prefixed 

roux 

rou vvt 

red-haired 

vieux 

riel If. 

old 

10. Of the 

few adjoetive^ 

ending in c the 

following thv('c form their feminine by changing 

c. into che : 



blanc 

blanche 

white 

franc 

fra n che 

frank 

sec 

seche 

dry 

'Fhe others change c into que 


endue 

cxiduque 

(leerepit 

public 

publique 

public 

tare 

turque 

'furkish 


Orec, (h’eek, n‘tains the c, grec^iue. When 
franc means Frankish, its feminine iafranque. 

11. Nouns and adjectives ending in eur form 
their feminine in four different ways : 

(а) Nouns and adjectives in eur derived 
directly from the present participle of verbs by 
changing ant into eur, form their feminine by 
changing eur into euse : trompeur, trompeuse, 
di'ceitful ; bowleux, boudeuse, sidky; dan^enr, 
datiMUM, dan(;er ; pecheur, pklmm, fisher. 

(б) Nouns and adjectives ending in eur pre- 
ceded by t {tear), in which the t belongs to the 
ending and not to the stem of the word, form 
their feminine by changing tear into trice. Many 
of them have corresponding English forms in 
tor : acteur, nctrice, actor ; conducteur, condmlrke, 
conductor ; createur, creatrice, creator ; execu- 
teur, executrice, executor. This rule does not 
apply to such words as the following, in which the 
t belongs to the stem ; acheteur, achetmse, buyer ; 
merdeur, menteuae, liar ; flatteur, flatteuse, flat - 
terer ; porteur, porteuse, bearer. 

(c) Nouns and adjectives ending in erieur 
(English erior), together with the three words 
fneiueur, better; tnajeur, major, and mineur, 
minor, form their feminine regularly by the 
addition of vnlute e : superieur, superieure, su- 
perior; irtferieur, iinferieufe, inferior. 

To I 


(d) Some words in eur, that may be used both 
as adjectives and as nouns, form their feminine 
by changing ear into eresae. They arc ; 

enchanteur enchantereaae enchanting 

pecheur pkheresae sinner 

vengeur vengeresse avenger 

In legal phraseology defendeur and demandeur, 
defendant and plaintiff, have the feminine forms 
defenderease and demandereaae. 

The ordinary feminine of chanteur is chanteuMe, 
but when applied to a professional singer it is 
cantatrice. ('luiaseur, hunter, if ever used in 
the feminine, has both chaaseuae and chaa.ieresae 
Th(v latter form is poetical, and occiins almost 
exclusively in conm^dion with Diana and her 
nymphs. Imposteur has no feminine form as a 
noun, and is never used in the feminine as an 
adjective. 

(e) The following forms do not come under 
any special rule : 


long 

longue 

long 

oblong 

oblongue 

oblong 

benin 

ben igne 

benign 

mrdin 

malign p 

malicious (sly) 

coi 

code 

still (snug) 

favori 

faimite 

favourite 

fra is 

fraiche 

fresh 


(/) Tiers, an old form of the ordinal numeral, 
third (now troiaihne), is still used in a few 
expressions, and has tierce as its feminine, as 
nne tierce person ne, a third party. 

Ilebreue, as the feminine of hebreu, Jewish, is 
seldom used ; it is only applicable to persons, 
and is j)ractieally superseded by juire, Jewish. 
In any other case, the feminine form hefjraigue 
is used, thus ; langue hebraique, the Hebrew 
language. 

When the feminine form of a noun or of an 
adjective requires a grave accent it is for the 
purpose of preventing two mute syllables — 
that is, two syllables ending with a mute e — 
from coming together, thus : sec, a^-che ; bref, 
bre-ve ; berger, berg e-re ; secret, seerk-te. 

In expres the grave' accent of the masculine 
form disappears in the feminine, because the 
open sound which it gives the e ia obtained by 
the addition of ae, and it consequently becomes 
.superfluous. 

The diaeresis on the mute e of such feminine 
forms as aigue indicates that the sound of the u 
is to be retained. Without it the g alone would 
be heard as in the English word “ egg.” 

The addition of mute e to a noun or adjective 
ending with a consonant causes the final letter, 
which is frf^quently silent in the masculine, to be 
distinctly heard, thus aavardf), aavant{e), learned. 
In the case of a vowel ending, the mute e slightly 
lengthens the vowel sound, thus : joli, jolie, 
pretty ; ami, amie, friend. 

The plural of the feminine forms is formed 
like that of the masculine by adding a : Lea 
poirea aont bonnes, the pears are good. 

Adjectives agree in gender and number with 
the nouns which they qualify, thus : Tar&re eat 
' haul, lea arbrea aont hjauta ; la belle fleur^ ksi 
belles fleura, 

continued 
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By Jos6 Plfi Carceles, B.A. 


Qualifying Adjectives. Adjectives fi^onc* 
rally follow the Hiibstantivos (,o which they ref(M\ 
and. agree with thorn in gender and number. 
Adjectives ending in o become feminine by 
changing this final letter into a, — el 'plato hlancOy 
the white plafc ; la iaza blajica, the white cup. 
Those ending in on, or signifying nationality 
and ending in a consonant, form their feminim* 
l)y adding an a. un murhacho hoU^arAn, a lazy 
boy ; nna mnehneht hohjazana, a lazy girl. All 
othm* adjectives hav(^ only one termination for 
both genders. 

The Plural of Adjectives. Tht' plural of 
adjectives is forined in the same manner as the 
plural of nouns, by adding s or es according to 
their termination. An adjective qualifying two 
or more words of different gender 1 aloes thr** 
masculine [rlural form . — d caballero y la senora 
son espanoh.% the g(mtJ(*man and th<‘ lady are 
8])anish. 

The adjectivtes alquno, some ; bneno, good ; 
mah, bad ; ninguno, not any, none ; cunlquiern, 
any. are contracted to aUjun, bnen, mal, ningun, 

and cualquier before a mas(*uline singular noun 

nn hupii honibre, a good man ; ningun cuadro, 
no picture. Cunlqidera is also contracted in 
front! of a feminitio singular noun — cualquier 
callc, any stre(*t. (hande, meaning great, is 
contracted to gfma, and placed before thc^ noun 
it qualifies.— mi gran pintor^ a great painter. 

Kxercisk VI T on /SVr and AVar 
1. Arc yon business men from Madrid ? 2. 
No; [ a)n (a) lawyer and my friends arc phy- 
sicians. 3. is the steamer in the bay ? 4. 

No. sir ; not yet. 5. Is that gentleman your 
father? b. No; he is my uncle. 7. Are we 
near his factory ? 8. No ; it is very far from 
h(*re. 9. Whore are my trunks ? 10. 'J’hey 
arc on the platform, number five. 11. Are you 
pea*sick ? 1 2. No, thanks ; 1 am very well. 

13. Ts the door of the dining-room in the garden ? 

14. No ; it is now in the station to the right 

of the booking-office. 15. Arc? you (plural) 
foreigners? 10. Yes, sir; we are Spaniards. 
17. Where are wo (fern.) now ? 18. You are 

in the custom-house. 19. Is the clerk in the 
office ? 20. No, madam ; he is on board the 
steamer from Valparaiso. 

Exercisk VIII 

"I'he month El mes The anchor El ancla 
The salary El salario The ship El bnque 
The bird El ave The wing El ala 
The neigh- El vecim Pronuncia- Pronuncia- 
hour tion ci6n 

Hunger El hamhre The eye El ojo 
The Hour La harina The soul El alma 
A beggar Un men- A jewel Una joya 
digo 

The bread El pan The tree El drbol 
Short Corto Small Pequeno 

German Akmdn Beautiful Henmao 
Narrow Eaire/cko Immortal Inrmrlal 
] Largo The cigar El cigarro 


Polite Cories Italian Italian 

Jolly Alegre Difficult Dificil 

'Fhe weal her El tiempo Hard Duro 

'J'oo Demasiado White Blanco 

I do not understand — No comprendo 

Translate: I. A clerk’s salary. 2. The 
horses’ eyes. 3. The bt‘ggar’s bread is hard. 
4. My neighbour’s tr(‘e is too high. 5. Man’s 
soul is immortal. 0. The American flour is 
very good. 7. The sti(‘ets an* long and narrow. 
8. Tlu* bird’s wings an* short and white. 9. 
The (ferman ship’s anchor is too small. 10. 
Her sister's jewels an^ beautiful. 11. The 
Ereneh bread is good. 12. My father and 
mother are well. 13. The house and the garden 
are large. 14. Your Italian friend (fern.) is 
very polite and jolly. 15. (The) English pro- 
nunciation is diffieult. Ifl. Any white paper. 
17. Bad weather. 

Degrees of Comparison. The comparative 
is formed by placing (more) and (less) 

in front of the adj(*ctiv(^ — mas bianco, whiter : 
memui duro, less hard. The comparative forms 
of the adjectives grande, pequeno, bueno, malo 
are mayor, menor, mejor, peor, Tlu^sc words 
hav(? no gender, and they form the plural in the 
usual manner. 

In comparisons of equal degree, “ so-as ” and 
“ .so miieh-as ” are translated by tnn-conio and 
lanfo-como respectively. Tanlo being an ad- 
jective, it agrees in gender and numb(‘r with the 
following noun. “ Than ” is translated by que - - 
d comedor es mayor qiie la sala, thi^ dining-room 
is larger than the drawing-room ; no eji tan 
joven como Vd. he is not so young as you. When- 
ever “ than ” is followed in the English sentence 
by a verb, it must be rendered in Spanish by 
de toque, -es mas rico de la que. dice, he is richer 
than he says. 

Demonstrative Adjectives and Pro- 
nouns. Dcmoiistrativ(^ adjectives and pronouns 
agree in gender and number with the nouns to 
which they relali*. They arc as follow : 

Singular Plural 



M. 

F. 

N. 

M. 

F. 

This 

ede 

eMa 

eslo 

estos 

estas 

That 

ese 

esa 

eso 

esos 

esas 

That 

aquel 

aquel la 

Off u ell 0 

aqaellos 

aqudlaa 


The neuter forms have no plural. Este denotes 
proximity ; cjte, moderate distance, and aquel, 
remoteness (that yonder). 


Exercise IX 

1. This book is larger than that. 2. Is that 
the station ? 3. That stick is my brother’s. 4. 

Those newspapers are Spanish. 5. I do not 
understand that. 6. It is not that. 7. These 
cigars are better than those. 8. My brother is 
not so tall as you. 9. This lesson is not so diffi- 
cult. 10. Those houses are nearer than the 
factory. 

Translation of ‘‘to have.” The verb 
*• to have ” may bo translated either by tener or 
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haher. Tener is used as an active verb denoting 
possession. — yo tengo un sombrero^ I have a hat. 

Haher is simply an auxiliary verb, and it can 
therefore never be used except before a ptist 
partieii)le. — yo he comprado im bafilon^ T have 
bovght a stick. 

l^RicsioNT Indicative of Tener 
Singular Plural 

yo tengo, I ha ve maolrostenemos, we have 

tu lleupjt, thou hast vosoiros teneis, you have 
fl,e1la, Vd lieneAic, she, ellofi, elhiM, Vds fienen, 
it has. you have th(‘v, you have 

l*KE.sENT Indicative ok Haber 


4. Thy chair. 5. Our jiaper. 0. His, her, your 
letter. 7. My flowers. 8. 1’heir lessons. 9. Your 
(pi.) pipe.s. io. Our hats. 11. Her gum. 12. My 
envelope. 1 3. Your house. 1 4. Thy dressmaker. 
15. My horses. Ifl. His stick. 17. (^ur King. 
18. Her dog. 

1. Su despacho (de Vd). 2. Mis giros. 11. 
Nuestra easa. 4. Su lacre (de (4). 5. Mi padn*. 

6. Sus perros (de ella). 7. Sus tiendas (de ellos). 
8. Sus cheques (de Vd). 9. Nuestra r(‘ina. 10. 
Su comedor. 11. Su bastoii (d(‘ (^1). 12. Sus 

cartas (de ellos). 111. Sus eoi)ias. 14. Su factura 
(de Vds). 1.5. Su eoeiiia (de ella). Id. XiK'stras 
l(*eeiones. 17. Tu lauiuaiia. IS. 'Pus ariiigos. 


Singular 
yo he, I have 
fu ha,*<, thou hast 
el, ella, Vd ha, he, slic 
has, you have 


Plural 

unmtron hemoM, we have 
rosnfro.'i habeis, you hav(‘ 
ellos, el las, Vds han, 
they, you have 


Kxerce.sk X 


Looking- 
glil ss 

Espejo 

Piano 

Piano 

Dress 

Veslldo 

SiiKiir 

Azucar 

Situation 

Jiesfino 

T(‘lephone 

Telvfonn 

Matches 

Fosforos 

Address 

Direcciun 

Written 

E serif 0 

Bought 

(^omprado 

Sold 

Vendido 

Reeeiv(‘d 

Pecibido 

Found 

Encontrado 

To have to 

Tener gue 

Who 

Quien 

As soon as 

Lo antes 


possible posible 
To be hungry, thirst y, 
cold, hot, sleepy, 
afraid, ashamed 


Bag 

Maleta 

Boots 

Botas 

Pair 

Par 

Agi'iit 

Agente 

Boom 

( * u art 0 

(■ashitu* 

( 'a jero 

Seen 

Visto 

Left 

Dejado 

( 'ome 

Venido 

(lone 

Ido 

Lost 

Perdido 

4\) write 

Escribir 

'Po sign 

Fir mar 

4'o speak 

Hablar 

Why 

Por que 

That.w'hich 

Que 

Phiough 

Bastante 

Tener ha mb re, sed,frio 


calor, sueno, miedo, 
verguenza 


4’ranslate : 1. I have a good looking-glass in 
my room. 2. We have k'ft our bags in the train. 
II. Are you thirsty ? 4. Why have you not gone 
to JjOiulon ? 5. Have they found her blue 

dress? G. Has she enough sugar ? 7. We have 
no telephone in tlu? oflice. 8. T have lost your 
addn s*^. 9. He has a good situation in IMexico 

10. Have they come ? 1 1. Have 1 to sign that 

paper ? 12. You liave to write as soon as 

possible. 

Key to Kxer(tsk III 

1. el. 2. el. II. el. 4. la. 5. la. 6. el. 7. 
el. 8. la. 9. la. 10. el. 11. la. 12. el. 13. 
el. 14. la. 15. el. 16. el. 17. la. 18. la. 

1. plantas. 2. tinteros. 3. Irenes. 4. cofres. 
5. reyes. 6. elavel(‘s. 7. perros. 8. jabalies. 9. 
tierras. 10. cspafiolcs. 11. mares. 12. peces. 
13. muelles. 14. pueblos. 15. malecones. 16. 
playas. 17. perdices. 18. relojes. 


Key to ExEnasE IV 

1. My father. 2. Your book. 3. His pencil 
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Key to Kxkucisk V 

1. He is (an) Kiiglisliman. 2. Are you Spani- 
ards ? 3. [ am not (a) lawyer. 4. Wt* are 

foreigners. .5. Is that my train ? (». We ar(‘ 

clerks. 7. Who is the manager ? 8. You (pi.) 
are not th(' owners of the factory. 9. 1 am a 
pass(‘nger in (of) that train. 10. The frontages 
of the (uistom-house is blue. 11. His bedroom 
is larg(‘ 12. Thou art not tall. 13. Are you 
(a) business man ? 14. 'riu‘y are foreigners. 

1. I Ks Vd el j(‘ft‘ de la oficina ? 2. No, senor, 
no soy el jc'fe ; soy un (‘inpleado. 3. }, Quien 
es el abogado de su amigo ? 4. Ellos son 

niu'stros obreros. ,5. La filbriea no es muy 
grande. 6. Todos sus em])leados son ingleses. 
7. Vds no son espanoles. 8. Ks i'*l el duono 
d(‘l (de el) negoeio ? 9. Nosotros no somos (*x- 

tranj(‘ros. 10. »Su billete (d(^ Vd) (‘S a/ail, II. 
A Ks Vd su tio (d(5 el) ? 12. a Ks ese editicio 

la aduana ? 13. Ella es modista. 14. 4 Quien 

es Vd ? 15. Yo sov uno de sus em})leados (de 

^■1). 

Key To Lxekcise VI 

1. How arc you ? 2. 1 am not very well ; 1 
am very tired. 3. W here is the managtu* of tlu‘ 
station (station master) ? 4. He is not here ; 

he is in the booking-ofliee. 5. Are we in London 
already ? 6. No, madam ; we. a re now in Dover. 

7. Are you tired ? 8. No, sir ; and you ? 9. 
Neither am 1 ; many thanks. 10. Where is 
she ? 11. She is in New Y^ork, but her father 

is in Buenos Aires. 12. Are all the trunks on 
board ? 13. Who is in t he garden with the 

workmen ? 14. My friend is very far from here ; 

lu* is (Tigaged in the mines of (Colombia. 15. Is 
he ill ? 16. I do not think so. 

1. i Estamos ya en la fabrica ? ft No, senor ; 
estamos en la estacion. 3. i Ks este el anden 
para Madrid ? 4. No, srulor ; el anden para 
Madrid esta a la derecha. 5. i Quien esta 
encargado de los boules ? 6. Mi tio ; pero no 
esta aqui todavia. 7. i Como esta (el) ? 8. Estrl 
muy bien, gracias. 9. ; Estd Londres ccrca do 
la costa ? 10. No, e.sta en el Tdmesis. 1 1. 
i D6ndo esta el vapor para Montevideo ? 12. A 
la izquierda de la estacion, seiiora. 13. i Estd 
Vd enfermo ? 14. Estoy un poco mareado. 
15. i Estamos cerca de la oficina ? 16. No, 
Vds estan muy lejos (de ella). 

(To be continued) 



GR OUP 22 D RESS AND HOUSEKEEPING • THE WOMAN AT HOME CHAPTER 8 


Cutting and Making-up a Russian Coat and 
a Loose Wrap. Shrinking and Stretching. 

COAT CUTTING AND MAKING 


Cutting the Material. Short coats not 
exceeding 32 in. in length can usually cut 
from 1 J to 2 yds. of r)4 or oh in. cloth, without 
unduly cramping parts or dispensing with good 
inlays and turn-ups. Open out the cloth and 
examine it for damages. 'rheso ai‘c usually 
marked by the aid of strings secured to selvedge 
by the woollen mcndmnts, and it is rare indeed 
that such passes their critical eye. However, 
fold over the length with the crease on the 
nearest, and selvedge on farthest, side [23). 

Before ])lacing the parts down, see if the 
material has a way of 
the wool. This can 
soon be found by 
passing the hand to 
and fro lengthwise 
when the. pile, if 
present, can be f(*lt. 

Should this be evident 
in ever so slight form, 
arrange the cloth so 
that th(? pile runs 
from left to right, and 
sec that all parts of* 
the jiattern are ])laced down with the bottom 
edge to the right. Lay the front edge to the 
selvedge, follow with the side-front and top 
sleeve. Place the collar pattern A\ith thi* 
(centre of back on the fold. Place the back 
in left corner to the fold, and follow Avith the 
other pieces in the order shoAsn. 

Before marking any jiart, notice Avhere the 
inlays and turn-ups are added, and manipulate 
the parts accordingly. Inlays, etc., are marked 
by shaded lines. The inner collar cut from the 
bias of cloth is the same si/.e as the ])atlcrn, 
but. the outer collar 
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should be rivther 
larger, both in length 
and Avidth, than this. 

Mark the position of 
holes and buttons, 
also the Avaist-lim* and 
sleeve pitches, plainly. 

The facing is merely 
a ropet it ion of t he front 
section, but may be reduced slightly in width, 
or even pieced, if length does not permit of this 
part being cut Avhole. It is not ahvays customary 
to cut every part out, es})ecially when cutting 
for others to make up, as some tailors jirefer 
to cut their oaa'U fittings, such as collars, flaps, 
4nd facings. 

The lining may be cut out by the aid of the 
paper pattern, AAnile some lay the cut-out cloth 
upon the lining. Whichever plan is icsorted to 
(the use of patterns provides more scope for 
economic placement) there must be no stint 


of cilluM* length or width. Diagram 24 shoAv^, by 
aid of dash lines, llie surplus nwded for ease 
Avhen felling. The side seam of hack, sleeve- 
scams, and the front scam of side-piece should 
have J in. of surplus width; Avhile other parts 
should he in(U’(‘as(‘tl as shoAvn. com])rising a pleat 
d(»\\u th(^ hack, and 2 inches on side-front 
section over thi* lin'ast. 

When linings ivw needed to he inaclhncd up 
hefon^ putting in, more can'ful 1 1(^1100111 is 
m'cdcd, and they must be cut moiv in harmony 
Avith the })attcrn. with innch less surplus than fs 
here slioAvn. 
flints on Making. 
As so much of the 
fitting (jualiti(‘s of our 
c(jat depends upon the 
making up. (‘tc.. Ave 
must ])ause before 
shoAving tlic cutting 
of other styles in order 
1 to emphasise a few 
-JJ ^ css(*ntial ])oints alTect- 
ing this particular 
stylo of garment. In 
the first jilace, there arc but few seams. Corise.- 
(jucntly, Avo must rely greatly upon tla^ skill 
of th(^ Avorker to infuse sliapc* with the iron. 

As a simjile instance of th(' value of manipula- 
tion — i.e., shriiddng and stretching — Ave might 
point to the outline of our hack si^elion as cut. 
One Avill readily estimate that if this ])art is 
made up Avithout reei*iving tn'atmc'nt Avith the 
iron there will lu* surplus cloth in the hack Avaist 
which Avill ])rovc unsatisfactory. The part 
marked a in illustration 25 is the section in 
fjiicMtion as it leaves the cutting board, except 
that the marking 


MATKRIAI. 



LIN1N(} 


stitches have been put 
in according to the 
11 cutters instructions, 
/n-r-L— — _ (I coiwoyed by chalk 
marks. The top inlay, 
sleeve pitch, Avaist-line 
and IxTttorn irdays 
have been marked 
Avith l)asting cotton, 
and the top layer has been lifted at tia* bottom 
ccTiner, the stitches having been cut so that 
both layers are marke<.l; // shoAVs hoAv the iron 
has been applied to the (*dges at tlu^ Avaist and 
worked doAvmvard, Avhile by the left hand tla^ 
0])erator has strained the cloth, producing the 
hollow in the eemt re of hack, imitating the ofTcet 
of a seam at t hat part. 

Shrinking. I’ho beginn(*r may imagine 
that to shrink a certain portion one merely 
stretches the surrounding parts, and although 
this is correct to a degree, it is not Avholly so. 


dressmaking, millineryTt aHoring' domesticmanag®nt. cookery, laundry 
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for the practifced hand really does gather up 
cloth by the jiction of the iron, and after well 
damping the surplus stuif removes it as far as 
the nature of that particular cloth will allow. 
This operation is applied at other ])artH in similar 
manner. The portion to be shrunk is folded, 
creasing the line marked by the cutter (see wavy 
mark on straight line, which is the trade sign 
for “ shrink ”). and the edges strained, always 
downward, and the 
surf)lus so produced 
on the crease, 

“ boiled ” aw ay. It 
will be seen that if 
the operation is 
properly carried out , 
and the iron kepi 
on the cloth till it 
is well set, or driecl, 
the elTectt is quite 
as good from the 
fitting sland})oint as 
a seam. Tlie s(ye 
end of shoulder, 
both edges of the 
biased collar canvas 
(after having be(‘n 
padded to biased cloth), and the edge of the 
cloth for the outer collar need to be well stitched. 

rhe main support of the fronts is forrm*d by 
French canvas, of which 1|^ yd. is used for 
coat. As will bo seen by the diagram, the front 
interlining wdll be (iut from the selvedges of 
canvas, and the collar and shoulder parts being 
biased, they can bo takem from between the 
larger sections. Snip the 
canvjiH at the gorge and put 
in a wedge, so that the snip 
opens about -j in. Also strain 
the shoulder end again. 

The pockets, if any, should 
bo stayed with strips of linen 
from the scye and side seam, 
and the making of the tiaps 
and tackings should all be 
strongly and neatly finished. 

See that the flaps curl iinvard 
before being pressed. When 
basting in the canvas, sec 
that it has the same form 
as the covering, and do not 
spare the basting cotton, 
tacking always with a view 
to giving length through the 
hollow's of shoulder and w aist, 
and keeping it snug over the 
breast. Tailors use the knee, 
over which the garment is 
thrown ; it is then more 
convenient to ease on or hold tightly, as the 
case may be. The edges need holding tightly 
by a stnp of linen, and a bridle of linen is put 
on along the break again on the short side, so 
as to draw it* slightly. Pad revers thickly, and 
in such a w'^ay that they curl back. The fuln&ss 
cau.sed by the action oi linen being short needs 
the application of a sharp iron, in order that it 
can worked over the prominence of bust. 
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When putting in the sleeves, start the top 
fulness at 1 in. from shoulder seam, and terminate 
it at 2 in. from fiont pitch. The under sleeve 
must be kept very tight when sewdng the back 
scyc, but at the base it is eased about J in. [25 /J. 

Russian or Basque Coat. This is a stan- 
dard type of garment which w'ill always be 
popular, and while small details, such as the run 
and position of waist-seam, style of collar, 

length, etc., may 
alter each season, 
the basis of drafting 
l>a,s(pied styles in 
general remains the 
same [28J. 

Choosing Si/.o 4 
again we will briefly 
(‘xplaiii the cutting. 
When measuring, 
take the length 
from nape to ap- 
]>roximate position 
of waist -seam in 
juldition to those 
stated. Sam})Ie set, 
24, 40, 14, 15.i, 
:U, 6, 17. Scale 18. 

Rule line O 15 .V the waist length, and come up 
I.J in. for position of seam — viz., 14 in. from 
nape. At waist go in 2 in., and rule back line to (). 
() to 2, 2 in. ; to 4, 4 in. 0 to 8, one-third 
of scale, plus 2 in. Sfjuare lines out from each 
point. 0 to 2J, one-sixth, less J in. Raise in., 
as shown. On line 4 apply the back width, 
plus I in. Square up to meet this measure. 

From 1 to 21, half chest, 
)lus 2 in. Go back half scale 
es.s 1 in. to find ])oint 13. 
Raise 1^ in. 

Halve from 13 to 21, and 
go back 2 i*i- Scpiare up to 
A half scale. 

Rule A to E, and make A 
to C J in. less than back 
shoulder. 

A to B one-sixth, loss 
h in. Rule B through 21 
fo F. Go back from F to 
V 1 in. for the true centre 
line of figure. 

G to H, 2 in. From 21 
to 25 is 4 in., from which 
point square up to 4J in. 
Shape the slecve^taking out 
1 in., and slope it tow’ards 
the prominence of breast. 

B to D, one-sixth, less 1 
in. ; shape front edge and 
gorge. From 1 to 9 one-fourth 
of chest measure, less 1 in., and from 2 to point 8 at 
waist measure one-fourth of the waist — viz., 6 in. 

At 8 go up 1 J. 

From 9 to mark i in. always, from which 
.point square down to waist and go in 1 in., as 
shown. At I go up IJ, and curve bottom to 
point G at w^aist. 

The Basque. J to K. half seat plus J in., 
and from J square down to M 7 in., and across to L 
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[27]. Go in 2 in. at J, and rule back through M. 
Rifle \\ in. at top to agree with the height, seam 
is plac^ above the Avaist. 

From 2 to N. one-fourth of waist, phi.s J in. ; 
or make 1 J to N equal width 
of bottom and back section. 

Square down from N to 
find Q. N to F 1 in. N to 
N* 2 in. Rule F, Q, S for side 
seam. Let O to 1 J in diagram 
26, and from to T ecpial 
1 in. more than the length. 

Make K L J in. longer than 
from 2 to T. 

Go out 2 in. at K to agree 
with G H in Diagram 28. 

Slope the front away at R 
half the desired opening. 

By making R 2 in. back 
from square line, the corners 
should be open 4 in. Chit 
J in. off centre of back of 
l)oth diagrams for whole hack. 

'rhe cutting of this collar 
is the same as diagram 22. 
but the .silk covering is 
arranged to overlap the 
drawing seam about y hi. 

Wrap Coat. Owing to 
the fact that long winter 
coats and ulsters have to bo 
worn over a variety of under- 
wear, they must necessarily 
be (;ut a trifle larger about 
the shoulders and scyo, anrl 
in order to bring this about 
without resorting to any 
drastic change in our metliocl. 
wo advocate adding 1 in. to 
the scale. Thus for a 30 
chest use the 19 scale. 

The style chosen is a cut- 
away wrap Avith laid-on collar 
and moderate breast overlap. 

The body defines the figure 
very slightly, and there is 
a cut from the shoulder to 
the breast to facilitate the 
fit at that part. Side seams 
are finished Avith either slits 
or pleats. 

Many of these garments 
are made up unlined except 
for sleeve linings, and a 
“buggy” lining at back (see 
dot-and-dash lines, showing 
the termination of lining and 
position of cloth facing to 
which it is felleti). Silk serge. 

Polonaise or Itedian are suit- 
able materials for this purpose. 

The Drafting. Rule line 
O 60 to the desired length, and mark the deptlis 
«« before stated [28]. Square lines out. Add i 
across the back, and shape back shoulder, 
^om J to 205 { measure half chest plus 2^ in. 
Tiwn go back to A half scale, less J inch. 

Square up and down from 20J for the centre 
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line of front ; to B half scale. Square hack to 
(* one-sixtii, less J in. B to H, onc-sixth. 

Rule C to D, and place E at about 2J in. froniG. 
Raise .} in. at E. E to F, 2 in. Fto (*omplelo 
the shoulder-seam length to J 
in. more than back. 

Raise J in. at F. Shape 
scye. Halve from A to 20J, 
and mark * at 2.1 in. doAvn. 
Shape the sleeve as shown. 
Add .3J in. overlap at breast 
and waist, and draw line of 
fronts luuoss ('(‘litre line at 
12 in. np from 1); also round 
the edije at 6.1 in. from D. 

A to 10 2.J in. Sipiart^ 
down, and go fonvard .J in. 
for edge of cut, and take 
out I in., terminating tlic* 
.seam at 4 in. down. 

S [iiare down from point 
0',', and shape hack side 
seam by this guide ]iiu\ 
hollowing it slightly abov(‘ 
waist, and adding ij at hip 
line. Mak(? bottom of hack 
from L to K 2 in. in(m‘ 
than from } to Run 
the seam into the syce at 
I.J in. np from the scye 
level, and add .} beyond the 
line for run of scye. 

Take out J in. suppression 
at the seam, and overlap the 
seat so as to prodiK^e 1.J- in. 
in exc(3ss of the measure for 
seams and ease ; that is to 
say, for a 40 seat. The parts 
20/ to i and from M to 
11 aJdcd together should 
mcjusure 2U in. 

Let the bottom overlap 
from 4 to 0 in., and add 
in. as dot-and-dash lines for 
jileat or slit opening. Add 
J in. for collar stand at neck 
of liolli hack and front. 

When cutting fiom the 
cloth leave on good inlays at 
the side seam and front edge, 
and merely baste the breast, 
(kit for fitting in order that 
the quantity of suppression at 
that part can be varied. 

The Collar. It will lx? 
seen that the stand of collar 
is “ grown ” on the ncek of 
body part, tlier(*fore th(‘ 
collar Avill be void of this 
portion. Fin the vee F, L. 
2J together, and lay the [lart 
in a closing position with tin* 
back shoulder seam — in other words, place the 
parts down as they will be Avheii s(*wn. D 

overlap G one inch, while C is but touching the 

back neck. . . 

Now trace the collar similar to the design, 
noting the position of the meeting ends of same. 
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Martin, Siemens and Siemens-Martin Processes. Open- 
hearth Steel Manufacture. Steel Castings, Steel Rails. 

OPEN-HEARTH STEEL 


"‘iiK manufacture of steel in the open-hearth 
regenerative furnace is becoming more and 
more popular, and very great strides have been 
made in recent years through the introduction 
of the tilting furnaces, as well as l)y the increasing 
size of tlie stationary furnaces. The invention 
of the open-hearth lurnace and its accessories 
is due to Sir William SuMuens, and the. success- 
ful manufacture of gotxl steel in it was lirst 
accom])lished by Messrs. P. and E. Martin, who 
used steel scrap and ])ig iron, dissolving the scrap 
in the molttm pig iron, thus diluting the im- 
purities as well as partially removing them by 
oxidation. This was tcx’med the Mart hi prnces,<i. 
Siemens afterwards succeeded in desiliconising 
and decarburising pig iron, with or without scrap, 
by means of oxide of iron ore. At the present 
time both oxide of iron and scrap are used w'ith 
the pig iron, forming the Siemens- Martin ])roeess. 
The original method was to work only with an 
acid lining, but now both acid and basic linings 
are used, as in the Pes.semer })rocesH. 

The Martin Process. The Martin proeess 
is conducted as follows. The first thing is 
to solidify the bottom, which has been care- 
fully preparcxl with good silica sand, by melting 
a small charge of })ig iron and adding siliceous 
material to form a fluid slag. When this is 
melted it is w(‘ll rabbled about to wash the banks 
of the ftirnace and then tapped out tis scrap. The 
next three or four heats are less than the full 
charge's afterwards worked, and consist of pig 
iron and a little scrap, the latter being gradually 
increased till the furnace is in good working order. 
The materials may be chargetl cold, or the scrap 
may be first heated to redm'ss in an auxiliary 
furnace. Creyluematito pig iron of good quality, 
preferalfly low in silicon and containing man- 
ganese, is desirable, but a proportion of good 
white or mottled iron may be added. The pig 
iron— from 15 per cent, to 20 per cent, of the 
charge — is first added and upon this is placed 
steel scrap. 

When the charge is melted it may be kept 
in fusion, liecause the intensity of the oxidising 
action may easily maintained. In order to 
hasten the operation the pig iron may be charged 
into the furnace in the liquid state, and speedily 
raised to a white heat. The malleable iron, 
previously made red-hot, is then added in lumps. 
With a neutral flame. No. 1 grey pig iron will 
dissolve nine times its weight of Bessemer scrap, 
while No. 3 will not dissolve more than four 
times its weight, and, when the flame is oxidising, 
considerably less. The oxide of iron, Pe.<0^, 
formed by oxidation, reacts on the carbon of the 
pig iron, producing carbonic oxide, which, on 
escaping, , agitates the bath of metal, and thus, 
tends to make it uniform in composition. When 


the whole is melted a test is taken, and when the 
metal shows a propiT fracture and toughness, 
as well as the right dogi'eo of decarburisation, 
it is run into a ladle and cast into ingot moulds, 
as in th(' J^essemer proeess. This method of 
Avorkirig is possible only with tlie best pig iron, so 
that the usual plan is to decarburise completely, 
and th(‘n to add spiegeleisen or ferro-manganeso. 
I’he latter containing more manganese than tlu' 
former, a smaller (piautity is i*equired for 
deoxidation, and as, llier(*fore, less carbon is 
add('d, a milder steel is prodtiecxl. 

A few minutes sutfiee to melt the manganest! 
alloy, during which the m(‘tal is rabbled, or 
stirred, to mix it tlioroughly, after which the 
metal is ready for tt'cming into the mould. The 
tapping is ('(Tt'etc'd by driving a pointed iron bar 
tlirough th(^ tap-hole into the bath of metal, 
and on withdrawing the bar the metal flows out 
and is folhnved l>y tlic' slag. When the slag 
begins to How the spout is taken away, and it 
is allowed to floAv into a space prepared for it 
in the front of the furnaet*, that rtmiaining on 
tlie hearth being removed by tools introduced 
through the working doors, which an' on tlu' 
opposite side of the furnace. 

The Siemens-Martin Process. The 
Siemens-Martin proeess is similar to the above 
in operation. Pig iioii is lirst charged in, and 
the requisite amount of steel scrap added. 
1ho proportion of scrap varies in dift’en'iit 
localities, depending on the (|uality of the pig 
iron and of the scrap proeurabh'. Witli good 
hiematito pig iron, about 70 per c('nt. of si'rap 
is u.sed, but in other eases it may be as much 
as 80 per cent. Heavy scrap is preferred to 
liglit s('rap, being more readily handled .and loss 
liable U) oxidation during the melting. If much 
oxide be formed on the bed of the furnace, it 
corrodes the lining. For convenience in charging, 
the pig iron is generally broken up into half pigs, 
and these are charged by hand through the 
furnace door with the peely so as to distribute 
the charge evenly over the entire bed. In largo 
furnai'es the cliarging is done through two or 
three doors by men working with a peel at each. 
When the charge is thoroughly melted, Spanish 
or African haunatite is added in lutn^ at intervals 
for the deearburisation of the metal. In this 
way, during the working of a 10-ton charge, 
30 cwt. to 35 cwt. of ore will be added, each 
addition being followed by a state of violent 
ebullition of the metal on the hearth. Samples 
of the metal are taken for testing the malleability 
and toughness, and when the requisite purity is 
attained, the metal is allowed to stand for a 
short time to clear itself of slag, and small 
quantities of limestone are added during the 
process if the covering of the slag be insufficient. 


EMBRACiNa IRON & STEEL, MINING, QUARRYING, COAL, PETROLEUM, GAS, GOLD 
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THE BLAST FURNACES THAT REDUCE ORE 



The two left-hand pictures show iron-stone being transferred from railway trucks to the inclined hoist of the blast furnace on 
the right. This ore has been roasted to expel water, sulphur, and other siibstanres. t > enable heat to penetrate It readily. 



ncawng me masi are seen in i/ne ccniYe Detweeaiwoiumaces; onineieii> wa reservoir iuri¥iwvcK»oc» 
% pipe from tlMlnniaoe top. ^ese waste gases heat the blast In the stoves, and are cleaned to drive gas-en^nes. 
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PROCESSES IN THE MAKING OF PIG IRON 



'I'lii* l>Hse of a blant £urua«*«‘ shoxMi lu-n' by tho blast xiialii whirb ^be tuyi'ies of the furna^\ 

111 tin* l'on*(iro\iinl Is tin* piH'br»l ul snml iu whaii uioltciiirou irom tin* blast furnace s<'ts into solid barsor ingots. 
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THE BESSEMER CONVERTER IN FULL BLAST 



In tho Bessemer process of mauufneturinir steel, bars of piR-iron are first melted in a cupola furnace, and then poured 
through a spout, as shown hero, into a Bessemer converter, turne<l down into a horizontal position to receive it. 

^ 





oohverter is then turned up, and an air-blast supplied at a preasuro of from 18-25 lb. per square incli is 
lor^d through holes In the bottom, and up through the molten metal for twenty minutes. A niaring flame rushes out. a t 
•irsT a faint yellowish*red, (^hanging to a oenso yellow', the period of the boil, and dies away as a pale rose or amethyst tint. 



A FIERY STREAM THAT FLOWS LIKE WATER 



Tlio stoel which niiulo from tho (U'carhiiiiM'tl pi«-iron in tlu* furiuiccs is fjipiiod, while molten, into a hu«o laille. 



The liullc Is then wheeled nioapf over the casting-pit in front of the furnaces, and the steel poured Itito ingot mould*?. 



*l Uc IngoU are taken coollrcm the mould and reheated, as in the Bessemer process, and one of these is here being dra^n 
white-hot from the furnace to Ve hammered into billets or rolled into bars and sections for various industrial purpose^ 
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This picture shows the preliiuinary stages in tlic shaping of a white-hot steel ingot which has been brought straight from 
ftii ingot mould or a reheating furnace and placed under the Xasinyth steain-hammer. 



In a brief spaco of time the Ingot is reduced 
by the hammer to what is known as a billet, 
r 


In the making of steel rods, heated billets arc placed in a rolling-mill, iii 
which they arc rolled backwards and forwards to the required tnickness. 



I 






< T 
) . 




t. 



This five-ton, whit«f<hot ingot is being raised from a gas*firod soaking-pit. It will be rolled into sliibs and otlier forms. 

pbotographs on th«s« eight page.^ weie taken by courtesy of the Park date lion and Hlwl Ooinpany, Paik Oati* ; Moj^ra, Brown, Bayley 

and Ck>., ShofBold ; atid Mewini. Andrew*, Toledo Work^, Hhetncld. 
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THE MAKING OF STEEL IN CRUCIBLES 
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This picture shows ono ot the few cool <»pcrations connected with the manufacture of steel. ^%n'kcrs are treading the clay 
from which are formed the crucibles or pots in which crucible steel is made. This method is more common in German > 


The operation 
is ehown here. 


!>ttriitg Into % mould molten steel from a couple of crucible pots which have been t«im out of n fomaco 
le rows of onidble pots, which are to be noticed on the shelves, arc l)eing seasoned for fulure use. 
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Spiogel or ferro-manganese, or a mixture of both» 
is added to remove oxygen and give the requisite 
amount of carbon, ^e duration of this process 
is longer than the scrap process, and the hearth 
is more strongly attacked by the ore. 

When the charging is complete, the heating 
goes on for twenty minutes, wlien the valves are 
reversed, and so on till the charge is molted. 
On the addition of ore, the boil begins, caused 
by the evolution of carbonic oxide, duo to the 
action of the oxide of iron on the carbon of the 
pig iron, and this continues till the iron is nearly 
decarburised. For dead soft steel, the carbon 
is reduced to 0*12 per cent., when the furnace is 
ready for tapping. Before tapping, it is usual 
to fig backf as it is termed, by adding a few half 
pigs to the bath of metal, so as to keep it well 
on the boil before the addition of the ferro- 
manganese. The operation requires about eight 
hours, and four hours for charging by hand and 
repairs. 

After the charge has been tapped from the 
furnace, the tapping hole is made up with fire- 
clay and anthracite, and the bottom carefully 
examined for holes or cutting on the banks. 
These are repaired by spreading over them 
silica sand and glazing it in. It is then ready 
for the next charge. 

Acid Open-hearth Process. The acid 
open-hearth process does not remove phos- 
phorus and sulphur from the iron, so that both 
increase relatively in the finished steel ; hence 
the materials used must l^e low in phosphorus 
and sulphur. The silica should also be as low 
as possible, only sufficient, with tlie silica derived 
from the ore and furnace bottom, to form enough 
slag to cover the metal. The open-hearth 
process, like the Bessemer process, proceeds by 
first decarburising the bath of metal, and then by 
recarburising it by the addition of spiegeleisen, 
forro-manganese, or other highly manganiforous 
alloy of iron, etc. The addition obviously 
introduces at the same time a small proportion 
of other impurities, such as sulphur, phosphorus, 
silicon, etc., into the steel ; but the result is 
now minimised by the almost universal use of 
ferro-manganoso as the recarburising agent, 
whereby a small weight of recarburising alloy is 
required for the introduction of sufficient 
manganese into the steel to prevent the rod- 
shortness otherwise manifested by the metal, 
and to hnprove its malleability, without at the 
same time introducing too much carbon and 
such impurities as attend the larger amounts 
of spiegeleisen required. The use of ferro- 
manganese is specially necessary in the produc- 
tion of soft or mild steel. One advantage of the 
open hearth is that the steel can be quite dead 
melted, the process not being limited as to time, 
since the nature of the flame and the temperature 
of the furnace are so fully under control that 
the bath of fluid metal, after having been reduced 
to the lowest dogbee of carburisation required, 
wiay stand unaltered for any reasonable time, 
durmg which samples may be taken for testing, 
and ^ditions of pig iron, wrought, scrap, spongy 
meUl, 01 iron orel^made so as to adjust it to the 
aosired temper and quality, while spiegeleisen 


or forro-manganese can bo added in the solid 
condition in the required proportion immediately 
before casting, with the formation of a steel of 
which almost the exact composition is known 
beforehand. 

In the opon-hearth methods of producing steel 
the decarburisation and the separation of silicon 
and manganese from the pig iron of the charge 
do not appear to progress with the regularity 
which occurs in the Besscuner converter. During 
the first period of melting down of the charge in 
the Siemens furnace, the carbon, silicon, and 
manganese are more or loss oxidised, so that at 
the end of this stage — the proportions vary 
with the t(^mporature of the furnace — part of 
these elementHS have been removed. After the 
charge is molted down, however, the metal 
remains tranquil in the bath, undergoing little, 
if any, docarburisation, until the whole of the 
manganese has Ix^en oxidised, and the silicon 
in the metal has been reduced to about 0 02 
per cent. This condition is obtained in from 
three to four hours, after which tho bath of 
metal begins to boil from the escape of carbonic 
oxide resulting from the oxidation of carbon, 
and this state continues till tho carbon is reduced 
to about OT per cent., or loss, at which point the 
bath again ba^omes tranquil, and the slag, which 
w^as, thirty minutes previously, of a brownish 
colour, begins to blacken, owing to the slight 
oxidation of iron. 

Tho oxidation of the metal after melting 
depends on the composition of the slag and the 
Uunperature of the furnace. The variation in 
silica and oxide of iron directly aft(jr melting 
and just before tapping is comparatively small, 
but tho amount of oxide of iron increases after 
the addition of tho ore. This, however, is soon 
equalised by the taking up of fresh silica 
from the lining of the hearth. If the slag be thin, 
due to a low silica content, the oxidation of 
silicon and manganese in the pig iron is com- 
paratively rapid ; but if the slag bo thick, or 
highly siliceous, tho silicon and manganese 
are not removed, and may actually be reduced 
from tho slag and pass back into the metal. 
With a very siliceous pig iron, a rich gas, and 
rapid draught, the temperature gets too high, 
the carbon is oxidised in preference to the 
silicon, and the decarburised iron is too high 
in silicon. Hence, while it is essential to have 
sufficient heat to maintain a fluid bath of metal 
or slag, the temperature must be regulated so 
as not to exceed a certain limit. 

Recarbiiriaation of Iron. In the 

early days of the process, the successful recar- 
burisation of iron with free carbon w'as found to 
bo impossible, owing to the imperfect knowledge 
of the effect of temperature on the oxidation 
of carbon. Both liquid and gaseous carburising 
materials were tried, but with little success, 
and the workers had to fall ba(jk on spiegeleisen 
and ferro- manganese as carburisers. But these 
are far from pure substances, and introduce 
impurities into the iron. When the microscope 
began to be practically used in tho examination 
of metals, it was found that manganese did not 
alloy so readily with iron as had been assumed. 
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and, if not thorouglily mixed with the iron, it had 
a tendency to segregate. This explained many 
mysteries in the curious fractures of steel, and 
the arldition of manganese was ix^duced to the 
quantity required for de.oxidation. The basic 
Bessemer process especially led to a product 
comparativ(‘ly rich in oxygen on account of 
the after-blo\v ; therefore a larger amount of 
manganese was refjuired to remove it, and this 
manganese prevented the production of high 
carbon steel unless such manganese was left in 
the steel. Efforts were therefore made to 
recarburise the iron without the addition of 
manganese alloy. If the deoxidation were 
eff(*cted in part by 
spiegeleisen, and com- in: 

pleted by the addition 

of aluminium, only I -S-©-©- 

mild steel could be If 

produced. Darby then M ]| 

introduced the use of 

free carbon for this ^ 

purpose. In adding W ^ 

the carbon there is ® 

no marked change S S3 

the other elements, ® m 

and as the carbon 18 : 

addwl to the charge 
in the ladle, thei’e is 

no reduction of phos- c,**v .-'jw iS 

phorus from the slag. 14. .section of siemenj 

Medium carbon 

steels an^ now readily made in an open-hearth 
furnace for many purposes, such as the manu- 
facture of axles, guns, springs, tyres, armour 
plates, wives, steel castings of various kinds, and 
tools. The carbon may vary from 0’3 jier cent, 
to 1'2 per cent, 'riiere are three distinct methods 
of making such steels in an open hearth : 

1. To work the charge of pig iron until it has 
reached the desired amfiunt- of reearburisation, 
and then tap out. 

2. To work the charges until it is coraplet(»ly 
docarbiirised, and add spiegcleisen or ferro- 
manganese for recarburising. 

3. To work the charge as in the former case, 
and recarburise outside thi^ furnace by the 
Darby or some similar jirocess. 

For steel with about 0*3 to 0 6 per cent, of 
carbon the first method is often adopted, but for 
best qualities the sijcond method is preferred. 

The ferro-mangan(\s(? may be added, either in the 

furnace, immediately before 

tapping, or to the metal as 
it runs into the ladle. For 
steels with 07 per cent, of 
carbon and upwards, sat is- 
factory results cannot be 
obtained by airaply working 
down to the desired carbon . - 


content, and then tapping. 


16. PLAN OF SIEMENS OPEN-HEARTH FURNACE 


by the iron was so rapid that the lengthened 
time required by the above method of filtra- 
tion was unnecessary. The next plan was to 
run into the filter vessel a stream of carbon 
particles at the same time as the metal was 
teemed into it. It w^as found that sufficient 
carburisation occurred during the teeming of the 
first third of the charge. The employment of the 
carburising vessel was afterwards found to bo 
unnecessary, and now in similar processes it is 
customary to throw into the ladle at intervals a 
definitt^ quantity of finely divided carbon. By 
this means considerable economy is effected, 
due to the saving of spiegeleisen or ferro- 
manganese. In some 
American works dry 
. crushed coke, in paper 

I" bags, each holding 

& about 501b., isthrowm 

into the ladle witli the 
docarbiirised metal, 
the first bag being 
thrown in as soon as 
the metal covers the 
bottom of the ladle. 
Tli(‘ acciiraiy of the 
metal will be under- 
stood whim it is stated 

four cases the carbon 

.SECTION OF SIEMENS orKN'-HEARTH FUHNAiuo varied Only 002 per 

cent. About half the 
carbon added is taken up by the iron. 

The Siemens Open-hearth Furnace. 

The Siemens open-hearth furnace [14 and 16] 
had originally only one working door, which w^as 
in the middle of one of its longer sides, but in 
the larger modern furnaces there are throe doors. 
On the opposite side, and at the lowest portion 
of the hearth, is a tapping hole, and a channel 
through which metal is conducted for casting. 
The horizontal section is a rectangle with tin; 
corners removed. The hearth is composed of 
refractory sand, supported on an iron bottom, 
kept cool by a current of air, and it is repaired 
after each operation. The old type of furnace 
lias the hearth built over the regenerators, using 
the regenerator arches to support the furnace. 
This method is now practically obsolete. The 
regenerators are kept w ell to each end, and the 
body of the furnace is carried on steel girders, 
quite independent of the regenerator arches, 
.-i n. circu- 

late underneath^ and in 
metal breaking 
through the bottom there 
danger of its getting 
into the regenerators. The 
roof and walls of the 
fumacG ave lined with silica 


The third method, then, gives the best results. 
[See Harbord’s “Steel,” page 171.] 

Mr. John Darby has advised a method of 
reearburisation by pouring iron through a tube 
perforated at the bottom and containing carbon, 
mm which the carburised iron runs into the 
la^e. It v^as found that the absorption of carbon 
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brick. The body of the 
furnace is encased in steel plates, well riveted 
together and strengthened by supports and tie- 
rods. The gas enters the furnace through two 
openings, termed the ports, and the air through 
three similar ports, all arranged side by side. The 
blocks containing those ports must be capable of 
resisting a high temperature and the consequent 
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expansions and counter actions, hence they 
are made with air-cooled hollow castings. The 
position of the ports is designed to give a per- 
fect mixture of gas and air on entering the hearth, 
so as to ensure a complete and rapid combus- 
tion. The position of the ports depends to some 
extent on the contour of the roof. In some high- 
roofed furnaces, dome-shaped alternating arches, 
or gallery ports, are used for gas and air. It 
has been found with sulphurous fuels that the 
metal is less liable to take up sulphur during 
the melting when gallery ports are used. It 
was customary in former years to build the roof 
with a strong slope from each side to the centre, so 
as to deflect the flame on to the bath of metal, but 
it was found to be rapidly burnt away, and in 
all modem furnaces the best results are obtained 
with a fairly high roof, the inclination of the gas 
and air ports being sufficient to plunge the flame 
on to the metal. 

The regenerators are chambers filled with a 
checker work of refractory brick, arranged so 
that brick and air spaces occur alternately. 
The air chambers are generally made longer 
than the gas chambers, but the chief thing is to 
have sufficient capacity. The chambers should 
be 15 ft. to 20 ft. deep, and the capacity of gas 
to air regenerators in the proportion of 1 to 14. 
In all regenerative gas furnaces much fine dust is 
carried over mechanically with the gases, and 
tends to choke up the spaces in the checker 
brick^vork. In large furnaces especially, it is 
advisable to have a supplementary chamber 
between the ports and regenerators to serve as 
a dust-catchor. 

Basic Open •hearth Process. The 

object of this process, like that of the basic 
Bessemer process, is the removal of phosphorus 
from the iron by means of a basic or neutral 
lining, and the addition of lime during the 
working. Several special furnaces have been 
devised for this purpose, but the ordinary 
furnace as used for the acid process gives equal 
if not better results. 

A special type of furnace on the Batho principle 
was dovisod by Dick and Riley for use with the 
basic process. It has a circular or oval body, 
with a steel casing. It is placed on a platform 
supported by girders, and left entirely clear under- 
neath, BO that the bottom is kept cool and the 
lining better preserved. The four regenerators 
form four circular towers, and, instead of being 
situated below the bed of the furnace, are placed 
in pairs at opposite sides of the furnace. Each 
regenerator mrms a separate structure, which is 
out^of harm's way in case of the metal breaking 
out, and as it has only its own weight to carry, 
it cannot get out of shape. It is very desirable 
to regulate the amount of gases passing through 
the regenerators, in order to control the relative 
amounts of heat stored up in these chambers. 
The tendency is for the gas chambers to receive 
the largest amount of waste heat, whereas the 
a'ir chamber should be the more highly heated 
of the two. The regulation is affected by the 
ad^tion of a new kind of disc valve. 

The regenerators are 6 ft. 6 in. internal 
diameter, lined with Q-in. firebrick, and have 


outside casings of in. steel plates. The 
Batho method of arranging the flues has been 
adopted, the distinctive points of which are 
that the gas and air ways are brought up outside 
the furnace instead of inside, as in the ordinary 
Siemens furnace. In the latter form the ex- 
pansion and contraction disturbs the brickwork, 
causing cracking, which leads to the mixing of 
the gas and air before entering the furnace 
ports. In the Batho typo the external arrange- 
ment of the flues simplifies the furnace itself, 
reducing it to a simple box, which may be readily 
lined by ramming in material, or by brickwork. 
The ports are of the Hackney type, the air-port 
being placed vertically, or nearly so, above the 
gas-port, so that the two streams directly unite, 
and are not deflected as in the Siemens type. 

The roof is dome-shaped, as in the Siemens 
radiative furnace, but it is not used for the pur- 
pose of radiating the heat of the flame, as the 
flame is thrown directly upon the material to be 
heated. The roof can be made movable, so as 
to introduce large pieces of scrap. 

The roof is carried independently of the sides, 
and is built with silica bricks. The sides up to 
the top of the door and the gas-ports are of basic 
material. The acid section, however, does not 
rest upon the basic lining, a space being left 
between them, although acid and basic materials 
may touch provided one does not impose weight 
on the otlior. The btisic lining is burnt dolomite 
mixed with tar, as in the basic Bessemer 
process, described on page 927. 

Bertrand-Thiel Process. This con- 
sists of the use of two open-hearth funiac^es 
used in conjunction, one termed the 'primary, 
and the other the secondary furnace. The upper, 
or primary furnace may be situated at a higher 
level than the secondary furnace, and is used for 
melting and partly refining common pig iron. The 
larger, or secondary furnace is placed at a lower 
level, in which the partly refined iron, together 
with all the scrap available and some ore arc 
melted, and the iron completely refined. When 
working with a large proportion of scrap the 
furnace hearths need not be kept so deep — that 
is, they may have less cubic capacity for a given 
weight of charge than when working with 
pig iron alone, as in the latter case greater 
additions of lime and ore are necessary. More- 
over, when pig iron alone is used, the charge 
boils up excessively, and may cause the slag to 
flow out of the working doors, so that some scrap 
is advisable to quiet down the metal. Silicon 
and manganese are practically eliminated in the 
first furnace, together with some phosphorus and 
carbon. About two-thirds of the carbon and one- 
third of the phosphorus are left, to be removed 
in the finishing furnace. It will bo seen from the 
above remarks that if it be attcmipted to urge 
the rapidity of decarburisation in an ordinary 
single open-hearth furnace, the slag will rise so 
rapidly as to run out of the doors of the furnace. 
The greater rapidity of working in the duplex 
method is due to the fact of the impurities being 
slagged off in two stages, hence there is less 
slag present and more room for the metal. In the 
lower hearth the metal, which has been largely 
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freed from sand and slag forming elements, only 
(uuises a limited aiTioiint of slag to bo produced. 

In an ordinary opc'n hearth furnace the oxida- 
tion of the charge is chiefly confined to tJio upper 
part, where it is in (contact with tlie overlying 
slag and the lumps of ore, but in the BcTtrancl- 
'riiiel proc^esa the hot metal from the upper fur- 
nace is run on to white-hot- scrap which has 
become strongly oxidised, so that the oxidising 
influence is both at the top and the bottom, and 
the metal is therefore more quickly purified. 
Aforoover, at the liigh tempi^rature of the Siemens 
furnace there is a violent reaction between the 
metalloids and the oxide of iron, and great 
internal heat is produced by their oxidation, 
which greatly assists in maintaining the tempera- 
t-iire of the furnace. A basic lining appears to 
be necessary, and this lining in the prelimincary 
furnace to a larger extent contributes to the 
success of the process. 

Talbot Process. This is a continuous 
open-hearth proo(‘ss conducted in a tilting fur- 
nace wdth a basii; lining. Tin* furnace is specially 
designed so that any quantity of slag and metal 
can bo poured off at any period during the 
working of the charge. The method of working 
as explained by the inventor is fis follows. The 
pig iron used luis the composition — carbon, 
.*k76 ; silicon, 1*0; sulphur, O'OO ; phosphorus, 
O IK) ; and manganese, 0’4() per cent. TJiis is 
melted in a cupola. Suppose the furnace to lx* 
charged on a Sunday night with 50 per c(*nt. 
molten cupola metal and 50 per cent, scrap. 
This is worked in the usual way for steel. When 
the charge is finished, about one-third — ‘20 tons — 
is poured off into the ladle and cast into ingots. 
Xo slag is run off with this portion of the steel. 
Oxide of iron in the finely-divided stat(> is then 
thrown on to the slag, and as soon as it is 
iTU'lted about 20 tons of cupola nu'tal are run 
in to replaet* the stt'el ta])ped off. An immediate 
very active reaction takes place, during the 
continuance of which the gas is out off from the 



17. WELLMAN FURNACE— CROSS SECTION 

furnace. Carbonic oxide is copiously evolved, 
and after the boil has been on for 15 minutes 
the slag is poured otf, and the batli of metal 
worked into finished steel by the help of fresh 
additions of iron ore and lime. Another 20 tons 
are again tapped off, and another similar quantity 
of cupola metal added as before. These opera- 
tions are continued for a week, and tlie furnace 
completely emptied on Saturday. 
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The Wellman furnace used in the Talbot pro- 
ces.s [IG and 17] is along, horizontal chamber, 
resting on the pair of rac*ks, and rolling on them 
by moans of the segments of an enormous 
pinion. The rolling motion is given to it by large, 
nearly vertical, hydraulic cylinders, and when 
tapping, the furnace is tilted forw-ards [17] so 
as to dt^pres8 the tapping spout, through which 
the metal is poured. The rolling surfaces are 
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provided with ra<*k work, which kecp.s the fur- 
n?K*o parallel without siq^porting any of its 
weight. In ord<T to tilt the furnace, water is 
admitted to the top of the cylinder. The gas and 
air ports are of novel eonstruction. The two 
^pfissages leading from the regeixTators and the 
ports terminate in two watx*r-troughs on the 
level of the charging floor. Tlui brickwork of the 
ports is enclosed in a rnotal cage, but instead of 
being fixed it moves on flanged wheels running 
on rails, which enable it to bo moved a few 
inches to and from the furnace end. When 
melting is in progress the ports are moved up 
to the surface, so that the face plat/cs are in con- 
tact. When ready to pour, the ports are moved 
away. A special kind of ladle is also used, 
attached to the front of the tapping hole, and 
forming part of the structure. This Ifidle has 
Iw'o pouring holes and stoppers. When the 
furnace is tilted for pouring, the metal and slag 
flow into the ladle and stand at the same level 
as the metal in the furnacM\ 

Trains of casting bogies, each containing two 
moulcLs, arc then brought under the teeming 
holes of the ladle, and two moulds can bo filled 
simultaneously. The regenerative chambers are 
arranged in pairs at each end of the furnace, 
and extend under the charging platform. The 
furnace top, side, and outer layer of the bottom 
arc lined with silica and magnesite bricks. The 
bottom is made with magnesite. The air-re- 
versing valves are of the usual butter^ pattern, 
and the gas valves consist of two Ittuishroom 
valves. Both valves and scats are water-cooled. 
There are tlirco charging doors, operated* bv 
pneumatic cylinders through wire ropes, the leads 
Ix'ing so arranged that the doors are kept closed 
while the furnace is being tilted. 

Metal Mixer. Many attempts have been 
made to use the liquid cast iron direct from the 
blast furnace for charging the Bessemer converter 
and the open hearth, but owing to irregularity 
'in composition this has not been successful. 1^ 
however, the tappings from several blast fur- 
naces are mixed together in a special receiver, 
the irregularities are neutralist, a certain 
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amount of purification takes place, and a largo 
mass of a fairly uniform composition is obtained. 
The mixer may bo ot various shapes, but it is 
usually made of wrought iron or steel plates, 
lined with firebrick. It is mounted on trunnions 
and tilted by powerful mechanical gearing. In 
some works the mixer is of a semi-cylindrical 
form with hemispherical ends and an arched 
roof. It rests on rocker bands, and is tilted 
by a ram at one end. In other works t he tilting 
open-hearth furnace is used simply as a mixer. 

Charging Machines. One of the defects 
of an ordinary open-hearth furnace is the great 
amount of time and labour absorbed in charging 
the furnace by liand, and this has led to the 
introduction of machines for this purpose. 
The first machines were worked by hydraulic 
power, but these have been replaced l)y elec- 
trically-driven macliines, of which that of 
Wellman is the most largely used. The materials 
are put into iron boxes [17], each holding 1 ton, 
which are picked up by the machine, pushed 
into the furnace, emptied, and withdrawn, 
the whole operation taking one minute, so that 
50 tons can be charged into the furnace in about 
one hour. 

Casting of Steel. In order to get sound, 
forgeable ingots of steel, great care is necossaiy 
to avoid blowholes, segregation, and piping. For 
this puri)ose a dead melt is necessary — that is, 
to finish with a good, thick, clean, non-oxidising 
slag, which must bo at the same time fairly fluid, 
to prevent it entangling some of the metal. 

Fluor-spar added to the metal in the ladle 
gives good results. The gases in steel are princi- 
pally hydrogen, pitrogen, and carbonic oxide, 
and these are likely to increase with the rising 
temperature. The presence of silicon and 
manganese tends to keep these gases in solution, 
and thus to prevent unsoundness. Aluminium 
is generally added to the metal in the ladle for the 
same purpose. I'hc amount of silicon, manganese, 
or aluminium should be limited to the q\iantity 
required for absorbing the gases, otherwise 
the excess alloys with the steel and injures its 
qualities as well as tending to promote segre- 
gation. A steel casting is very liable to have 
internal stresses, caused by unequal contraction 
on cooling. The amount of shrinkage varies 
from 1-5 per cent, to 2 per cent., according to tlie 
composition and temperature of the metal. The 
softer and hotter the metal the greater the 
shrinkage. 

Annealing of steel castings is very important, 
in order to remove the stresses set up in solidify- 
ing, and thus to toughen the metal. The proper 
annealing of large castings takes nearly a week. 
Different articles require different amounts of 
carbon. Steel for pinions and hammer dies 
requires 0*6 per cent, of carbon ; miscellaneous 
gearing, from 0*4 per cent, to 0*6 per cent. ; general 
machinery castings, less than 0*4 per cent. ; and 
t'astings subject to great shock should not con- 
tain more than 0*2 per cent. Hulls and gnn- 
carriages contain from 0*2 to 0*3 per cent, of 
parbon. Steel eastings to stand the same stress as 
iron need only to bo two- thirds as heavy if they 
ii-re lai^. S^l is now taking the place of iron 


in gearing, hydraulic cylinders, engine cross- 
heads, pistons, rolls, spindles, coupling boxes, 
hammer heads, dies and castings for ship?. 

Treatment of Steel Ingots* Steel is 
not piled like iron for reheating, but cast into 
ingots of the proper size for the production of the 
required bar, plate, rail, etc. The hot ingots are 
usually conveyed from the moulds to a reheating 
furnace, and were formerly extended by the 
steam hammer before rolling ; but this is now 
considered objectionable, and they are therefore 
passed directly through the cogging or roughing 
rolls, then reheated and rolled in the finishing 
rolls to the required section. For small rails, the 
blooms after cogging may be finished right off 
without reheating, being rolled in long lengths 
and then cut into rails of the required length 
by a circular saw. This reduces the amount 
of waste from the crop ends, as a fewer number 
of rough ends require to be cut off than when 
the rails are made in short lengths. 

Soaking Pits. Instead of using a re- 
heating furnace the sensible heat of the ingots 
may be utilised by placing them in hot pits 
built of masonry. Tlie ingot of steel is removed 
from the mould as soon as it is sufficiently 
solidified, then placed in the hot pit and closely 
covered. By tliis moans tlie heat given out by 
the metal is absorbed and stored up in the 
brickwork. In alxiut an hour the ingot will 
be at a uniform temperature throughout, and 
sufficiently hot for rolling. During the soaking 
process a qTiantity of gases is lilx^rated from the 
metal, consisting of hydrogen, nitrogen, carbonic 
oxide, etc., thus excluding the air and pre- 
venting oxidation. If the brickwork l)ecomcs 
overheated, it may 1x5 cooled by dropping in 
some coal, when the surplus heat is absorbed in 
decomposing the coal and in volatilising the 
products. Considerable economy is claimed 
for this mode of working, as tlio loss of metal 
by oxidation during reheating, together with the 
expenditure of fuel, is largely avoided. 

If, however, the output bo insuffitnent to keep 
the pits occupied, and considerable intervals 
of time elapse between the heats, the pits lose 
too much heat, and the ingots get cold. In such 
a case the pits are generally heated by gas. 

Steel Rails. The essential properties in 
a rail are hardness and toughness, which do 
not generally go together. If the metal is 
not hard enough the wear will be too rapid, 
duo to the constant abrasion to which it is 
subjected, and if too hard it is liable to bo 
brittle and fractured by the sudden shocks 
which occur by trains running at high speeds 
over it. However, rails arc now made harder 
(that is, higher in carbon) than formerly. A 
medium hardness is therefore best, as it gives 
a good life to the rail without the great liability 
to crack which harder steels possess. In order 
to compensate for the increased brittleness of 
the hanier rails now in use, the weight has been 
increased from 56 lb. or 80 lb. to 84 lb. or 
100 lb. per yard. The smaller figures are for 
rails for small lines, and the higher figures for 
rails for main linos. 
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GROUP 23 - METALS 

Defects of Rails. Om of the chief causes 
of brittleness in rails is the presence of too much 
phosphorus in the steel. Phosphorus generally 
raises the elastic limit, and thus the elastic ratio, 
which is an index of brittleness. An illustration 
of the vagaries of phosphorus in steel rails may 
be given in the ease of M eld-iron rails, which may 
have as much as 0*45 per cent, of phosphorus 
and yi‘t stand a s<^vero impact teat without 
breaking, while steel rails with 0*3 to 0*4 per 
cent, of carbon and 0*15 per cent, of phosphorus 
are liable to break with a drop test of one ton 
falling through 0 in., so that anything above 
0*1 per cent, of phosphorus is dangerous. In 
fact, the behaviour of phosphorus is so capricious 
that it is better absent altogether. Silicon is 
another clement which tends to promote brittle- 
ness, and this should, therefore, Ik^ low. The 
higher wheel-loads now used on our largo railways 
require that the rails should posac^ss greater 
hardness, or the ends are liable to be erushed. 
The carbon is now increas(‘d to 0*5 per cent., 
the manganese to I per cent., the silicon to 
0*1 pt^r cent., and the phosphorus below 0*1 
per cent. If tlu* carbon be increased to 00 
per cent., as in the case of some American rails, 
the phosphorus and silicon must be present only 
in minute quantities, or the safety of the rails 
will bo dangerously impaired. Mr. Sandberg, 
roil inspector of the Swedish State railways, 
found that 80-lb. rails with 0*6 per cent, of 
carbon flew into pieces with less than half the 
sptJci/icHi tvp while tliose with 0*45 per cent. 
Httx)d the test of a drop of one ton falling from a 
height of 20 ft. Sir Lowthian Bell considers that 
the fracture of rails is chiefly due t o mechanical 
causes rather than to chemical composition. 

Nickel Steel Rails. Nickel steel is now 
being used for rails in America w'ith excellent 
results. The following table, by P. H. Dudley, 
gives the chemical composition of the rails 
furnished by th(^ Paniegie St-ecl Company, which 
were made by the open-hearth and Bessemer 
j)roc(‘8se8 as indicated . 



Opon 

Bt'-SOllItT. 



Nickel 

3r)2 

3-22 

3*50 

3*40 

Carbf>n 

OSS 

OBO 

0-52 

0-40 

Silicon 

005 

01 3 

0 

Oil 

MaiiKancHc . . 

0-80 

100 

0 

0-79 

rhospliorus 

OU 

o-oo 

0 

009 

Sulphur 

002 

0*03 

0 

0-04 


The wear of these rails was very satisfactory. 
A report stated that since they were laid they 
had outw'orn two or three ordinary rails, and 
were then only beginning to show signs of wear. 
Some of the rails were, however, too hard, and 
in some breakages had occurred. 

There are several distinct forms of wear and 
deformation of rails which must be due to the 
physical and mechanical properties: 

1. Surface wear of the heads, due to the 
rolling loads. Surface wear from adhesion of 
the engines whieh draw the trains. Surface 
wear due the application of breaks to retard 
or stop the trams. Surface wear due to sanding 
of the rails. 


2. Oxidation of the surface of the rails. 

3. V\ ear of the base of the rails on the cross- 
ties and under the spikes. 

■ 4. Wear and oxiaation of the metal of the 
heads and bases of the rails at the fishing angles 
with the splice bars. 

5. Wear and deformation at the joints. 

(). Wear of the surface duo to gradients, 
abrasion du('. to curvature, and distortion due 
to hollow wheel tr(*ads. 

7. Large shearing stresses in the w’cb of the 
nails, duo to the rails riding the holts. 

So far as rails are concerned, the advantage 
of open-hearth steel over Bessemer steel has 
not yet Ixrn definitely proved, but whatever 
.steel is used rare must be exercised in making 
it, in pouring the ingots, in their handling and 
heating, and in the rolling and straightening of 
ih(' rails. 3'he new method of rolling hiis a 
tendency to prevtmt that care and supi'rvision 
being exercised wliich was formerly bestowed 
when rails w’cre made short (T and lighter. 

Testing Rails. A rail, being practically 
subjected to a succession of blows in practice, 
is generally tested by a drop tost. This con- 
sists of the weight of one ton falling through 
the distance of 15 ft. for a light rail, and 20 ft. 
for a heavy rail. For light railways in this 
country a rail w'cighing 50 lb. per yard is 
spi'cificd by the Board of Trade, a maximum 
IosmI of 10 tons on the axle, and a maximum 
speed of 25 miles per hour. In order to ii*st 
a rail for sufficient hardness, a short piece is 
laid on bearings about 3 ft. apart and the centre 
bwlcd with a weight of 10 ions to 20 tons, 
ac'cording to the weight of the section, under 
\vhi('h the rail must show no appreciable per- 
manent set, and there should be no undue 
deflection under a load of double this amo\int. 

An American Rail-mill. A modern 
American rail -mill is arranged three rolls 
high, and consists of three or four separate 
mills, each di’iven by its own engine. This 
three-high system admits of tw^o pieces being 
rolled in a stand of rolls simultancouslv, and 
in such mills the grooves open upwards and 
downwards alternately, so that the rail d(X's 
not need to be turned upside down betwT.en each 
])ass, os in the reversing rolls. The hot ingots of 
steel 08 they come from the heating furnace or 
soaking pit are first ptvssed through the blwming 
or roughing rolls. Here the steel receives a 
rough shape, and is then conveyed to the shears 
and cut into two pieces, one being4.psed for a 
small rail, and the other for two larger ones. The 
large pieces are reheated, and pass to the finishing 
rolls, where the bars are made into finished ra.il8. 
Before the final rolling the rail is taken to a cooling 
table, where it is allowed to remain until it has 
cooled down to a certain temperature (about 
870® C.). This gives a fine grain 

The smaller pieces to be converted into small 
rails are reheated in a furnace, and when sufficiently 
hot arc passed in succession through three sets 
of rolls, each three high. The finished rails are 
cut into lengths 30 ft. long. 

A. H. HIORNS 
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GROUP 24--CLCRKSHIP * THE BASIS OF THE MODERN BUSINESS WORLD-CHAPTER 8 

Pass Books. Paying-in Books. The Cash Account. Improved 
Form of Cash Book. Petty Cash Records. The imprest System. 

BANKS AND CASH 


A n allusion has already been made to pass 
books. First let us note that the pass 
book is gcnprally recognised as the customer's 
book. That being the case, lodgments are 
entered on the debit and cheques on the credit 
side thereof, and the two sides harmonise with 
the two sides of the customer’s cash book. 
Occasionally, however, the sides of the pass book 
are reversed so as to correspond with the 
customer’s account in the bank ledger, where 
lodgments must appear as credits, and cheques 
paid as debits. 

A Rare Pass Booh. There is a third 
form of pass book — but this is more rarely 
met with — which has the usual columns for 
debit and credit entries, and a balance column 
besides. In the latter is shown the efTeet of 
each operation upon the banking account. 
That is to say, the pass book is balanced, item 
by item, but the balances are relegated to a 
special column or columns, and arc not allowed 
to interfere with the continuity of the entries 
in the remaining columns of the pass book. 

Next to be considered are the documents used 
in connection with a banking account. The 
chief of these are the “ paying-in ” slip and 
the cheque. The former is used when a 
lodgment is made. It shows for whose account 
money is paid in, the date, and the sum total, 
and tabulates the items comprising the lodgment, 
as bcank-notes, gold, silver, and copper, town 
cheques — country cheques being paid in on a 
separate slip — })ostal orders, and so on. 

Crossed Postal Orders. Postal orders 
received by a person possessing a bank account 
arc often treated as “ crossed ” cheques. If 
not already crossed by the senders, they are 
crossed by the receiver, wlio draws or stamps 
two parallel lines across the face of each order, 
with or without the addition of “ & Co.” 

The effect of both crossings is exactly the 
same— namely, that payment can bo obtained 
from the Postmaster-General only through a 
banker acting on behalf of a customer. But 
while a cheque to order requires endorse- 
ment, and a postal order cashed for a private 
person must bear the signature of the payee, a 
postal order presented for payment through a 
bank needs neither endorsement nor signature 
of the payee. 

When two or more postal orders are lodged at 
the bank, the total amount is entered on the 
town pay-in slip, and the details on a supple- 
mentary slip for the use of the bank. 

Paying-in ** Books. Banks in England 
supply paper-bound books of pay-in slips to 
their customers. Each slip has a counterfoil. 
Particulars of the lodgment are entered on 


the counterfoil and repeated on the slip. The 
dividing lino between the counterfoil and the 
slip is perforated, so that when the paying- in 
book is presented with the lodgment to the 
bank teller ho may, after satisfying himself that 
all is in order, easily detach the slip from the 
counterfoil. The latter ho initials, and hands 
back the ])aying-in book to the person who 
presented it, retaining the slip to be dealt with 
by the bank. 

In Scotland the counterfoil paying-in book 
is dispensed with. The customer nu;rely enters 
the items of the lodgment on the pay-in slip, 
which he presents with the money and his 
pass book. Instead of initialling the counter- 
foil of the paying- in book, the teller, after 
verifying the slip, emters the amount in the 
pass book, in words as well as in figures, and 
initials the entry. The hook and slij) are handed 
back to the customer, who ]mcsent8 them to the 
cheque clerk. The latter compares the entry 
with the slip, initials the entry, and returns the 
pass book to the customer, retaining the slip 
to be dealt with by the bank. 

Cheques Paid by the Bank. The 
other side of the pass book is concerned with 
cheques paid by the bank. In England, these 
are entered by the pass book clerk. In the 
metropolis, paid cheques are placed in the 
pocket of the ]^ass book, and t hereby reach the 
customer the next time he calls for his pass book 
from the bank. In Scothmd, the customer him- 
self enters tlio cheques in the pass book, and 
leaves the book with the bank now and again, 
so that his entries may be verified. In England, 
the pass book is in the bank’s custody the greater 
part of the time, being withdrawn at intervals ; 
in Scotland it is seldom at the bank for any 
length of time, being required by the customer 
almost daily. By virtue of the system explained 
above, the Scottish pass book tends to become 
a copy of the customer’s cash book rather than 
a copy of the customer’s account in the bank 
ledger. Hence it is necessary, before striking 
the periodic balance in the pass book, to carry 
forward to next account all entered cheques 
which have not yet been presented for payment. 

The Cash Account. The cash account, 
the source of whose entries was the journal, is 
now no more, its place having been taken by 
the cash book — an original register of receipts 
and payments. But the primitive form of the 
cash account is frequently perpetuated in the 
cash book. Two money columns, one on each 
side of the cash book, doubtless suffice for the 
entry of receipts and payments by traders and 
others who do not avail themselves of banking 
facilities ; but when money is received and paid 
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by the bank, the singlt^ debit cash coin inn and 
the single credit c;ash column will be found in- 
adequate to modern rcquirc'mentii. 'j’he most 
scientific method yet devised for recording cash 
and bank transactions has -already been explained. 
But that method cannot succeed unless the rule 
as to lodging intact all moniys received from 
outside sources is rigorously (‘uforced. 

On various grounds some busin(\ss men 
maintain they cannot adopt this syst(‘m in its 
(‘ntireiy. They are willing to j)ay into the bank 
all cheques recnaved. and so much of the cash 
as may not be requin'd for the till (pc'tty oash)^ 
but they object to lodge all moneys without 
deduction jus jind when received. In such cjvscs 
the method usually adopted is to enter in the 
bank column on the debit side all cheques 
received. All receipts other than (dumpies arc- 
first entered in the cash column on the dc'bit side, 
and, as lump sums arc paid into the bank, the 
amounts are entered in the casli column on the 
credit side and in the bank column on the <iebit 
side, because they are both paynK'ul s out of cash 
and receipts by the bank. 

The rule is here to bank daily round sums 
of cash and all cheques received, but if a received 
cheque, instead of being banked, wen* to bo 
paid away again or caslu^d, it would he treated 
as coin, and entered in the “ (^ash ” column. 

Petty Cash. Then^ jirc two ways of treat- 
ing the petty cash book. By some it is r('gar(h‘d 
as a mere memorandum book in which to enter 
day by day, or whene\<T the notion seiz<‘s them, 
payments which an* considered too insignificant 
for individual entry in the cash book. At the 
end of each week, month, or other ])eriod, these 
payments are summarised, and the sumimiry 
figures carried to the cash book. Thus, assuming 
that for a given week certain trade expenses 
totalled £1 1 Is. 2d., the amount is shown on the 
credit side of the cjish book, and the details are 
noted in a memonindum book as follows : 

wm 

Auk.. .. Stumps 5 

Karos. West Em l .. • 

(rratuity to rariiuiri 

Book of toloKram forms .. lU 

JUnttinp paper .. .. I 

J^triiiK . . . . , . I 

Crate wood for c.ases ..I 7 

Advt. in P.O, Directory .. j ,5 

Carr, on goods from J.ebiis I I 

Cl in 

Petty Cash Items. This m<*tbod of 
recording petty cash expenditure is an im- 
provement upon the former practice of passing 
petty cash items through the journal. There is, 
however, a serious objection to the memo- 
randum petty cash book. It constitutes a weak 
spot in any system of bookke(']jing, because 
it is not properly interlinked with the other 
counting-house records. Books of original entiy 
are temporary halting-places for items on their 
way to the U*dger. It is here that transactions 
and transfers have debit and credit values 
assigned to thcm» and these values must be passed 
to their final resting-place in the ledger. 
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The ])eiialty for defindt is that the kidger will 
not balance, and a not less serious consequence 
is that the lodger will be destitute of information 
which it ought to oontjiin. Hence the regular 
Jidmission of items into a journal is in itself a 
sort of guarantee that they will find their way 
in duo course to the ledger. If they Jire posted 
wrongly, or not posted at all, the two sides 
of the ledger will fail to jigree, search will 
be made for tin* diflerenee, and errors and 
omissions will be laid bare. 

Memorandum Petty Cash Book. The 
memorandum petty cash book is not a book 
of original (‘iitry in the technical meaning of the 
term. It boars the same relation to the cash 
book — the real book of original entry for the 
item of £I 11s. 2d. -jis the waste book does to 
the journal. Its entries may affect the lcdgt*r 
indirectly because of tin* difficulty of verifying tlu* 
cash balances if they were not taken into account, 
but in pnictic(* the* keeping of Ji memorandum 
potty cash book too oft(‘n resolves itself into 
an attempt, or a series of attempts, to overcome 
the hiatus between the amount of cash that 
ought to b(^ in hand according to the cash 
book and tin* Jimount actually jiresent in the 
cash-box. The cashier is in truth the victim 
of a eomplicjited system of dealing with the 
cash and of recording cjish transactions. 

Xot only is it very easy under such conditions 
to lose sight of, or to forget to note down, an 
item in the nu'inonindum book, but there is a 
temptation fo “lumj)” together ifoms which 
really b(*long to different lu^oonnts. The correct 
allocation of petty it('ins is a tedious and may 
seem a trivial task, in view of the smallness of 
the weekly or monthly totals. Nowadays, how- 
ever, the margin of profit is so narrow, and 
competition so keen, that it becomes imperative 
to analyse* expenditure e*xhaustively, so that 
waste and extravagance may be detected and 
for (he future ])reventcd. L(*-t us see, for example, 
how the distribution of petty expenditure 
would be made^ in the case before us. 

A summation of the items in the memoran- 
dum cash book for the week ended August 6th, 

1 904, w'ould be mad(*. Then the total of £1 1 Is. 2d, 
wouki be aj3portioned as under ; 


a fl. (1. 

l*ostaRe aiul trh'jiiains . . . . . , 15 2 

I’ackinginatirials 7 10 

(’arriaK«- . . . . . . . . . . 16 

.Advertising 5 0 

PriiitinK and stationery 10 

'I’radc expetiHi-s .. .. .. ..**• 0 8 


£111 2 

Instead of entering one item of £1 11s. 2d. in 
the cash book, we should now enter six items 
aggregating that amount, writing opposite each 
item the name of the account to which it belonged. 
Finally, the items would be posted to their 
appropriate accounts in the ledger. 

Trade, Expenses. It may bo stated in 
^passing that Trade (or Office) Expenses account 
is an account of miscellaneous items, trifling in 
amount and of infrequent occurrence. The total 
amount standing to the debit of Trade Expenses 
account at the end of a given period represents, 
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in fact, a residuum of expenditure wliich cannot 
fairly l^e charged to ap(*eific expense accounts, 
having be(*n ineurred for the benefit of the 
business as a whole. 

The petty cash book is too frequently looked 
\ipou as a record of items which are too insignifi- 
eant to bo passed through the cash hook. That 
may have bc*en so originally, but today we find 
the petty cash book performing the functions of a 
true cash book — items ap])earing therein of 
salaries, wages, commissions, travelling (‘xpenses, 
wlu’eh repres(‘nt quite respectable sums of money, 
as w(‘Il as items of genuine p(‘tiy expenditure*. 

The Imprest System. Let us now briefly 
consider one or two of the other methods of 
recording petty easli transactions which are in 
use at the })resent time. First, there is the 
imprest sysU*m. 'The petty cashier receives an 
open cheque for a round sum of, say, £10, which 
amount tlu^ cashier enters on the credit side of the 
irash book, charging petty cash account therewith. 
Pros(‘ntly the ledger keeper opens an account for 
p(‘tty < ash with the d(‘hit of £10 posted from the 
rash book. Tlu* })etty cashier having cavshed the 
l•h(‘qlU‘, puts the proceeds in the cash-box. 
l<"rom the fund thus provided he makes payments 
not ('xceeding the authorised limit for any one 
payiiK'nt. At the end of the month' or earlier, 
should liis balance happen to be running low- - 
he totals the payments made since, he received 
his latest advance*, and rules the amount off thus : 


1004 




Jail. 1 

Slamf»s . . . . i 


r, 

(■(-0. 

vtr ! 


d 


Total for January | 

! "’^1 

14 


His next care is to analyse the total; which 
ilom*. he takes his analysis, t ogether with vouchers 
in support of his expenditure, to the cashier, 
wlio examines the figures with the vouchers, 
and, finding them correct, in due course hands 
the petty cashier an open cheque for the exact 
sum stated to have been expended - namely, 
£S 14s. 3d. The analysis is retained by the 
t‘ashier, who, instead of entering £8 14s. 3d. 
«s a j)ayment, copies from the analysis into 
the cash book th(^ several sums that go to 
make up the amount of the ehequ<\ and from 
the cash book these items w^ould eventually bo 
posted to the ledger. The petty cashier, having 
cashed the cheque for £8 14s. 3d., adds the pro- 
ceeds to the money in the cash-box. If no 
payments have been made in the meantime, it 
will be found that the cash in hand has now 
been restored to its original amount of £10. 

At the end of January there should have been 
£1 5s. 9d. in the cash-box (£10, less £8 14s. .3d.), 
therefore an addition of £8 14s. 3d. thereto would 
replace the petty cashier at the beginning of 
February in the jmsition he occupied on January 
*8t, of a debtor to his employers for the sum of 
£10 advanced for petty cash. 

From the new fund thus formed he continues 
fu make payments until the time comes to 
’^■Pproach his chief for more money, when the 
Kamo routine is observed as before. 


As a consequence of the method now ex- 
plained, the registration in the petty cash book of 
cheques received by the petty cashier is rendered 
unnecessary. There is no difliculty in testing the 
cash balance, because this must always coincide 
with the diflerem^e betwei'n the recorded current 
expenditure and the floating debt of £10. Thus, 
if up to February 1 5th the petty cashier has 
expended, according to his cash hook, £5 9s. 2d. 
he ought to have £4 10s. lOd. in hand. 

Advantages of the Imprest System. 

The advantages of this uu'thod from the adminis- 
trative point of vi(‘w are that it establishes a salu- 
tary control over the petty cash expenditure, and 
that it ensures, if faithfully carried out, the lodg- 
ment intact of all sums from outside sources 
whi(;h hav(‘ been registered in the cash book. In 
the latb'r respect the system is similar to that 
rt‘Com mended on page 53fi, but the petty (^ash 
book differs from that shown on page 270 in 
that the analysis figures are not posted to the 
ledger direct, l)ut through the cash book, whereas 
the columnar totals of our tabular petty cash 
book are posted direct. 

There is, however, nothing to prevent tlu* 
petty cashier, with his chief's permission, 
making tlie |)crio(lie analysis in the petty cash 
book itself, thus enabling the ledgcT keeper to 
use it as a hook of original entry from which 
the ledger postings could be made. If this 
were done, tlu* cashier would merely enter in 
the (tush book the amounts of tlie potty cash 
cheque's, against which n'ferences to th(? i)etty 
cash hook would be inserted in the folio column. 
The inquirer, on turning to the places in the 
petty cash book whie'h had been ))ointccl out 
in the cash hook, would find that the amounts 
entered in total in the latter luul been dealt with 
in (k'tail in thi* former. But the initial £10 
w^ould b(* ])osted to ih(‘ ledger direct. 

The ])ctty cashicT might go evt'ii further than 
this by approximating the form of his cash 
register to that of the tabular petty cash book 
through the addition of analysis crolumns. By 
this numns the labour of the monthly dissections 
of expenditure would be n'duced and simpliiitxl. 

Another Method. We may notice an 
alternative method to the imj^rest system of 
managing petty cash transactions, whore moneys 
from outside sources are banked punctually, and 
without any deduction. This consists in keeping a 
separate pcd.ty or office cash book ruled with debit 
and credit columns, wherein all receipts of moiu'y 
from the bank and all payments except thosi^ 
made by ehe(pie are duly recordiMl. There is no 
floating balance in this case, hut amounts of £5 
are drawn from the bank as often as thc^y are 
wanted, and addtxl to the cash balanec'. Except 
that in many cases there are no analysis columns 
in the petty cash book, this system is identical 
with that w'hich now falls to be described. 

A careful comj)arison of the various modes 
of handling and recording cash and i)ctty cash 
should lead us to give our verdict in favour 
of the analysis or tabular petty cash book 
already mentioned. The highest, because the 
simplest, form of petty cash hook which has com© 
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within our knowledge is the one shown on page 
27h. I'o it, and also to the bank cash book on 
page 530, tl)e student is now asked to refer. 

The Tabular Petty Cash BooK. In 
pursuance of th(^ policy of having every account 
in the ledger, an account for petty cash lias 
been op(*ned on folio 25 of Messrs. Bevan & 
Jvirk’s general hslgei'. Tli(‘ tirst item on the debit 
side is the balance of 10s. as at ^iejitember 1st, 
1005 [see pag(^ 274], and the amounts drawn 
from bank (luring the month, as ascertained 
from the bank cash book fsee page 530], follow in 
chronological order. The result should be a 
total debit, of £90 10s., corresponding with the 
total of the “ received ” column in the petty cash 
hook. On the credit side, the total expenditure 
for the month, as aseertaiiu'd from the petty 
cash book, has lieeii posted in otk^ sum — namely, 
£89 13s. lid. The account has been balanced 
off, and th(! balance of IGs. Id., which agrees 
with that shown in the petty cash book, brought 
down to the Octi^lw account. , 

The petty cash account in the ledger is nothing 
more than an ('pifome of the petty cash book, 
and might be dispensed with but that it affords 
a check upon the amounts shown in the 
I* received ” (^olunm of tlui petty cash book, and 
is useful for oth<‘r r(‘asons. Bearing in mind 
what was said as to the Kank balance and the 
cash in hand const it uting two jiortions of one 
fund, \\v SCO clearly why the* transfer of money 
from bank to petty cash has the effect of debiting 
petty cash account and crediting bank account. 

Treatment of Payments from Petty 
Cash. With regard to jiay merits from petty 
cash, W'C notice that these, after being entered in 
the “paid” column, have been analysed under 
various heads. It should be pointed out that 
unanimity among business men in the matter 
of the particular accounts to which items of 
expense should be ap()ortionod cannot be ex- 
pected, and does not exist. But there arc some 
rules which iuv of general a [) plication, and 
should be adhered to. 

An example of what is meant occurs in Messrs. 
Bevan & Kirk’s petty cash Ixiok. Under date 
of ISept. 27th, we have the item “ Advertise- 
ment for sfdesman, 3s.” It w'ould be wrong, 
but the mistake is often made, to treat an 
item of this kind as a debit to Advertising 
account, because that account is opened for the 
sjK'citic purpose of showing the expenditure 
incurred in making know'ii the firm’s business to 
the utmost possible extent. What bearing has 
the advertising for a salesman or clerk upon 
the increase of business expc'ctcul to flow from 
a well-ordered advertising campaign ? 

The Ledger Postings. W'c shall number 
the money columns to the right of the “ paid ” 
column in the petty cash hook 1, 2, 3, 4, 5, 6 
respectively. It liaving been shown that the 
cross-citing cf the totak of all these columns 
is e(juivalerit to the total amount expended, 
nothing now remains except to note the ledger 
postings. . Jones & Co., Wm. Smith, and the 
Berlin Manufacturing Company are manu- 
facturers for whom Bevan & Kirk act as agents. 
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Out-of- pocket expenses paid from potty cash, 
and chargeable to all or any of them, are shown 
in columns 1, 2, 3, and pains must bo taken 
to see that items are placed in the right columns. 
The special vice of the columnar system of 
bookkeeping is the risk of items getting into the 
ivrong columns. The references at the foot of 
columns 1, 2, and 3 inform us that 78. 2d. has 
been posted to the debit of Jones & Co.’s account 
in the general ledger (U.L. 51), 10s. 2d. has 
gone to the debit of Smith’s account (G.L. 53), 
and 3s. 4d. to the debit of Berlin Manufacturing 
(’ompany’s account on G.L. 55. 

The total of column No. 4 has been posted 
to the debit of Trade Expenses account, and we 
shall not be slow to admit the utility of the tabu- 
lar method when we reflect that if all the items 
had been posted singly they would probably 
Jiavc occu]fled from forty to fifty lines in the 
ledger, while, if the petty cash had been sum- 
maris('d, the grouping of all the items would 
yet have proved a troublesome task. 

Postage Col u m n . Column No. 5 is reserved 
for stamps. By this moans a check upon the 
postboy is established. The monthly total of the 
postages c(flumn appears as a debit on Postages 
account (G.L. 29). 

The last column is headed “ Sundries,” and 
contains all the items which do not belong to any 
of the oth('r columns. These are posed in detail, 
and therefore a special folio colunm is provided 
fo admit of the insertion of ledger references. 

We may rdor to Transaction (h) for the sake 
of completing onr remarks on Bevan & Kirk’s 
postage book. “ Sept. 20, stamps purchased, 5s.” 
The ]) 08 tago book kept by Bevan & Kirk’s 
junior clerk is a miniature of the firm’s petty 
ciish book, and the rules laid down for the latter 
will apply equally as well to the former. The 
Postage account in the general ledger already 
stands debited with £2, and, assuming the stock 
of stamps to have run out on Aug. 31st, this 
amount would represent the total debit for 
Septembi'r, corresponding with the total of the 
“ received ” colunm in the postage book. On the 
credit side, post the total expenditure for the 
month as ascertained from the postage book, 
say £1 1 9s., balance the account, and bring 
down the balance of Is,, which should agree witli 
that shown in the postage book brought down to 
the October account. 

*’ Received*’ Column of Postage BooK. 

The entries in the “ received ” column of the 
postage book represent transfers from petty cash 
to postages, and may be checked at any time 
by comparison with the Postage coiuinn ui the 
petty cash book. »Such transfers have the effect 
of crediting Petty Cash account and debiting 
Stamps or Postages account. Tho “ paid ” 
column of the postage book is analysed under th(^ 
headings Jones & Co., Wm. Smith, Berlin 
Manufacturing Company, Office, Sundries. Th(‘ 
procedure as to cross-casting the monthly 
totals and posting them to their respective 
accounts in the ledger is the same as that 
described for Bevan & Kirk’s petty cash book. 

A. J. WINDUS 



SHORTHAND— LESSON 8. BY SIR ISAAC PITMAN & SONS 


Vocalization of PL and PR. The /d 

and pr series may sometimes be used tf) obtain 
H good outline, even though an accemted vowel 
coTues between the two consonants. In such 
a case the dot vowel urtwkkn the two leUm*s is 
exiu’cssed hy a small circle after the const >nant 
stroke ; thus 

chainntin, m?Wm, c(t»hin‘ed^ mmrenh*, 

. A stroke vowel or <liphthong is struck TiiRoimii 
the consonant ; thus 

^ Ui 

arhool, nrord, Itnrture. 

Single stroke words vocalize<l in the above 
ways arc halved for either t or d ; thus 

c»- C4. 

void. 

Wlien an initial Ijonk or circle w'ould interfere 
wuth a lirst-place vowel or tliphthong, or a final 
hot>k or circle with a third-place vow^el, the 
vow'cl-sign may be w ritten at the bkoinkino or 
KNU of the consonant ; as 

^ T-,, W" 

rhl^d, d(trniin(si\ Jitfuraf ii>n. 

Tt is seldom necessary to vocalize the pi and 
pr s(U'ies to mark an unaccented vowel ; thus 

jtpnud^ road. 

W and Y Diphthongs. When w or ij is 

followed by any sim])le vowel, long or short, 
and a diplithong is formed, it is represented by 
a semicircle wTitten in the same position as the 
simple vowel ; thus 

wfdi y<di ' yufr 

f‘h .•« 0/1 W'c/t cb With yrh yoh 
W’cc wee yi'e. y<'<f 

The following are examples of tlie use of the 
above signs : - 


'.tuavp,^ railmup miwerd, chiiiioi% 7nis(piof(\ 


dtwnch, twiiidy, t\rinyr, pemu'erd, linuh's-tvoiti , 
The right semicircle ^ representing waw <.>r 
may be prefixed to a stroke consonant where 
it is convenient ; thus 

.7 1 ; j' £ ^ 

tmlk^ VHiter^ loatchei', washer, war, vwrp. 

The left semicircle ^ is prefixed to downward I, 
to represent to*, and the right semicircle ^ is 
prefixed to k, g, m, mp, to represent ie only ; thus 

A C ^ ^ 

Wilson, tvake, wig, tooman, wampum. 


Diphonic or Two«Vowel Signs. The 

anguhir sign is emidoycid for the represonbi- 
tion of two consecutive vowels as follows : — 

(a ) Written in the first vow'el-jfiace to repre- 
sent the vowel (di aiid any vow^el immediately 
follow ing idt : tlius 


su/t/b, seiv//, iiiur'stos(^. 

(h) Written in the second vow'd-yfiace to repre- 
sent d and any vowel immediately following ; 
thus 

^ n 


hn/f'i\ lu/ty, betivn/ul. 

(r) Written in the thiid vowd-placo to repre- 
sent the vowd il or / and any vowel immediately 
following; thus 

■,r '' '■ 

r«'ol, iv'(dity, iv-cnter, amutblo, 


mrf/nd(‘r, geology. 

The angular sign is em])loyed for the 
?vprcsentati(Ui of tw’o consecutivo vowels as 
follows : 

(tfj Writ tc'U in the first vt)W’ el-] fiaco to repre- 
sent the vtovel (ttr and any vowd immediately 
following: thus 

"" ^ . -v 

tlujc//, droa'/^j\ withdr(/tml. 

(It) Written in tlie second vowel-placo to 
represent tlu‘ vow el e and any vowel immediately 
following ; tints 

])ort, })ofdical. 

(r) Written in thethinl vowel-placo to repre- 
S(*nt the vowel 00 and any vowel immediately 
follow ing ; thus 

V V'- q 

lua/n, birt/rry, Louisa. 

Prefixes* The syllable com- or cofL- 
occurring at the beginning of a word is 
expressed by a liglit dot written before the 
first consonant ; thus 

.1 . 

citmmif, commun dg. 

Medial com-, con-, or cog-, either in a word or 
phrase, is indicated by disjoining the form 
immediately following the com-, etc. ; thus 

^ k 

rccogTiisCf dt^cow/^osSf con/iHcd, incuxnbcntt 
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Accom- is roprosonted by a disjoined or joined 
A ; thus 

^ T 

accomDuKlnfioHy acnmiinodUite, 

Inter-y intro-^ or enter- is genoi\ally expressed 
by ^ nt; tlnis 

inteHoc/;, iutrospco/, cnter/rme, 

Alofjna-, mngne-^ or magni- is expressed by 
Ji disjoined ; thus 

^'•n. T . 

inagnji»ba//j/, nmgiuil ized, magiii/j/. 

Self- is represent t‘d by a disjoined circle s ; thus 
"Li-P w\f-(lefence. 

In- before the circled letters ^ 


To express -ship ^ is used, joined or 
disjoined, as in 

"y /ii^nc/ship, ^ sfetmrdship. 

A disjoined Vo is used to express -fidness ; 
thus 

restfidness. 

A disjoined 1^ is used for -lessness or -lotisness ; 
thus 

//n/dessness, sedulotisness. 

Writing and Reading Practice. At 

this stage of his study, the student is advised 
to exercise his shorthand attjiininents by making 
use of suitable matter for writing and reading 
l)ra(;tice. lie will find ample material in 
Pitman's Journal published weekly, price Id. 

Kky to Exercises in Last Lesson 


is expressed by a small liook, written in the 
same direction as (he circle ; thus 

1. 


V b 

4 

.1 

r 

4 


2. 

\ 

4 / 

/ T ^ 

. 

inN/)7m//oa, instrument, inscribe, inherent. 

r\ 

O- 

V 

'1 

^ < <]■ 

Suffixes, 'fhe suffix ~ing is expnissed by 
(lie stroke and -ings by ; thus 

4. 

V 


P 'W 

V^jp 

5. 

O' 


v' U> U\» 

facings facings, evening, robbing. 

When the stroke is not convenient, -imj is 
expressed by a light dot at the end of the word, 

6. 

> 

VI ; 

^ ^ i; 

7. 

V 

V - 


and -ings by a light dasli ; thus 






I/' 




8 . 


hoping, plotting, plottings, turning, turnings. 

The suffixes -alitij, -ilitg, -aritg, etc., are 

1. 



expressed by disjoining the preceding stroke ; 
thus 

2. ^ n ; 




3- 's S ^ 



formalitg, carnalitg, genial it g. 

7- > [ 



The sign ^ is employed as a contraction for 
-ment, when following ^ 7is, or a hook ; 

iminrisonment^ commencement. 

The suffix -mental, or -mentallg is expressed 
by mnt ; thus 


X-tj ins/rumental or la.sh'i/mentality. 

nvonient to joii 
tied ; thus 

friejidly. 


Where it is inconvenient to join the ^ for -ly, 
it may be disjoined ; thus 


The circle a is used to express -self and the 
large circle to denote -selves ; thus 

myself, himself, fhemselves. 
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Fractions — continued. Division. Brackets. Expression of 
Decimals as Vulgar Fractions. Fractions of Concrete Quantities. 


FRACTIONS 


83. Division of Fractions, (i.) When 
the divisor is a whole number. 

Suppose we have to divide J by 4. 

We know This fraction means that 

the unit is divided into 36 equal parts, and 28 
of the parts taken. If wc divide the 28 parts 
by 4, we get 7 of them — i.e. Hence i 4 

Therefore, to fUmde a fraction hj a tvhoU 
number^ we muUiyly the demminafor by that 
number. 

In the same way as already explained for 
multiplication, we cancel any common factors 
contained in the divisor and the numerator. 
Hence, if the numerator be exactly divisible 
by the divisor, wo may divide a fraction by a 
whole number by dud ding the numerator by that 
number. 

3 

Kxami.10 1 . 18 - ^ 

2 

Examplo 2. 9 -= * 


(ii.) When the divisor is a fraction. 

In the operation 24 : 3, we have to find the 
number which, when multiplied by 3, will give 
24. Similarly, to find the value of 7 f; we 
have to find the fraction which, when multiplied 
by f;, will give 


3x0. 

But *— ‘ is the fraction which gives 7 when 

i X 5 


.multiplied by 


Therefore, ^ 

7 0 1x5 


Hence, to divide by a fraction^ invert the divisor 
and multiply. 

As in multiplication, mixed numbers must 
first be reduced to improper fractions. 

Example 3. Divide 3,^^ by 5[\, 

“3 


■ 


5A - 


43 ‘215 
14 "‘ 42 ' 




84. Brackets. Brackets are symbols used 
to join together two or more quantities, to 
indicate that they are to be treated as a single 
quantity. 

Thus, (3i - 1J)"4-2J means that IJ is to be 
subtracted from 3J, and the result divided 
2|. The value of this expression is, there- 
fore, 

2 i + 2 J X ^=11 

Without the brackets, the value would bo 
~ 4 = sj - SJ X A = 


It is necessary to have several shapes for 
brackets, such as ( ), [ }» [ J» f^ince parts 

of an expression we Avish to treat as a single 
quantity maj'^ already bo enclosed in brackets. 

Example. Kind the value of 

[{(j-1 !i)-a i *)} - If.] !-(ii-i!f)- 

Given expression 



23 ..^12 11 

27 ’^27’ 

.I7 X - 1 Ans. 

Note that we first simplify the expressions in 
the innermost brackets, th(*n proceed to the 
next inner bracket, and so on. 


85. We have, so far, only considered fractions 
in Avhich both the numerator and the denom- 
inator are integers. These .arc called Simple 
Fractions. 

A Complex' Fraction is one in which the 
numerator or denominator, or both, are 
fractions. 


Thus 


31 


n ">< I K ’ 


are complex fractions. 


Now, to divide a unit into 5 ecjual parts and 
take* 3 of them gives the same result as dividing 
3 units into 5 parts and taking one of them — 
i.e.f i-I represents tlie quotient of 3 divided by 5. 

Hence means y'); .^.J. 

2 4 

Therefore, to simplify a complex fraction 
reduce both numerator and denominator to 
simple fractions, and divide the one by the 
Oth(M\ 

X. 1 . V. ‘4 - IS +3;} 

Example 1. Simplify - y, 7; . 

^ 2 1 :t 

Given exjTression 

■ j . ' 1 ? " -Y~ 

2 ti 4 

2 



6 


7 

6 


1,1 Ans. 


arithmetic, AL6EBRA, EUCLID, GEOMETRICAL DRAWING, TRIGONOMETRY 
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Example 2. Find the value of 

jL±i±i.. 

-L + l + l 

• 21 + 3^4^ 

Given expression 

20+1^+12 47 

~m 60 

"T7T r“ 3 4 ^ 

7'^i3 2i 

'3 4 5 

47 
60 

"117 +84 + (io 
273' 

13 

_47 . 266 _ 47 W_611 

60 ^ 273 ' (iO W("760 

20 38 


86. A Compound Fraction is a fraction of a 
fraction. 

Thus, J of f is a compound fraction. 

To obtain J of f we have to divide f into 
5 equal parts and take 3 of them. But 1 -i- 
5 == And tiirce of these parts — 3 x 


Hence ^ of f - 
of 'i X f. 

Therefore, the 
meaning as x . 


Jr ; which is also the value 
word “ of ” has the same 


87. In expressions where additions and sub- 
tractions as well as mvltipliccUions and divisions 
occurt the multiplications and divisions must be 
performed before the additions and sMractions. 

Thus f -5- S -I- § means that J is to be divided 
by |, and § is to be added to the result. 

It does not mean that f is to be divided by 
the result obtained when we add J to J. This 
would be represented by J -^ ( J + f ). 

In such expressions as J J x f,, each of the 
symbols x , refers only to the fraction 
immediately following it. 


Thus 


1 3 5 1 8 5 10 

4' 9 " 4 ^ 3 ^ 9 " 27 * 


13ut, if the above expression were written 
i S of S If' would mean that J of § is to be 
treated as a single quantity, and the value 
would be in- (J X S) i-f- 1;] i X -11. 


88. Continued Fractions. A fraction 
of the following form is called a Continued 
Fraction* 

1 


2+- 


5-f 


1 


3=4— 

i+f 


To simplify it, we begin at the lowest line 
Thus, the given fraction 
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2 + - 


6 + - 


3+-n- 


2-h- 


5 + 

236 , 

617 


11 

45 


2 + * 


6 + 


34-12 


2 + 


45 

236 


EXAMPLES 10 

Arrange in order of magnitude, writing the 
least first: 

1 . 


iil» .*].»» y.s- 
2 Hi 4rt ‘)7. .')1 

»">» f,7» 114» ;JH* 

3. 

Find the value of 

4. 31 h Vi + .y? I- 5iV 

6 . 3 r; - 4 ^ f - 6 g 4 - 7 ?. 

7 117 _ 1.’. I .r*7, 

8. J of of 5 - f of of J. 

9. (2h of 42 - 3,1) (il + i of 3J). 

10. 65 X 3A- - 7tV 5H - 4J X 5^^ 

11. (5l4-3J)of JS}H-{8f-(4t-i-|of5.i)}. 

21^3^ (7i- i of D-f-Sl . 

' 5>-4i 9} of 6 (10g-2Jof4)-<-3f of7i 


13. 


10 


J1 

2 

3+5 


14. 


3 + 


I 


1 + 


1 


2 + -- 

5 + J- 


3+- 


3 + t 


15. 3i-. 


2 - 


3-- 


2 i 


1- 


3 + J 


89. Expression of Decimal Fractions 
as Vulgar Fractions. 

Example. Express 5*375 as a vulgar fraction. 
, *375 = 376 thousandths. 

Therefore, .")*376 = = 5t Ans. 

Henr^. the rule is: Take the digits of the 
decimal for numerator ; for the denominator 
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put down I followed by as many noughts as 
there are digits in the decimal. Reduce this 
fraction to its lowest terms. 

90. Expression of Vulgar Fractions 
as Decimals. 

We have seen [Art. 85] that a vulgar fraction 
represents the (juotient of the numerator 
divided by the denominator. Thendore, to 
(convert a vulgar fraction to a decimal fraction, 
we divide the numerator by the denominator. 

The process is, in fact, the same as that 
already explained in Art. 33. 

Example. Express as a decimal. 

4).*V() Use factors of 32, and proceed 

8) -yX “ as in Ex. 1, Art. 33. 

■0<)37r) Av.9. 

Tt will l)e found in many eases that there 
is always a, remainder, so that the cpiotient 
can be continued indefinitely. [Ex. 2, 
Art. 33.] 

FRACTIONS OF CONCRETE 
QUANTITIES 

91. From the definition of a vulgar fraction, 
it is clear that to obtain any re<|uired fnudion of 
a given ('ompound quantity wo divide by the 
denominator of the fraction and multiply the 
result by the numerator. 

Example 1. Find the value of I of £3 17s. 4Jd. 
£ a. d. 

9)3^ 17 4i 

7 

£3 0 2/; Anfi , 

♦ After dividing the ixmce by 0, there is a 
remainder Ud. ^ iid. and :] 9 - ,‘5,- -- 

Example 2. Find the value of 4J' of 

£6 IRs 2d. 

£ s d. 

8) f^lS 2 

17 3| = Jof£6 18s. 2d. 

“2 11 9J - 2 of £6 18a. 2d. 

27 12 _8 -4 X £6 18s. 2d. 

£30 4 5? Jns. 

To obtain the value of a given decimal fraction 
of a concrete quantity, we may reduce the 
dtxamal to a vulgar fraction and proceed as 
above. 

Or, we may adopt the method shown in the 
following examples. 

Example 8. Find the value of 2*13625 
of £5. 

2* 13625 of £5 =£10*68125 

20 

i3*625t^(^s. 

_ 12 _ 

d. 

4 

far, 

£10 138. 7id. Ans, 


Explanation. Multiply 2*13625 by 5. Mul- 
tiply the decimal part of the prodiiet by 20 to 
reduce it to shillings. Multiply tlio decimal 
part of the shillings by 12 to reduce it to pcuice • 
and so on. 

Example 4. Find the value in tb. and 
decimal of a lb. of * 0123 of 3 tons 5 cwt. 47 lb. 

3 tons 5 cwt. 47 lb. 

20 Reduce the tons, 

05 cwt, etc., to lb. and take 

112 *0123 of the result. 

~()()7 

(i:2 

7327 lb. 

73*27 

14*654 

2*1981 

90*1221 11). Avs. 

92. The converse of this operation is to find 
by what fraction (vulgar or df‘cimal) w^e must 
multiply one given quantity to produce another 
given quantity. 

Example 1. What fraction of 2 tons 7 cwt. 
2 qrs. is 1 ton 8 cw t. 2 qra.? 

Express each of the quantities as simple 
quantities in t<‘rms of the same unit. 

Thus, 2 tons 7 cwt. 2 qrs. 190 <|r.s. 
and 1 ton 8 cwt. 2 qrs. = 114 qrs. 

Hence 1 ton 8 cwt. 2 qrs. is evidently of 
2 tons 7 cwt. 2 qrs. — 

/.r.. Required fraction = j — V An<i. 

We therefore have the following rule. To 
express one compound (piantity as the fraction 
of another of the same kind, n duce the quanti- 
ties to terms of the same unit ; take the first 
quantity for numerator and the second for 
denominator. 

Example 2. Reduce £7 3s. 22d. to the 
decimal of £5 4s. 2d. 

£ .s. d. 

7 3 2i 

_ 20 
143 s. 

12 

1718 d. 

4 

6S75 far. 

6*000)6*8J75 

1*375 Ans. 

93. Miscellaneous Questions Involv 
.ing Fractions. 

Example 1. In a cricket match, one man 
made | of the total runs ; another man made 
J of the remainder. These two scores differed 
by 7 ; what was the total ? 

First man made J of the total. 

Second man made J of the remainder, = J of 

S of the total - of the total. 3"herefore, 
ifference between their scores — (i~§) of the 

total = i of the total. 

Hence, 7 runs is J of the total ; so that the 
total =7x9 = 63 runs Ans. 


£ 8 . 
5 4 
_20 
104 s. 

_ 12 
1250 d. 

4 

5000 far. 


d. 

2 

Here we re- 
duce the two 
amounts to 
farthings, and 
divide the first 
by the second. 
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Example 2. In paying two bills, one of which 
exceeds the other by J of the less, the change 
out of a £5 note is half the difference of the bills. 
What are the two amounts ? 

Difference between the bills = J of smaller 
bill. 

And, change out of £5 = J difference between 
the bills ~ J of J of smaller = i of smaller. 

Hut, the larger bill equals 1 J times the smaller. 
Therefore, since the two bills and the change 
make £5, we hav.i 

(IJ -f- 1 h J) of the smaller bill - £5; 
i.e.t 2\ times the smaller — £5. 
Therefore, 

Smaller bill = = £2 ] 

2i 5 I Aw. 

and I 

Larger bill = £2 ■\- i of £2 = £2 13s. 4dJ 


Example 3. For one-third of a mile a 
submarine cable is laid overland, of it is 
suspended in the water, lies on the bed of the 
sea. Find its length. 

The fraction of the cable laid overland is 
evidently (1 - i\. - Jo) of its length. 


240 - 20 - 219 
~240 


of its length. 
240 ^ 


*’• w Jo of its length — J of a mile. 
Hence, total length ^ =: 80 miles Ans. 


EXAMPLES 11 


1. Reduce the difference between } of I'l of a 
guinea and *128 of £1 to the decimal of half- 
a-crown. 


2*5 4*55 

2. Express - - - x - of an hour in minutes. 
olo 

8. A sura of money is divided amongst three 
men, so that the first has J of it, the second has ji 
and the third has 38s. What is the sum ? 


4. A boy sold his knife for half-a-crown and 
gained a quarter of what it cost him. For 
how much should he have sold it to gain a 
quarter of the selling price ? 

5. A man left £4.50 to his youngest son, J of 
his money to his second son, and to his eldest 
son he left as much as to the other two together. 
How much money did he leave altogether ? 

6. Three brothers have a sum of money 
divided amongst them so that each has f of 
what his next eldest brother has. The eldest 
has £73 28. Gd. more than the youngest. Find 
the sum of money. 

7. What decimal of » of 2]} of £2 is equal to 
*65375 of £17 — 14*295 crowns ? 

8 . In walking from one town to another, a 
man finds that at tw’o o’clock ho has completed 
J of his journey, and at 2.15 he has completed 
J. At what time w'ill he reach his destination ? 

9. A woman had a certain number of oranges. 
She sells A half of them and one more, to B 
she sells half the remainder and one more, to 
0 she sells half the new remainder and one more, 
and she now sells one more than half of what 
she has Idt id D. She has three oranges left. 
How many had she at first f 


10 . \t a point of his journey from one place 
to another, a man noticed that ^ of the distance 
he had already travelled was J the distance he 
still had to go. After another 2J miles he had 
just completed half his journey. How many 
miles had he still to go when he made the first 
observation ? 

11 . A cask is filled with a mixture consisting 
of 4 parts of spirits to 3 parts of water. When 
3|[ gallons have been drawn off, and the cask 
filled up with water, the mixture then consists 
of 3 parts spirits and 4 parts water. How much 
does the cask hold ? 

Answers to Examples 10 

1. Ih A, il 2. iiJ, f,}. 8. 

4. 5. im. 6 . ryiii 7. 1. 

8 . 9. 21. 10. 1. 11. I J 4 . 12. 1. 13. 

12. 14. J. 15. 21 

Answers to Examples 11 
1. *524. 2. 560 rain. 3. Share of third = 

(1 - 1 - ?>) of whole — A}( of wliole. .*. of 
sura — 28., t.c., sum — 72s. — £3 r2s. 4. Half- 
a-cro^vn — ‘J of the cost. .*. Knife cost J of 
2s. 6d. — 2s. Hence, if the boy sells it to gain 
I of the soiling price, this 2s. will be the remain- 
ing J of the soiling price. Hence ho must sell 
it for \ of 2s. = 2s. 8d. 5. Since the eldest had 

as much as the other two together he must 
have had half the entire sum. The second son 
bad J. .*. Youngest bad l-J-J=Jof the 
sum. .*. Sum the father left == 8 x £450 = 
£3()00. 6. Second has f eldest ; youngest has 

5 of this, i.c., of the eldest. The eldest has 
a sura equal to I - jjj — jjj of his own share 
more than the youngest. .*. Eldest’s share =- 
of £73 2s. Cd. — £120. The second has f of 
£120 = £75. The third has | of £75 
£46 178. 6d. .-. The total money — £120 -f £75 
+ £46 1 7s. 6d. - £241 17s. 6d. 7. 3 016. 
8. Between 2 and 2*15, i.e., in J hour he does 
J - J = ^^2 his journey. But at 2.15 he still 
has f to do. This will take him J iV ^ 8 
quarter hours. Ho thus finishes 2 hours" after 
2.15, i.e.f at 4.15. 9. 3 oranges = 1 orange 
less than half the number she had before selling 
to D, i.c., 4 was half the number she had. She 
therefore sold D 5 out of the 8 she had on 
leaving C. Similarly, she sold C 10 out of 18 
she had on leaving B ; she sold B 20 out of 38 
slie had on leaving A ; and she sold A 40 out 
of 78 she had at first. Thus, required number 
= 78. 10. ^ of distance gone = J distance 

left. .*. Distance gone — 4 x f = J of distance 
left. Ho must therefore have already gont? 

of the whole distance. Now, is (4 — A) “ 
4'^ of the whole distance short of half-way. 
Hence, 24 miles = of the whole distance. 

Whole distance = x J miles = 194 miles. 
.*. Beqd. answer = ^ of 194 niiles = VV ^ 

12 miles. 11 . At first, cask contains f spirits ; 
afterwards it contains ^ spirits; hence 40 ! a cask 
of spirits was drawn off. And the 14 quarts dra^ 1 1 
off contained f of 14— i.e., 8 quarts of spirits ; 
therefore 4 of the cask is 8 quarts, and the whole 
cask is 56 quarts, or 14 gallons. 

H. J. ALLPORT 
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The Fairy Tales of Science 

“The Harmsworth Popular Science” 

(7 Volumes) 


Sent 

carriage 

paid 

on 

first 

subsci^ption 

oif 

2/6 


Look Back Twenty Years ! 

There was then no gramophone, no wireless telegraphy, no bioscope. 
No monoplane or biplane left the express train far behind. Look back 
forty years! No electric trams or electric light — no telephones — no 
submarines — no turbine-engines — no motor-cars — no linotypes — no 
typewriters — and no one thousand other things now considered 
essential in modern social and commercial life. The story of how all 
these things came is a fascinating romance of science and invention. 



The Records of Scientific Achievement are indeed Fairy Tales. 


The most wonderful fairy tale.s ever conceived by 
the most imaginative genius are less wonderful than the 
I rue tales of Science. The most thrilling advcnturc-s 
of the world’s greatest adventurers are less thrilling 
than the adventures in the field of Scientific discovery. 

The march of Science is so rapid, the discoveries of 
Science are so marvellous and so far-reaching, that the 
ordinary man can scarcely keep abreast of the progress 
that is being made yearly and almost daily. And the 
jargon of Science is to the ordinary man a meaningless 
arrangement of words that neither impress nor instruct. 


In such a state of thing.s the Harmsworth Popular 
Science — in its .seven .splendid volumes — comes as a 
great revelation to the man who is interested in the 
things that matter. These volumes tell the wonder- 
ful story of human progress from the beginning of 
time to the day in which we live. They tell 
the story of human achievement with all the 
fascination of entrancing fiction — in language that 
the schoolboy can understand — but with accuracy 
of statement that will satisfy the mo.st exacting 
student. 


FREE BOOKLET COUPON 


The 5000 pages contained in the seven volumes of the Harmsworth Popular Science glow 
with a living interest They are more entrancing than the best fiction — they are more educative 
than a thousand technical textbooks. They keep you abreast of the world’s progress— they will 

give you a new interest in life. 
They will be a well of pure delight 
for every man or woman who 
reads their fascinating records of 
progress. If you will fill up and 
send us thb coupon, you will 
receive, post free and without any 
obligation whatever, a beautiful 
booklet showing you sample pages 
from the seven volumes and stating 
the subscription terms of payment 


To THE EDUCATIONAL BOOK CO. LTD. 

17, Now' Bridfo Stroot, London, E.C. 

Please send me the free booklet, showing sample pages and subscription 
terms for the 7*volume Harmsworth Popular Science. 

name 

'lUDRESS 


OCCUPATION. 


A Bigger Salary- 

Thousands of men will make a good deal moie money in 1914 
than they have ever done before. Will you ? Tens of 
thousands of ambitious men will earn promotion and larger 
salaries in 1914. Will you be one of them ? Perhaps you think 
your advancement depends on the favour of your employer. 

Not at all — it depends upon your worth — ^your ability. 

Make yourself worth more — make your services more valuable. That is 
the sure road — the only sure road — to success. Only Y OU can do it — 
we can show you how to do it — the Harmsworth Business Library in its ten 
practical and inspiring volumes can guide you by short cuts to success. 



The world pays a man only what he is worth. You can be worth 
more and make more with the help of the Harmsworth Business 
Library. Thousands of young men have done it— you can doit too. 


What the Volumes have done for Others. 


Read the Opinions of a few subscribers who have saved money And mnde money by the volumes* 


Mr. A. H. Pkeemor*. of 79, Hivh 
SiMot. Rocitostor. 

** We adopted the mtem of book* 
keepi I advocated In Vol. 6, p. 152, 
and it nas saved us the whole cost of 
what we paid for the volumes. It has 
reduced our book debts by one-half." 


Mr. G. N. Tkomson* 82, Lans- 
downe Road, London, W, 

“It has proved of inestimahle 
benefit as a work of general reference 
on all phases of commercial activity, 
my only regret being that I did not 
possess the books years ago." 


Mr. S. M. Brown. 17. Loalto 

Street Pollokshields. 

Gtasgow. 

“To my son who has just 
entered on a business career^ it 
has proved of immense sMv'ee 
and benefit." 


IL 


-for you in 1914 


As you glance through the fascinating pages of the Harms- 
worth Business Library you will realise that business is not a 
sort of treadmill affair, allotted to you as a life punishment, but 
a fascinating prize competition in which the most valuable prizes 
in the world are to be won by skill, industry, and fearlessness. 

You will feel that here is a personal message to yourself, 
showing how, by your own brain and backbone, you can reap 
the rich rewards of the commercial arena. You will learn the 
most valuable business secrets of men who have risen from 
poverty to affluence, from obscurity to power, from the bottom 
rung of the business ladder to the top. 


You can get the lo-volume Harmsworth Business 
Library delivered to your address immediately on payment of 
the first subscription of 2s. 6d., and the remainder of the price 

^ is payable by monthly subscrip- 
'tionsof 5 s. AND, until further 
notice, you get — 


this beautiful polished 
oak Book-case Desk 


FREE 



Please fill up this coupon 
and you will receive full 
particulars of these 


To The Educational Book Co^ Ltd., 

17, New Bridfo St. London, E.C 
Sirs,— I should like to receive full p.-irticulirs of the xo- volume 
Harmswcftb Business Libraiy, which I can have delivered to me 
on first subecription of 2e. 6dU and of the patent Book-case Desk 
that you will send me free if I subscribe for the work. 

Name 


salary - raising volumes. 


Occupation 


S.E.a. 

iii. 





The Fine Art Scott with this 

(28 beautiful volumes) splendid oak book-case 


Sir Walter Scott breathed upon many 
centuries and countries with the fire of 
his genius, calling into glowing, vibrant 
life the heroes and heroines whom we 
accompany with such delight through his 
romances and reproducing with marvellous 
fidelity the historical setting in which his 
characters move. 

In the “ Fine Art Scott,” you get by 
return, afterthe first subscri])tion, asplendid 
Scott Library comprising the following : 

25 Volumes of Scott’s Novels; 

2 Volumes of Scott’s Poems ; 

each volume containing the story of its 
origin, a dictionary of its characters, and 
notes to illuminate the text and a (Id to 
the enjoyment of the reader ; 

Lockhart’s **Life of Scott/' 

in handy form in the 28th volume. This 
is the famous biographical classic. It is a 
marvellous picture of the writer as he 
appeared to his friends and contempoprics. 
It opens the door to an understanding ol 
the nature of a hero, and it increases our 
admiration of one of the world’s geniuses. 
Finally, the whole set of volumes is 

A Wonderful Art Gallery. 

The pictures in the ” Fine Art Semr ” 
are supromt* — unequalled. Never before 
has such a galaxy of talent deriving its 
inspiration from the pages of Scott Ix^en 
gathered between the boards of one edition 
of the master’s works. There are nearly 800 
ILLUSTRATIONS by famous artists reproduced 
in beautiful half-tone, and there are 28 
beautiful hand-printed photogravures. The 
work of no fewer than 200 great artists, 
academicians, and presidents of the Royal 
Academy was founcl worthy of inclusion in 
this best-of-all editions of Sir Walter Scott. 

Thii glorious Scott Library of 28 boautiful 
volumes it tent carriage paid immediately 
on payment of first subscription of 5/-, and 
the remainder of the price is payable by 
monthly aubteriptions of 5/-. 

And to those who order promptly this 
beautiful oak book-cate, which keeps the 
library as a splendid self-contained unit, is 
presented FREE. 


FREE 
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A KEY TO THE HARMSWORTH SELF-EDUCATOR 

From this table of the 25 groups of the Sclf-Kducator the student may find the place of any subject treated 
in the work. The main groups appear in regular numerical order in each part of the Educator, each group 
continuing until complete. The sub-divisions of the groups appear as nearly as possible in the order of this page. 

Group 1. Success Group 13. Physics and Power 


The Secrets of a Successful Life. Fersonalitv. Applied 
Education. Ideas. The Qualities that Win in th«-* World. 

Group 2. Geogrraphy and Travel 

GsoGRAPHy. riiysical, J’olitical, and Commercial, 

Tkavkl. Educational 1 ravel. How to Sec the World. 

Group* 3. Arts and Crafts 

Art. Ideals and History of Art. The Old Masters. 
Drawing. Freehand. Object. Brush. Memory. Light & Shade. 
Painting. Theory and Training. 

Design. Design in Crafts and Trades. Book-decoration. 

Illumination. Design for textiles, wallpapers, metal work. 
Sculpture. Modelling. Chiselling. Casting. 
Architecture. Theory. Styles. Training. 

Carving. Wood. Bone. Ivurv. Tortoiseshell. 

Art Metal Work. A Practical Course. 

Photography. A Course of Simple Lessons with a Camera. 

, . Group 4. Physiology and Health 

Physiology. Structure and Working of the Human Body. 
Health. The Laws of Health and Personal Hygiene. 

Group 6. Agriculture and Gardeninpr 
Farming. A Practical Course in the Cultivation of the 
Earth. Live-stock. Dairying. Poultry, Beekeeping. 
Forestry. The Theory and Practice of Managing Trees. 
Gardening. Gardens tor Pleasure and Profit. 

Group 6. Chemistry 

Chemistry. Complete Course in Theory and Practice. 
Applied Chemistry. The Applications of Chemistry in 
Industry.' Chemical Analysis. Acids and Alkalies. Oilsaiul 
I Fats. Waxes. Candles. Soap, Glycerine. Volatile Oils 
and Perfumes. Paints and Polishes. Glues. Starch. Inks. 
Coal Tar Products. Wood Distillation. Celluloid. Matches. 
Artificial 'Manures. Electro chemistry. Water-Softening. 
.Waste Products. Artificial Silk. 

Group 7. History 

The Story of All Ages and Peoples for Over Ten Thousand 
Years — From Egypt and Babylon to Europe in 1914. ' 

Group 8. Civil Engineering and Transit. 

Civil Engineering. Surveying. Varieties of Construc- 
tion. Reinforced Concrete. Roads. Bridges. Railways 
and Tramways. Water Supply. Sewerage. Refuse. 
Hydraulics. Pumps. Harbours. Docks. Lighthouses. 
Vehicles. Construction and Use. Cycles. Cabs, Buses, Trams. 
Moi'ors. Design and Management of a Motor Car. 
Aviation. Science and Maiiug<*ment of Plying Machines. 
Railways. The Management and Control of Railways. 
Shipbuilding. Shipping. Design and Construciion. 

Group 9. Literature and Journalism 
Literature. A Surv«’y of English Liteiature and F'oreign 
Classics. The World’s Great Books and their W'riters. 
Journalism. How to Become a Journalist. A Guide to 
Newspaper Life. Howto Write. The Joiiriialisl’s System. 
Printing. Composing by Hand and Machine — Linotype 
and Monotype. Stereotyping and Printing. 

Type. Type Cutting and Founding. 

Engraving and Etching. Blockmaking and Process Work. 
Lithography. I'rin'ting from the Stone. 

Bookbinding AND Publishing. Binding and Issuing Books. 

Group 10. Civil Service and Professions 

Civil Service. The 'I'liree Branches of the Public Services 
of the British Empire. — Municipal, National, Imperial. 
Banking. The Whole Practice of Banking. 

Law. How to Become a Solicitor or Barrister. 

Medicine. Training of a Doctor. Veterinary Surgeons. 

Dentists. Chemists and Druggists. Nurses. 

Insurance. Health. Unemployment. Life. Fire. Accident. 
Auctioneering and Valuing? Practical Training. 

Estate Agency. Management of a Great Estate. 
Church. How to Enter the Ministry of all Denominations. 
Scholastic. Teachers. Professors. Governesses. Tutors. 
SECRSTARiEs.lustitution Ofhcials.Political.Agents.Lecturers. 
LiRRAHip, Management of Libraries. Cataloguing. 
army, Navy Merchant Service. How to Enter Them. 

Group 11, Life and Mind 
Biology. The Rise of Life. Evolution. Heredity. 
Psychology. The Mind of Man. 

bociOLOQY. Social Conditions. Welfare of Communities. 
ttuCENics. Human Betterment and the Future of the Race. 

Group 12. Business 

Busins^ Management of, a Successful Business. 

System. Simple Political Economy. 

Shopkeeping. All Kinds of Shops and Small Trades. 
ADVERTISING. Thc Value of Advertising. How to Adveifisc, 
How lo Write Advertisements. How to Get 'Ihcm. 


Physics. The Science of Matter and Motion. 

*owER. Sources and Uses of Power. Air. Water. Wind. 

Sun. Steam. Oil. Gas. For Electririty, sec Group 16. 
Prime Movers. Structure and Management of all Engines. 

Group 14. Building: Trades 
Building. 'Ihe Building Trades and Building Materials: 
their Manufacture and Use. Buililing a llouse. Ex- 
cavating. Drainage. Bricks, Limes, and Cements. Brick- 
laying. Cl.ay Wares. Reinforceil Concrete. Masonry. 
Carpentry. Slates and Tiles. Plumbing. Joinery. Foundry 
and Smith’s Work. Painting. Papering and Glazing. 
Heating. Lighting. Ventilation. Quantity Surveying. 
Wood-working Machinery, The Machines Used in 
Working Wood : Sawing, rurning, Planing, Moulding. 
Cabinet-making and UiMioLsrF.RiNo. 

Group 15. Natural History 
Botany. Flowers. Plants. Seeds. Trees. Ferns. Mosses. Fungi. 
Zoology. Mammals. Birds. Fishes. Reptiles. lusects. 
Lower Forms of Life, 

Bacteriology. The Story of Microbes. Bacteriology in 
Relation to lle.-ilth and Indiistrv. 

Group 16. Electricity 

Electricity. Its Development and Countless Applica- 
tions. Electrical Engineering. 

Telegraphs and Telephones. The Instruments and 
How to Operate Them. 

Wireless Transmission. The Main Systems and their 
Methods of Working. 

Group 17. Music 

Old Notation and Tonic Solfa. Tuition in All Instru 
ments. Orchestration. 

Elocution and Sinoino. The Voice and its Treatment, 
Musical Instruments. Their Design and Manufacture. 
Group 18. Manufactures 

Textiles. The Textile Trades from Beginning to End. 

Cotton. Wool. Silk. Hemp. Flax. Jute. Carpets. 
Leather. The Leather iDlustry. Tanning. Boots and 
Shoes. Saddlery. Belting, Gloves. Sundry Leather Goods, 
Glass. Manufacture of All Kinds of Glassi Stained Glass, 
Earthenware. The Craft and Industry of Pottery. 
Paper. Papermaking of All Kinds. 

Rubber. The Source and Preparation of Rubber, and 
Manufacture of Rubber Goods. 

Tobacco. Cultivation and Manufacture. Tobacco Pipes. 
Food Supply. Milling. Hreadmaking. Biscuits and 
Confectionery. Sugar. Condiments. Fruit. Fisheries 
Food Preservation. 

Beverages. Tea. Coflec. Chotolate. Cocoa. Brewing. 

Wines and Ciders. Mineral Waters. 

Basketmakinc. Cork. Wattle. Canf,. Barks Brushes. 

Group 19. Astronomy. GoolcRy- Archseology 
Astronomy. The Universe as We Know It. Milliont.of 
Woilds. A Survey of the Solar System. 

Geology. The Structure of the liarth. Petrology, 
CrystalIograph\ . Pal.eontology. v 
AKeii.«OLOGY. Buried History. The New Story of the 
Old World as Revealed by the Exeav.ilor. 

Group 20. Mechanical Engineering 

Encinrerinc. Applied Mechanics. Workshop Practice. 

.Machine Tools, Machines and Appliances. Cranes. 
Drawing for Coppersmiths, Tinmen, and Boilermakers. 
Group 21. Languages 

LaTI.V. F.NGLISH. FRK.NCIt. CiKKM.XN. Sp,\NIMI. 

Group 22. Dross and Housekeeping 

Drf.ss. Pnnci\)les of Dressmaking. Underclothing, 
Tailoring. Millinery. Hatters. Furs and Feathers 
Housekeeping. Domestic Management. Sen aats and 
their Duties. Cookery. Laundry. 

Group 23. Metals and Minerals 
Metals. Metallurgy. Properties and Characteristics of 
Metals. Iron and Steel. Copper. Tin. Zinc. Preeious Metals. 
Metal Manufactures. Arms and Ainmunition. Cutlery. 

Clocks and Watches. Jewellery. Scientific Instrument-^. 
Minerals. Mineralogy. Properties and Characteristics 
of Minerals. 

Mining. Coal. Gold. Diamonds. Tin. 

Quarrying. The Appliances and Processes of Extracting 
and Preparing Stone. 

Gas. The Process of Manufacture. 

Petroleu.m. Extraction and Refining Processes. 

Group 24. Clerkship 

Accountancy. Complete Training, Bookkeeping. 
Shorthand. Pitman's System, with Latest Improycm^t* 
Iyfewriting. Working and Management o* Ail Macoines 
Group 26. Mathematics 

ArithmeUc. Algebra. Simple Graphs. Euclid. Trigonometry 



THE CHILDREN’S NEWSPAPER 

which will be delivered at any door in the world for Is. 6d. a year 


Do you want your children to grow u[) 
understanding the world about tlu'in ? Do 
you want them to fit themselves into the 
life of their town ? 

Do you want them to understand the 
problems of life as they begin outside their 
home — to know why the policeman stands 
at the corner, why the rate-collector calls, 
why motor-cars must have numbers, why 
vehicles must carry lights, why a dog must 
have a licence, why baby must be registered, 
why this and that and a thousand things 
must be done in your life and theirs ? 

There is a paj )er made for them. 1 1 is the 
very thing they want. To give it to them 

like sowing the seeds of good citizens in 
,/your household. Never before has there 
been such a paper, and it is the only paper 
of its kind in the English language. 

Wlio has not wished for a newspaper 
which published only good things, true 
things, important things ; which would 
wait until the truth is really known before 

The Children's Magaxine 
nnd> Th« LiCtU Paper 


it blaz(\s it out to the world ; \vhich is not 
in such a hurry that its truth gels mixed 
with doubt, and its doubt with falsehood ? 

Well, here is the paper. It has no ad- 
vertisements. It has no politics, ft has no 
crime. It has no room for things that do 
not matter. It has no interminable columns 
of matter that you can never read. 

It is brief and pointed. It looks forward 
to the future of the world and makes a note 
of the things that matter, the things that 
are shaping and making the world in which 
your children arc growing up. It tells 
them, in plain language tltkt they can 
understand, all that they need know of what 
is happening in the world in which you have 
placed them. Do not let your boys and 
girls read trash ; give them the Little Paper. 

It costs you almost Clothing. Buy a copy 
of the Cliildrcn’s Magazine, and the paper is 
given away with it. Or send a penny stamp 
to the Publisher, Fleetway House, London, 
E.C., and a copy will be sent to yoii. 


They are only 
Sevenpeac< 


Printed and publbhed fortnightly by the Proprietors. The Amalgamated Press, Ciniited, The Flectway House. Tarringdon Street, London, E.C. 
Attttimllat Gordon dt Gotch, Melbourne, Sydney, Adelaide, Brisbane, Wellington, N.Z. Africa: Central News Agency, l.td. Cape Towr, 

Johannesburg, etc 




THE GLORIOUS CATHEDRAL OF RHEIMS 



THR UNRIVAT.LED FRONT OF THE COTHTC MASTERPIECE OF FRANCE 
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fiROUP 1-SUCCES$ * THE SECRETS OF A SUCCESSFUL LIFE CHAPTER 9 

The Shortness of Life. Its Present and Future. 

The All-Round Man. Public Interests. The Home. 

THE MANAGEMENT OF LIFE 


The brevity of human life is usually not 
^ realised by men until many of its 
best years have escaped them. A great 
danger to ha})piness in life lies in this 
fact. It is so difficult for a man, especially 
for a young man, to realise that life will 
never offer him hours more valuable than 
those which he is living in anticipation 
of a possible future. Indeed, the most 
valuable of the few years of a man’s life 
are those that lie between childhood and 
his prime, and yet curiously these arc 
apt to be regarded not so much as life 
itself, as years to be lived through in 
expectation of a better time to come. 
It is for this reason that a man will so 
often spend his best years in mere acquisi- 
tion, in building, or, as is so often the case, 
in vain endeavour to build, a fortune 
to l)e enjoyed some day-'-some far-off day. 
If there is great success in this endeavour, 
and the fortune is built up, it is usually 
found valueless by its owner, who finds 
himself past the years in which it could 
bring him the enjoyment he hoped for. 
If there is failure, then the latter years of 
life may be embittered, not only by loss 
of youth and prime, but by loss of the false 
end and aim whose ])ursuit has wasted 
youth and ]')rimc. Thus it is that success 
in life regarded as fortune to be enjoyed 
at some distant future is nothing more 
or less than a mirage. 

The first thing to grasp, then, as a 
condition of making a real success of life 
is to remember that life is here and now, 
and not upon a distant horizon -^nay. 
that it is more here and now than it will 
probably ever be when, after long journey- 
ing, the horizon is reached, atul another 
horizon, bleaker and unkinder, arises 
before the traveller. The horizon of the 
N'oung man is formed by the everlasting 
hills ; the horizon of the middle-aged man 
is a sheer descent. Good it is, therefore, 
most truly and undeniably, for youthful 
eyes to aspire, but let the youth remember 
that the climbing is Life itself, and that 
life is not j)ostponed until the period when 
the hoped-for summit is at last reached. 
We have to count with the brevity of 


life in making our plans of life. Those 
who make the most of their livx;s are those 
who, remembering the short span of human 
existence, seek to live a full and varied 
and healthy and useful life in the jnesent, 
and who, while not forgetting the future 
or failing to make provision for it, 
remember that each year that passes is 
for them a period which will not be lived 
again, and that each present year is 
something that is being consumed both 
for the first and the last lime. 

Life being here and now, the calling or 
profession of a man is most surely the 
greater part of his life. In the better 
ordered world of the future toward which 
we arc slowly steering, joy in work will be 
universal, but in these, the early years of 
the twentieth century, joy in work is un- 
fortunately the perquisite of a few. For 
the great majority work has to be ac- 
complished under such conditions and 
upon such terms of remuneration that 
labour appears as a subtraction from life 
rather than a part of it. The machine- 
made employments and irksome routines, 
the purpose of which is infrequently per- 
ceived by those who perform them, rob 
many men of large parts of their lives by 
making work something not enjoyed but 
endured in order to obtain the nuians of 
living. The means of living when ? In 
the few hours that are left when work is 
done, which alone count as “ life.” 
Under such circumstances life presents 
itself to the observer as fractions of days 
that arc few. Under present conditions 
it is only the minority who attain the three 
.score years and ten of the Psalmist, but 
even for the worker who attains advanced 
years, brief is the span of life when working 
hours arc counted as something less than 
life. We have to endeavour to counter 
the conception that the life of the majority 
of men and women must necessarily be 
sharply divided between an irksome work- 
time and an idle playtime. We must 
have faith that it is possible to restore the 
whole of his life to the worker Iw giving 
him happiness in his work — by winning joy 
in work for every well-intentioned man. 


PERSONALITY, EDUCATION, IDEAS, QUALITIES THAT WIN IN THE WORLD 
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It is misjuclgment of the span and 
plan of lile which so often leads to 
the postponement of marriage, and some- 
times to its unhappy and indefinite 
postponement. Marriage is often relegated 
to some undated year at which success, 
as measured by income, shall have been 
won. Such postponement means the loss 
of the joy of early parenthood. It means 
also the loss of the tremendous happiness 
of watching a great part of the career of 
one’s children, and even of one’s children’s 
children. The man of forty-five, with a 
son of twenty who has had the benefit of 
his wise guidance, has made at least one 
great success in life which he could never 
have won if he had postponed his marriage 
until he was thirty-five. It is true that 
the man marrying, at, say, thirty-five 
years of age may hope, when approaching 
sixty, to possess the happiness of an adult 
son, but he will be past his prime, and 
he will have lost not only a decade of 
parenthood, but much more than that. 

Many young men are tempted to believe 
that marriage and parenthood are ties to 
development and hindrances to success. 
The fact is that the entertaining of such 
a conception of life by any young man is 
proof that he lacks at least some of the 
elements that make for success. The man 
too timid to marry is not likely to possess 
enough courage to confront other and more 
difficult adversaries than the support of a 
family. The present writer well remembers 
sitting at*a ])ublic dinner with a man who 
has won extraordinary success in ])ublic 
life, who himself married early, and who 
in early middle age has several charming 
children. Looking across the banqueting 
tables, the great politician—<i Cabinet 
Minister '--saw a young and rising man 
who has already made a name in his 
profession. “ I like that man,” he said. 
” He had the courage to marry the girl 
he loved while he was poor.” Was it not 
that same clement of courage and of con- 
fidence which gave professional success ? 

We have spoken of the brevity of life. 
There are good signs, however, that man 
is learning how, within certain limits, to 
prolong his life. We have but to look at 
the obituary notices in ” The Times ” 
newspaper, at the beginning of the 
twentieth century, t0 see what a consider- 
able proportion of the well-to-do classes 
die at an advanced age. It is now no un- 
common thing for death to be postj)oncd 
until after Ihe eightieth year. And it is 
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not merely that life is preserved. The 
lengthening of years is of little value if the 
late years of life are a mere exhibition of 
prolonged uselessness. With the prolonga- 
tion of life through careful living, there 
goes the prolongation of faculties. We 
have the acquaintance of many men of 
advanced years, some of whom have served 
in great public offices, who, although over 
seventy-five years of age, hold themselves 
upright, and are not only able to work, 
but eager for work, and who retain the 
greater part of their faculties unimpaired. 
The value of such lives to their owners 
and to the public cannot be exaggerated. 
The man who at seventy-five or eighty 
years of age is able to exercise an intellect 
which is enriched by more than two 
generations of experience, and by long 
participation in affairs, is a senator of his 
kind, whose success in life, presently to be 
rounded with a sleep, is maintained until 
the close. 

Metchnikoff has told us that man can 
learn to prolong his years far beyond what 
is now regarded as their natural span. 
However that may be, it has now been 
clearly proved that the traditional ” three 
score years and ten ” is by no means to be 
regarded as a normal period. The average 
youth can legitimately hope to do better, 
and to live to enjoy a frosty but kindly 
eighty, or even ninety, years. There can 
be no question that the general good of 
mankind would be served by a general 
prolongation of the life of individuals. 
The loss of an experienced life is a very real 
one, and it would have gone hard with 
mankind if the brevity of life had not been 
com]Xjnsate(i for by the making of records 
which enable one generation to pass on its 
acouired knowledge and experience. 

In spite of the great treasures that we 
have written for us in our books, however, 
the world would gain if normal life were 
prolonged for three generations, and if we 
had among us a larger number of healthy, 
vigorous men with an adult experience of 
two generations. If we take the age of 
puberty as the beginning of what oflfe may 
call intelligent outlook upon the world, a 
man of fifty has behind him only a little 
more than a generation of useful experi- 
ence, and at sixty-five only half a century 
of such experience. If a large proportion 
of men lived to be eighty-five, and were as 
useful to the end as some living men we 
know, we could call to our aid the wise 
assistance of many individuals with seventy 
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years of practical knowledge of the world 
to gu'de them and us. As for the indi- 
vidual, it cannot be doubted that the 
possibility of living to see results is a great 
spur to endeavour. “ Not in our time *’ 
is by way of being a depressing thought. 
The young man of twenty-live, w^orking 
and hoping for a great end, will work all 
the more ardently if he has the prospect 
of not leaving the field of his labours until 
his eyes have seen. 

It should be, therefore, part of the 
early aim of the individual to acquire a 
good working stock of health. For- 
tunately, this is becoming a matter ever 
less difficult of achievement. Knowledge 
of the laws of health is becoming more 
widespread, and excess in eating and 
drinking is no longer condoned by sc^cicty. 
As far as the great mass of the joeople are 
concerned, however, much has yet to be 
done by way of rebuilding our towns 
before the full heritage of life can be 
taken up by the million. We have but 
to study the statistics relating to the 
expectation of life as between a rich and 
a poor district to realise how many years 
of life are robbed from the life-span of 
the many. If what we have said as to 
the value of the prolongation of life is 
true, it follow's that it is a national duty 
to demolish the congested districts of our 
cities and to empty our crowded town- 
ships into new and better quarters, 
carefully and thoughtfully constructed 
on the outskirts of our present absurdly 
restricted town areas. 

The healthy enjoyment of life is by 
no means the same thing as success in an 
aim or profession. If a man is to make 
a success of his life in the best sense he 
must seek w'idth of interest and catho- 
licity of taste. It is, of course, impossible 
for the modern man to work professionally 
with success in more than a limited 
sphere. It is j)robably true that it is 
now necessary to specialise if one is to 
do work of real value. Nevertheless, 
specialisation in a particular line of 
endeavour does not forbid a general and 
all-round acquaintanceship with science 
and with affairs. Indeed, it adds to the 
value of the specialist's work if he know'S 
it for what it is — part of the whole field 
of work. 

The cultivation of a wide field of 
interest in life makes a man's days full, 
and banishes the possibility of boredom 
and ^nnui. TJie properly cultivated man 
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is never at a loss for what to do with a 
day or with an hour of leisure. His 
difficulty is rather to choose between 
many excellent alternative methods of 
spending the time. He has so educated 
his natural powers that life offers him 
innumerable matters of interest to give 
him fruitful and varied occupation* There 
are exceptional cases, of course, in which 
a man is inherently incapable of ap- 
preciating music, or line, or colour, but 
in the ordinary case the individual has 
many and varied powers of enjoyment, 
which he owes it to himself to educate 
and develop. 

The normal man should be capable, 
if not of original creative work in draw- 
ing, at least of the power of appreciating 
draw'ing. Equally the normal individual 
should know good literat\ire or music 
from bad, and, to pass from the arts to 
the sciences, the normal man should 
think it shame to be part of a civilisa- 
tion based upon scientific w^ork without 
understanding the methods of that work 
and the elementary principles upon which 
it is founded. The normal man can easily 
know these things, and can understand 
the world which he inhabits. It is not 
making a success of life to accumulate 
w'calth during long years by buying and 
selling at a profit, and at the end of the 
money-making years to be stranded 
useless, without culture or understanding, 
merely to decay upon the heaps of one's 
own accumulations. 

The width of a cultured man’s interest 
should include the domain of public 
affairs. As nations progress that domain 
is ever widening, and the individual, 
therefore, who refrains from cultivating 
a lively interest in public questions will 
find himself shut out of an ever-widen- 
ing sphere of thought and action. The 
“ proper study of mankind is man," and 
he is something less than a man who 
neglects to study men in their collectiv^e 
or public actions. There are those who 
disdain the political world as being at the 
best useless, and at the w^orst corrupt. 
It is surely the duty of those who despise 
existing political methods to show a 
better way, and it is necessary always to 
suspect one’s opinions when they tend 
in the direction of despising the actions 
of men who cannot be wholly unlike 
ourselves. In public affairs the practical 
course has to be taken in some direction 
expressing the greatest common measure 
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of agreement that can be arrived at be- 
tween people who cannot possibly think 
exactly alike. When such a course is 
taken" the man unversed in affairs is 
sometimes tempted to sneer, in forget- 
fulness of the necessity placed upon those 
wlio rule a nation to act in such a way as 
to reconcile conflicting interests and to 
seek the general good without inflicting 
individual hardship. Be that as it may, 
however, no individual life can be full or 
complete which does not take its part 
in working out the public problems of its 
day and generation, or which resigns to 
others all lot and part in helping to shape 
a nation’s destinies. 

The wider the cultivation of the 
faculties, the less need for reliance upon 
what may be called professional amuse- 
ments. The art of successful living, if 
properly studied, should make the home 
a place both interesting and amusing. It 
is unfortunately true that the majority 
of homes are necessarily made in tem- 
porarily rented places in which it is 
difficult for the home-makers to develo]) 
tlie arts of domestic hai)piness. It is only 
the minority of houses which have garden - 
places worth the name, and it is pitiable 
that one of the simplest and best of all 
pleasures should be denied in whole or part 
to so many millions of the sons of Adam. 

It may be laid down as a general 
maxim that the larger the proportion of 
a man’s income spent upon liis home, the 
greater the income of satisfaction he will 
obtain from his spending. Among the 
conceptions which have advanced during 
the last few generations, tliat of the home 
has perhaps fared worst. V('ry many 
things could be nanu'd in which there 
has been most conspicuous improvement 
in the last half-century, as, for example, in 
the production of books and journals, in 
the matiaials and fashioning of dre.ss, 
in the means of locomotion. The house, 
however, has not made the same advance. 
This is partly due to the fact that a house 
is a structure of some permanence, and 
it is only in the new house, rarely built, 
that there is a chance of making much 
real advance. Even new houses, how- 
ever, show little signs of improvement, 
and in many respects, as for example in 
the size of gardens, the new houses are 
worse than the old ones. The rnan, 
therefore, who desires to make the most 
of his life will do well to give special 
attention to Ws home. He will find the 


subject well worth study, and investiga- 
tion will show him that it is po.ssible even 
with a moderate income to do very much 
better in the way of home-making than is 
usually done. It is a matter in which 
the individual must be enterprising and 
resourceful. He must be prepared to 
search widely, to find a suitable situation, 
and to sacrifice some things for a few 
years in order to acquire a satisfactory 
permanent framework for his family life. 
If he cares to do this, he can add an 
clement of success to his years which no 
other form of effort can give him. He can 
make his home and his garden so boautrful 
and attractive, no matter on how small 
a scale the thing is done, as to give; him a 
very real feeling of having a place in tlie 
world. 

# 

The successful honu' is a prime element 
in the successful life, and it can only be 
ail expression of cultured and resourceful 
minds which find within themselves the 
means of hap|)iness. A well-furnished 
home does not mean a home of exist ly 
decoration ; it mt.'ans a home in which 
there are hooks and instruinents and tools 
of recreation or .s{)ort or amusement which 
are in constant use and yielding an ever- 
increasing dividend to their owners. 

It is impossible to consider the all- 
important relation of the home to success 
in life without being constantly reminded 
of the lamentable fact that the great 
majority of the people of the rnited 
Kingdom are badly housed. The majority, 
we repeat, have no definite home-place. 
There are districts in the capital where 
a Parliamentary representative, at the 
end of a l^arliament, finds new faces 
in a very large proptuiion of the houses 
of many poor streets which he “ repre- 
sents.” It seems very much like mocking 
millions of people to speak of making a 
success of home life. That reminds us 
that the happiness of a nation can only 
be the sum of the happiness of its families. 
We have much to repair in our social 
fabric before we can boast that we have 
made decent life po.ssible for mg^e than 
a minority of our people. It is not that 
a big or a rich home is necessary to success 
and happiness, but it is that a home, 
whether large or small, should have 
sufficient i)eauty and comfort, internally 
and externally, and sufficient continuity 
and permanence, to enable the finer 
virtues to take root and thrive. 

U G. CHiOZZA MONEY 
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A long the Scottish Border arc the 
Cheviot Hills, the link between the 
Southern Uplands of Scotland and the 
Northern Uplands of England. Their 
rounded summits rise to 2500 ft. I'o the 
south is the Eden Valley, with Carlisle, the 
centre of an agricultural district, con- 
trolling all routes north and south. The 
Shap l\ass, about 1000 ft., leads from the 
Eden to the Lime basin and the plain of 
Lancashire. I'lie Eden and I.une valleys 
almost separate the Cumbrian mountains 
of Cumberland and Westmorland from 
the Pennines pro])er, the Shap Fells 
uniting the two in the centre, d'he Lake 
District is a district of bare mountains, 
often with terril)le precipices, and long 
valleys 111 led 1 )y 1 K'a u t i ful 1 a kes . 1 n mimer- 
able streams, fed by the constant heavy 
rains from the Atlantic, course down the 
mountain sides, leaping from crag to crag 
in tlie waterfalls for which the district 
is famous. Skiddaw, rising above Lake 
Derwentwater, Scafcll, above Wastwater, 
and Helvellyn, near Ullswatcr, the grand- 
est of the lakes, are all over 3000 ft. high. 
1'he climate is too wet and cold and the 
soil too scanty for agriculture, but there 
is much sheep-farming. Summer brings 
thousands of tourists, who congregate at 
Keswick, on Derwentwater, and at Amble- 
side, by Windermere, the largest of the 
lakes. Kendal, once famous for its woollens, 
manufactures friezes, procuring its coal 
by canal from the Lancashire coalfield. 

The Pennines run from the Scottish 
l^order far into Derbyshire, with lowlands 
on either side extending to the sea. They 
arc separated from the Cheviots by the 
Tyne Valley in the north, and are divided 
into two masses by the Aire Valley in the 
centre. The scenery varies with the 
character of the rocks, and is most i)ic- 
turesque in the limestone. Much of the 
i^ennines consists of liill pastures, di- 
versified by heather moors, and mosses or 
bogs. The highest points — Cro.ss Fell, 
Bow Fell, Whernside, and Ingleborough — 
all north of the Aire, are between 2000 and 
3000 ft. The picturesque Peak District 
of Derbyshire to the south is just over 


2000 ft. Here the rock is limestone 
mixed with millstone grit, a name which 
explains itself. The edges form wild, 
craggy cliffs, with deep river gorges 
winding far back into the heart of the 
plateau. The upiier surface is covered 
with a considerable thickness of peat, 
through which bosses of grit project, which 
have been w'orn into wild and fantastic 
forms. In the limestone districts of the 
Peak are immense caves, numerous under- 
ground rivers, and steep-walled dales, like 
Miller’s Dale, near Buxton. Mineral 
springs occur at Buxton and Matlock in 
the Peak, at Harrogate and llkley in 
Yorkshire, and elsewhere in the Pennines. 

On either side of these lonely uplands are 
bus3' industrial regions, darkened by day 
by the smoke of mill chimneys, and lit up 
at niglit by the glare of blast furnaces, 
all fed by the coal which abounds on both 
flanks of the Pennines. The iron industry 
in all its many l)ranches, including ship- 
building on the coast, is very general. 
Cotton, brought across the Atlantic to 
Liverpool, and, since the cutting of the 
vShipf'anal. to Manchester, is manufactured 
on the South Lancashire coallield. In the 
Yorkshire valleys opening from the eastern 
Pennint's woollen manufacture is important. 

'fhe Cumberland coalfu^ld extends along 
the sea from Maryport to Whitehaven, 
the workings round Workington being 
carried under the sea. To the south, in 
the rugged Furness district of North 
Lancasliire, on the margin of the 1 -ake 
District, the abundance of red hamatite 
iron has created the town of Barrow, 
which, 50 years ago, before the invention 
of the Bessemer process, was a fishing 
village. Among its many iron industries 
arc smelting, shipbuilding, and the manu- 
facture of ordnance, .some works being on 
Walney Island, off the coast. Barrow is 
a busy port, and has steamer service's to 
Irish Sea ports. 

Lancashire is flat and sandy along the 
coast, but rises to over 2000 ft. in the north 
and east. Excejit on the coallield, which 
covers 400 sq. miles between the Kibble 
and the Mersey, it is pastoral in the 
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uplands, and agricultural in the lowlands, raising 
potatoes and oats. Lancaster, the county town, 
IS hampered as a port by the silting of the Lune 
estuary. Heysham and Fleetwood, on the 
shallow IVIorecambo Bay, are ports and packet 
stations. Blackpool and Southport, north and 
south of the Kibble estuary, are crow'ded seaside 
places. At the head of the Kibble estuary is 
Preston, with important docks, engineering 
works, and cotton mills. Its frequent horse and 
cattle sales indicate its position on the margin 
of the agricultural region. 

Crowded on the coalfield to the south, and 
engaged in manufacturing cotton or iron 
(machinery, railway plant, and the like), or both, 
are Clitheroe, Burnley, Blackburn, Bury, Bolton, 
Oldham, Warrington, and Manchester, with 
Stockport and Stalybridge over the Cheshire 
border. St. Helens makes chemicals. Man- 
chester, the industrial capital of Northern Eng- 
land, is less a manufacturing centre than a 
market. Its rival is Liverpool, with Birken- 
head, near the mouth of the Mersey estuary, the 
focus of Transatlantic trade and passenger traffic 
Both the Liverpool and Birkenhead sides of the 
estuary are lined with docks and warehouses, 
which receive not only cotton, but grain, tobacco, 
leather, live and dead meat, and whatever the 
Atlantic coasts of the Now World have to send, 
and produce from other parts of the world. 

The Cheshire Plain and North 
Staffordshire Coalfield. The Cho.shire 
plain, an exten don of the Central English plain, 
opens a way between the Pennincs and the Welsh 
mountains. Except on their margin, it is an 
undulating meadow region, noted for cattle and 
dairy produce, including Cheshire cheese. Coal 
crops out in the east on the Peak margin, 
wdicrc silk and cotton arc manufactured round 
Macclesfield. Rook salt is worked round North- 
wich, Nantwich, and elsewhere. Coal becomes 
more abundant in North Stafiordshire, w here it 
supplies the five Pottery towns now' incorporated 
as one city — Stoke-on-Trent. 

Northumberland-Durham Coalfield. 
Both Northumberland and Durham are rugged 
in the west, where Cheviot sheep and Durham 
cattle are brt^d. In the valleys opening to the 
lowlands, barley, wheat, beans, turnips, and 
potatoes are grown in the rich clayey loam. 
Fishing towns and ports for coasting traffic 
dot the coast. The chief river is the Tyne, with 
two head streams. North Tyne from the Cheviots, 
arid -Tyne, which has cut a valley across 
the Pennines, followed by the line from New- 
castle to Carlisle. At its estuary are the Tyne 
ports, Newcastle, Tynemouth, Jarrow, and 
South Shields, the outlet for the manufactures of 
the rich coalfield. Those include iron in all 
branches, hemp and wire rope, glass, chemicals, 
and pottery. Much coal is exported. New- 
castle, with Gateshead on the opposite bank, is 
engaged in all these industries. At Elswick, 
a suburb, are the Armstrong ordnance works, 
where the most powerful guns are made. Sunder- 
land and the Tees ports, Tftockton and Middles- 
brough, are similany engaged ip working up thp 
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iron which abounds in the Cleveland Hills of 
North Yorkshire. The combination of cheap 
coal and iron is rapidly attracting shipbuilding 
away from the Thames, where freight makes 
both costly, and concentrating the industry on 
the Tyne and Toes. Darlington manufactures 
woollens and carpets, as well as iron and steel. 
In striking contrast to those smoky industrial 
towns is Durham, on a height above the Wear, 
with a glorious cathedral and old-world streets. 

The York, Derby, and Nottingham 
Coal field • The eastern slopes of the Pennincs 
are drained by a series of parallel rivers. Swale, 
Ure, Nidd, Wharf e, Aire, and Calder, whoso 
valleys gradually widen from narrow dales of wild 
beauty to broad and fertile lowlands. In these 
valleys, as in the Tweed basin, where the con- 
ditions are similar, the w'oollcn manufacture has 
long been important. The wool was supplied by 
the hill pastures above, and the river was there to 
turn the mills. Now, especially in the Aire and 
Calder valleys, water power is replaced by 
steam. The Yorkshire coalfield, between the 
Aire and the Don, covers an area of forty- five 
miles by twenty. The chief w'oollcn towns are 
Keighley, Leeds, Bradford, Huddersfield, Halifax, 
and Dewsbury. Linens are made at Leeds and 
Barnsley. Cutloiy, electro-plate, armour, guns, 
and hardware are made at Sheffield, near the 
borders of Derby and Nottingham. In these 
counties, both rich in coal, the Pennine land- 
scape gradually gives place to that of the plain. 
On the Derbyshire field collieries disfigure many 
a lovely valley. Silk is manufactured in Derby, 
and browing is important at Burton. On the 
Nottingham field the manufactures are lace and 
hosiery, carried on at Nottingham, on the Trent. 

The Vale of York. The nvers named 
above unite to form the Ouse, the main stream 
of which flows across the rich Vale of York 
parallel to the base of the Pennines. From the 
east comes the Derwent, flowing between the 
Yorkshire moors, rich in iron, and the Yorkshire 
wolds. The Vale is very fertile, and both agri- 
culture and dairy farming are important. It 
is dotted with prosperous market towns. York, 
on the Ouse, wdth remains of the Roman city 
and a magnificimt cathedral, is the focus of the 
district, and the seat of an archbishopric. In the 
rugged oast, the towms are found along the coast, 
which, as far as Flamborough Hoad, is high and 
picturesque, ' and dotted with seaside resorts, 
of which Whitby and Scarborough and Brid- 
lington are the most popular. South of Flam- 
borough Head the low district of Holderncss 
grows fine crops of wheat, beans, and hay, while 
barley and turnips do better on the woIAb. 

On the Humber, the broad estuary of the 
Yorkshire Ouse and the Trent, are Goole, Hull, 
and Grimsby (in Lincolnshire), busy ports. Hull, 
besides an enormous trade by sea, builds ships 
and carries on a largo number of flourishing 
industries. The proximity of the Dogger Bank 
makes the fisheries important all along the coast. 
Hull and Grimsby are the chief centres. 

From them fish-trains run to the inland towns. 
Hull, Grimsby, and Gpolo trgde chiefly with tfee 
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North Sea and Baltic ports, exporting coal, 
woollens from Yorkshire, cotton from Lan- 
cashire, and even raw cotton and rubber bought 
from American or African ports to Liverpool 
for towns on Baltic or North Sea shores of the 
Continent. Of the imports, note butter, from 
the meadows of Denmark and Holland, and 
timber, from Scandinavia and the Baltic. The 
trade of these ports is thus an instructive 
comnientary on its geographical position. The 
reader should similarly endeavour to think out 
for himself the actual or possible relations of 
his own district to the larger world without. 

The English Plain. We now pass from 
the uplands to the lowlands of England. In 
the north they are cloven by the Pennines into the 
Lancashire and Cheshire plain in the west, and 
the plain of Yorkshire on the cast. South of 
the Pennines they extend from the base of the 
western mountains to the North Sea, broken by 
occasional lines of heights. Here the population 
is concentrated, densely on the coalfields, more 
sparsely in the agricultural districts. The plain, 
outside the coalfields, is dotted with numerous 
towns, many very ancient, sometimes with 
manufactures of some importance, but always 
the focus of the traffic, trade, and political iSe 
of the surrounding district. Before the days of 
railways, many, like Birmingham, Coventry, and 
Norwich, had a very intense local life, and a 
highly intellectual society. Now* London at- 
racts the best elements, and provincial life is 
corit^spondingly modified. 

The Lincolnshire Fenlands. Lincoln- 
shire occupies the angle between the Humber 
and the Wash. Much of it is a low plain, 
largely comjjosed of fcnland. Many canals and 
dykes have been cut to drain it, and along the 
sea it is often embanked to keep the sea out. In 
the centre the chalk, which covers much of 
southern England, crops out in the Lincolnshire 
wolds, rounded hills with sheep pastures, and 
farther west in the ridge of Lincoln Edge. 
Famous breeds of horses and cattle are kept 
in the rich, moist, low^-lying meadows. Coni 
is largely grown. 

Some Typical Towns. Lincoln, the 
county town, an ancient city with a fine 
cathedral, is built on a height, where the 
Witham cuts through the Lincoln Edge and 
becomes navigable. Its industries illustrate the 
relation of such a town to the district around. 
Its ironworks and manufactures of farming 
implements and machinery show how the needs 
of a farming country create local industries to 
supply them. Its steam flour-mills and breweries 
show how a^icultural produce is locally worked 
up. In spring, a horse and cattle fair lasts 
several days, and there are frequent corn, wool, 
and stock markets. This illustrates the distribu- 
tiiw centre. 

The Foss Dyke, from the Witham, near 
Lincoln, to the Trent, connects the counties of 
the Trent basin with Boston, on the Wash, at the 
mouth of the Witham, a fishing port, exporting 
grain, and manufacturing sailcloth, leather, and 
ropes. Such industries, as well as boat-building, 


are found in almost every coast town. Fishing 
is important all along the coast. 

A sub-port of Grimsby, collecting its exports 
and distributing its imports, is Gainsborough, on 
the Trent, an inland town on the map, but 
really built where the river is still tidal. Here 
Baltic timber is stored in timber-yards, or 
sawn in saw-mills, while other commodities are 
shifted from steamer to barge, or vice versa, for 
the Trent is one of the great arteries of eastern 
England. It rises in the western Pennines, and 
flows round their base, receiving many tribu- 
taries, of which those from the Peak come down 
in lovely parallel dales and valleys. It is 
navigable as far as Burton, the famous brewing 
town, in the very heart of England, which is 
thus, by means of the Trent and the canals 
connected with it, brought into direct commu- 
nication with the sea. 

The Midlands. Under this term wo may 
include the shires of Northampton, Rutland, 
Huntingdon, Bedford, and Cambridge — drained 
to the Wash — Leicester and Stafford in the 
Trent basin, and Warwick in the Severn basin, 
the two latter containing the Midland coalfield. 
The east is the richest agricultural district of 
England. Of the rest, much is in grass, form- 
ing ideal hunting country, hunt^'d by many 
famous packs. It is separated from the Thames 
basin by the Cotswold and (ffiiltern Hills, with 
lower heights between. In the cast, the Welland, 
flowing past Stamford, the Nen, past the 
cathedral city of Pc'terborough, and the Great 
Ouse, past Bedford, St. Ives, and the cathedral 
tomi of Ely, all rising at no great elevation, 
flow sluggishly to the Wash. Much of their 
basins consists of marsh and fen land, reclaimed 
at great expense by cutting innumerable canals 
and trenches, or dykes, and forming a rich, black 
mould of great fertility. 

The so-called Isle of Ely, consisting of some- 
what higher ground, was anciently entirely cut 
off by marshes, whence its name. It is now the 
centre of a fruit and vegetable growing district, 
with jam factories. Cambridge, on a tributary 
of the Ouse, is a university city with fine 
mediaival architecture. The basin of the Ouso 
contains some of the finest agricultural land in 
England, and wheat and other cereals are largely 
grown. Associated industries are straw -i>laiting 
(Luton and Dunstable, in Bedfordshire), and 
browing, which is very widely distributed. 
Dairy farming is almost as important. iStiltoii 
cheese is made near Melton Mowbray, in 
Iwcicostershire, and other associated industries 
are the fattening of cattle for the London market, 
and the boot and shoe industry of Northampton, 
Leicester, and Kettering. The very fine, long 
staple wool of the I^icostcr sheep makes hosiery 
an important manufacture at Leicester. 

Shakespeare’s Country. Outside 
the coal area, Warwickshire has the same 
character. The county tov'Ti is Warwick, with 
a famous castle on the Avon, near Leamington, 
with mineral springs, the ruined castle of 
Kenilworth, and Stratford, the birthplace of 
our national poet. As Shakespeare’s country, 
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it attracts many tourists. The motor and cycle 
trade is important at Coventry. These counties, 
with their park-liko landscape, golden wheat- 
fields, rich meadows, and ancient, somewhat 
sleepy towns, seem little changed by the coming 
of steam, and recall an England w'hich has else- 
where largely disappeared. 

The Midland Coalf'eM. Very different 
is the scene on the coalfields of North Warwick- 
shire? and h-outh Stafiordshire. Vegetation is 
blasted, and a pall of smoke overhangs squalid 
towns of mean houses, little redeemed by the 
fine administrative buildings and the luxurious 
vilhis of the west end — the fashionable, because, 
with our prevailing west winds, the least smoky 
quarter. Though known under dilTeront names, 
the various collieries all form i)art of one extensive 
field. Iron is everywhere abundant, and so is 
the limestone required as a flux. Iron smelting 
and the iron manufacture in all its countless 
forms are carried on in a ring of iron towns 
rapidly growing into one unsightly whole — 
Birmingham, West Bromwich, Smethwick, 
Wednesbury, Walsall, Wolverhampton, Bilston, 
Tipton, Dudley, and others — forming what is 
fitly called the ifia(?k Country. 

East A n)!l ia • East of the Midlands are the 
maritime counties of Noi'folk and Sutiolk, once 
I)art of East Anglia, w'ith which wo may include 
Essex outside the motropolit-an area. All are, 
for the most part, flat, esjjccially beside the sea, 
which encroaches on the land. Bound the shallow 
Wash thousands of acres have been reclaimed. 
Beyond the Feu district, on the east coast of 
Norfolk, are the Broads, a region of shallow 
lakes and reedy marshes, teeming with wildfowl. 
Many rivers, rising in low heights to tlie west, 
flow east, opening to an estuary, with a port at 
the head, or mouth. Such are, among others, the 
Yare, with Yarmouth ; the Orwell, w ith Ipswich ; 
the Stour, with Harwich, the packet station for 
the Rhine and Elbe ports; the Colne, with 
Colchester. Similar in type, but called to a 
greater destiny, is the Thames, with London, 
the whole region is engaged in (1) agriculture, 
growing cereals and other crops, especially a fine 
malting barley; (2) grazing famous breeds of 
horses ; (3) fishing, with it s accompanying in- 
dustries ; and (4) the tourist industry, which is 
important all round the coast. The centres of 
the herring fishery are Yarmouth and the artificial 
port of Lowestoft. Of inland towns, note the 
cathedral city of Norw ich, on a tributary of the 
Yaro ; and Chelmsford, on the Chelmer. 

The Th mes Ba<in. The Cotswmld 
Hills, with lower heights to the north-east, 
Boparato the Thames from the Iblevern biisin. 
They rise steeply from the western plain, 
exposing their bare limestone ribs, topped by 
short, diy pastures on which sheep are kept, and 
slope gradually to the south-west. The main 
stream of the Thames rises near Cheltenham, and 
receives the Cotswold streams, Windrush and 
Evenlode, from hilly pastoral districts, with 
small towns engaged in manufacturing the wool 
and skins they produce. Thus, gloves are made 
at Woodstock, and blankets at Witney, on the 
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Windrush. Oxford is built where the Oherwell 
comes in, having risen in the Northamptonshire 
heights, and flowed almost due south. It is 
a famous university city of groat antiquity 
and beauty. 

Beyond its confluence with the Thame, a few 
mik?s below Oxford, the Thames cuts through 
the chalk, separating the Chiltem Hills on the 
north-east from Marlborough, or White Horse 
Downs, on the west. At Reading it receives the 
Rennet, which flows in a valley between the 
chalk heights of Wiltshire and Berkshire. 
After passing near Windsor, with its famous 
Royal castle, the Thames receives tributaries 
from the Chilterns to the north. Flowing north- 
ward across the North Dow^ns to the soutli, come 
the Wey, Mole, and Medway, forming gaps 
through these heights, which are used by the rail- 
w^ays to the South Coast. In the picturesque low'er 
reaches, Hampton Court, Richmond, and Kew aro 
names familiar to Londoners. The houses grow 
more numerous, and the river widens, until at 
London Bridge it is nearly 800 feet wide. 

London. Loudon, like Oxford or Ely, was 
built originally among defensive marshes, on 
high<?r, firmer ground, and, like Glasgow, at 
the lowest point at wdiich the river could be 
bridged. A little above it grew up the city of 
Westminster, round a mucjh-used ford. The 
two are now continuous, but have separate 
adniinistrativo bodies. To describe London 
would require many pages. Its claims to rank as 
a beautiful city arc based on (1) St. Paul’s, in tho 
City of London, rising above the Thames, not 
far from the Tower, an ancient fortress and 
former Royal residence ; (2) the group of 

buildings fronting the river at AVcslminstor, 
including the ancient Abbey and the Houses of 
Parliament, to which is now being added the 
palatial home of the County Council on tho 
opposite bank; (3) a few lino streets opening 
west from Trafalgar Square, considered one of tho 
finest sites in Europe ; (4) tho group of Royal 
})arks in the fashionable West End. Beyond lies 
a wilderness of mean streets, extending miles 
in all directions. Beyond these, again, on north, 
west, and south, are ploa.sant suburbs. London 
is one of tho great ports and markets of the 
world, and one of its chief financial centres. 
It is also the centre of national and imperial 
government, and tho heart of our empire. 

The Thamf^s Estuary. In central Lon- 
don, the banks of the river are embanked and 
planted with trees, forming pleasant promenades. 
East of these come wharves, warehouses, docks, 
and tho factories engaged in the many industries 
of a great seaport. Woolwich, on tho right bank 
of the estuary, w here the river is nearly twice as 
broad as at London Bridge, has an immense 
arsenal. Gravesend is a busy river port. Queen- 
borough, on Sheppey, once an island, is a packet 
station for the Rhino ports. Shoeburynoss, on 
the opposite bank, is a station for artillery 
practice. Shocmess, on Sheppey, strongly forti- 
fied, has barracks, dockyards, and arsenals. 
Chatham, at the mouth of the Medway, forming 
with tho cathedral city of Rochester a single town^ 
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is tho naval argcnal There are many cement 
and brick works in the neighbourhood. Farther 
east are numerous seaside resorts, Whitstable, 
with oyster fisheries, Heme Bay, Margate, and 
Ramsgate. Beyond Ramsgate, tho chalk cliffs 
continue intermittently round tho South Coast 
as far as Lyme Regis, on the borders of Dorset 
and Devon. 

The Channel Counties. Nearly all the 
towns just named are in Kent, often called tho 
Garden of England. The Weald, formerly 
covered M'ith forests between the North and 
South Downs, is very fertile. Cereals, fruit, and 
hops are grown. On the North Downs fine sheep 
arc bred. Towns are numerous, both inland and 
on the coast. Maidstone, on tho Medway, in 
the centre of the hop district, has important 
breweries. Cantcrbuiy, on the Stour, with a 
magnificent cathedral, is the ecclesiastical capital 
of England and seat of tho chief archbishopric. 
On the coast are the ports of Deal, Dover (an 
important naval centre), and Folkestone, the tw'o 
latter Channel packet stations. Surrey, drained 
to the Thames by the Wey and Mole, which have 
cut gaps across tho North Downs, has fine pine- 
wood scenery. 

Sussex is drained 
to the Channel 
by short rivers 
cutting through 
the South Downs. 

Townsarenumor- 
ous, especially on 
the coast. Notice 
Hastings, East- 
bourne, the 
packet station 
of Newhaven, 

Brighton, and 
Worthing. Chi- 
chester, a cathe- 
dral city, is con- 
nected with tho coast by a short canal. 
Hampshire, also a chalk county, is drained 
to the Channel by rivers flowing south from 
the Downs in the north. Note the indented 
coast, giving many good and two magnificent 
harbours. 

Portsmouth Harbour has an entrance miles 
wide, and is our chief naval base in t he Channel. 
It is very strongly fortified. Portsmouth is tho 
garrison town, Portsca the naval dockyard, 
Landport the artisan quarter, and Southsea a 
watering place. On the opposite side of the 
harbour is Gosport. Portsmouth commands the 
entrance to Spithead, which, with the Solent, 
separates tho mainland from the garden Isle of 
Wight, with tho inland capital of Newport, and 
many summer resorts round the coast, including 
the yachting centre of Cowes. Both those straits 
open to Southampton Water, the Ttchin estuary, 
with the great port of Southampton at its head. 
This is the packet station for most of our colonies 
and for the ports of the Indian, Pacifio, and 
Atlantic Oceans. Tho largest liners afloat can 
enter and leave at all states of tho tide. Boiime- 
with pine woo^s, Is .a vesopt, 


Inland, the chief town is Winchester, on tho 
Itchin, witli an ancient cathedral. It was 
originally the capital of England. 

Dorset and WiDshire. Dorset and Wilt- 
shire form tho south-wostom extremity of tho 
chalk heights which cross tho English lowlands. 
The rivers flow south, cutting gaps through the 
chalk heights. At most of these, towns are 
built, some, like the cathedral city of Salisbury, 
of groat antiquity. These heights are known 
under many nanu's, as, for (example, Salisbury 
Plain, a moorland district on whi('h is Stonehenge, 
an ancient stone circle. Grazing and dairy 
farming are important in tho valleys, both 
Dorset and Wiltshire butter and bacon being 
famous. The shecq) fed on t he hill pastures sup- 
ply wool to the woolk'n manufaeturers of Trow- 
bridge, Bradford, and other towns, carried on 
with coal from the Bi'itish coalticlds. Fishing and 
seaside (owns line tho coast, the most fashionable 
being Weymouth. 

The West Country. Somerset is a tran- 
sition county, resembling the Severn basin in the 
north, and in the Exmoor district passing into 
the scenery of Devon and Cornwall. It is a hilly 

county, with 
vales opening to 
the sea, the most 
fertile being tho 
Vale of Taunton, 
famous for hops, 
fruit, and fine 
wheal. Bath is 
built on the gorge 
of tho Avon, 
where oxcellont 
stone is quarried. 
Bristol, at tho 
head of tho Avon 
estuary, has long 
been a famous 
port. Early in our 
history it exported tho wool of the surrounding 
sheep-fanning counties, and supplied much of 
('atholic Europe with fish. The discovery of 
America increased its importance, and it now 
trades with every part of tho world, especially 
across tho Atlantic. Among its many manu- 
facture.s are tobacco, cacao, sugar refining, boots, 
all depending on its imports. Shipbuilding, 
engineering works, chemical works, and soap and 
glass making are among its other industries. 

Devon and Cornwall. Devon and Corn- 
wall are maritime counties. Much of the 
interior is high, bleak moorland, forming tho 
highlands of Dartmoor (1700 ft.), with hardy 
breeds of ponies, sheep, and cattle ; Exmoor, 
where deer are still semi- wild ; and Bodmin 
Moor. Round those centres woollen to\nis tend 
to grow up, as at Axminstcr, in South Devon, 
where carpets are made. Honitori, not far off, 
makes lace. In the steep-sided valleys Opening 
from tho highlands tho rod earth is very ffjrfile. 
Dairy farms and orchards supply Devonshire 
cream and Devonshire cider. The rivers enter 
the sea by picturesque winding estuaries, each 
wit^ Its ^hing town. Notice Barnstaple in 

1075 



THE ESTUARY OF THE THAMES 



GROUP 2 GEOGRAPHY 

North Devon ; and in South Devon, Axmouth, 
Siclniouth. Exmoiith on the Kxe, with the 
cathedral city of Exeter, the capital of the West 
Country, higiier up the river ; Teignmouth, Dart- 
mouth, and especially l%niouth, built where the 
Tamar estuary forms riymouth Sound. With 
Stonehouse and Devonport, Plymouth ranks next 
to Ports riiouth as a naval station, and rivals 
Southam})ton in its world-wide communications. 

(^ornwall j)rosper8 mainly by its fisheries and its 
tourist traffic. The tin and copper mines famous 
in antiquity still yield a little, and radium is got 
from pitchblende, 'i’he towns are chiefly on the 
coast. Falmouth harbour, with Falmouth at the 
mouth and Truro at the head, recalls Plymouth 
Sound. lYnzanco and vSt. Ives lie in the extreme 
south-west. The 8cilly Isles, 150 in number, 
but few inhabited, engage in fishing and in 
growing early vegetabk^s and fruit.. 

The Severn Basin. The vSevern rises in a 
small lake on Plynlirnmon, in the heart of the 
Welsh highlands, whoso shecq) pastun^s feed the 
woollen towns, Newtown and Welshpool. Shrews- 
bury, commanding th(^ route across (licshire into 
North Wales, had one of the many castles built 
along the Wc'lsh Jlordcr, or March, of w'hich 
Ludlow, Monmouth, and Chepstow may also be 
mentioned. The Sevt'rn flows through a pi(^- 
turesque district, betw(H*n the Shropshire and 
Stafford h(‘ights, w'hcro coal and iron are worked 
in (\)albrookda.le, and some wool is manu- 
factured, as at Kidd(‘rminstcr, and then enters 
a broad vah5 between the Malvern Hills and the 
Forest of Dean on the west, and the steep Cots- 
wolds on th(^ (‘ast. On the right bank pieturcscpie 
tributaries descend from the Welsh highlands. 
The Tome flows past J^udlow, and entcTS the 
Severn not far below th<‘ cathedral <}ity of Wor- 
cester, with famous poreelain works. The Wye, 
from Plynliinmoii, rivalling the Rhine in beauty, 
flows by the cathedral city of Hereford, in a hop 
and onjhard country ; Monmouth, Tintern, and 
Chepstow to t he Severn estuary, which the Csk, 
with Newport as its port, also enters. On the 
loft bank sluggish streams cross the central 
plain from low heights which separate the 
Sev(Tii hasin from those of the Trent and tlu' 
Wash rivers. 'I’he Avon, the largest., flows by 
Warwick and Fvesham, in a rich orchard 
country, to the S(*v(Tn at Tewkesbury. Wool is 
manufaeiuretl in Stroud and other Cotswold 
towns with coal from the Forest of Dean, which 
also supplies Worcester. (Cheltenham has mineral 
springs and famous schools. Oloucester, at the 
head of tidal navigation, with a fine cathedral, 
is a port. The Severn Bridge, nearly a mile long, 
crosses the estuary at Sharpness, and further 
south a tunnel, 4J mih's long, carries tho lines 
for Wales below the bed of the river. 

The Land of Mountain and Song. 
Much of Wales consists of mountains, many 
over 2(X)0 feet high, with the longer slope and 
longer rivers to tho east, and the short slope and 
shorter rivers to the west. North Wales is 
higher, bleaker, and more thinly peopled than 
South Wales, where the lowlands are more 
extensive, and coal and iron a^e Abundanjb. 
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North Wales. North Wales consists of 
tho counties of Anglesey, Carnarvon, Denbigh, 
Flint, Merioneth, and Montgomery, nearly all 
rugged. In the north-west Snowdon rises to 
over 3500 ft., with magnificent precipice, lake, 
and valley scenery. The (bnway valley, with 
Conway, and the fertile^ Vale of (^Iwyd, with 
Rhyl, open to the northern lowland. Between 
the two is Llandudno, crowded with visitors in 
summer. The lowland is broadest in the island 
of Anglesey, separated from tho mainland by 
Menai Strait, crossed by a tubular bridge, with 
Bangor and Beaumaris on opposite sides of 
the strait. Holyhead, situated on Holy Island, 
W'est of Anglesey, is the mail-packet station 
for Ireland. 

An important break in tho mountains of 
North VV^al(*s is made by the Dee, which rises at 
just under 3(KX) f(. near Bala Lake, tho largest 
in Wales. It opens to the Flint lowland, with 
the collieries of Kuabon and Wrexham, and 
leads to the English border at Chester, not far 
from the head of the estuary, whicdi (commands the 
route to the English plain, aiul has been important 
since Botnan time's. Its ancient streejts, wdth their 
(covered arcades, and its mediicval walls and 
towers, ])reserve for ns a typical Old English city. 

The West Coast. Here w o tind the familiar 
oeeupations of fishing and catering for summer 
tourists carried on by Ab(uystwitli and many 
other towns, each at the mouth of a pictun\sqtie 
valley o]>ening to the sea. Th(‘ same type con- 
tinues along the South Wales coast. Summer 
brings prospei ity, t he w inter usually pri vatioii and 
much loss of life in tho south -westerly gales. 

South Wales. South Wales consists of (Car- 
digan, P(un broke, Carmarthen, Glamorgan, Breck- 
nock, and Radnor. Tho highest ])a.rts are in 
Cardigan, where Plynlirnmon se[)aratos the Severn 
and Wye from the rivers flowing east and south, 
and in Radnor and Brecknock, where the moun- 
tains rise to over 2(KM) ft. On tlu^ west coast an', 
Cardigan, at the mout h of the 3Vifi valley, and 
Fisliguard, the paeke^t station for Rosslare, in 
Ireland, and a calling place for Atlantic liners. 

A broad lowland fringes tho south coast, tn^e- 
less in the west, w'hore it fronts the Atlantic 
gales, but rich and fertile in the Vale of Gla- 
morgan. The coast is deeply imt into bays, tho 
finest harbour b<nng Milford Haven, on which 
is Pembroke, with dockyards. Tenby is a noted 
watering-place. Long, ])arallel valleys descend t ;0 
the coast of the Bristol Channel ; tho Taw^e, 
writh Swansea ; the Neath, with Neath ; tho 
Talf, with Cardiff, and others. In the west 
sheep-farming is the chief occupation, but in 
Glamorgan the valleys are alive witlf' colliery 
and furnace. Tho South Wales coal is specially 
good for smelting and for steam coal, and 
immense quantities are exported, much for 
naval purposes, from Llanelly, Swansea, Cardiff, 
Barry, and smaller ports. Iron is abundant, 
but of poor quality, and the great ironworks of 
Merthyr Tydvil, and tho copper-works of Swan- 
sea, are largely fed by imported ore brought to 
the ports at tho valley mouths. 

A. J. AND F. p. HERBJEBXSON 
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Characteristic Features of the Gothic Ideals 
and the Buildings In ^hich They are Seen 

GOTHIC ARCHITECTURE 


'^HE term Gothic ” as applied to art 
* does not signify a style introduced 
by the (xoths, but was first used by the 
Italians of the Renaissance more or less as 
an opprobrium, as a synonym of “ bar- 
barous/’ with reference to the artistic 
style of the despised Northern nations at 
a time when all true culture was thought 
to be necessarily founded on the anticiue. 

Just as the round arch is typical of 
tlie Romanesque, so the ]Tointed arch is 
the characteristic feature of the Gothic 
style of architecture. Yet it is at times 
dirficult to draw the line which separates 
the one from the other, as the pointed 
arch was not entirely unknown in Roman- 
esque architecture, especially in the regions 
whi('h were in direct touch with the Sara- 
('('nic race. Moreiner, the transition from 
the one to the other was gradual, and 
many twelfth-century churches show ele- 
ments of both styles. The pointed arch 
was at one time belie\ed to be the inven- 
tion of the Northern mind, but there is no 
doubt now that the ])rinciplc was derived 
from Saracenic sources, though the full 
development of its possibilities must be 
[)ut to the credit of the builders of medi- 
.eval France, luigland, and (Germany. 
In the Orient the pointed arch had been 
used as a jdayful ornament to relieve the 
monotony of bare walls. Tn the North it 
was developed into a new architectural 
system, which, through the subordination 
of the allied arts to architecture, had a dv- 
cisive influence on the course of sculpture 
and painting. 

Stability is the most important consider- 
ation in architecture, and the necessity 
of structural soundness leads to the 
logical develoj)ment of every style in 
building. Thus the weight of the barrel 
vaults demanded solid, heavy masonry in 
Romane.squc buildings, since the whole 
pressure of the domes and vaults had to be 
carried by the walls. Hence the pre- 
ponderance of solid masonry over the 
openings. The Gothic vault, based as it is 
on the poirited arch, relieves this pressure 
by distributing it over the projecting ribs, 
which rest on strong piers or pillars, and 
consequently gives wider scope to the arti- 


culation of the walls. Gradually the solid 
masses of masonry disappear, until the 
openings for doors, windows, rose windows, 
etc., are more in evidence than the walls. 
But though the actual weight of the vaults 
finds sufficient support in the piers, the 
lateral pressure, or thrust, of the pointed 
arch demands a new counteracting member 
—the oblique prop, or “ flying buttress,’' 
which is so distinguishing a feature of the 
exterior of Gothic cathedrals. The “flying 
buttress” again needs the support ot the 
vertical buttress, weighted down by 
the pinnacle. 

It might thus almost be said that in the 
Romanesque style tlu‘ d('corative features 
are conditioned by the structural system, 
whilst in the ('rothic style a new structural 
system is the nec(‘ssary outcome of a new 
decorative feature. Or, in other words, 
stability was the law^ of classic am] 
Romanesque architecture, and elasticity or 
balance of the (lothic. In (k)thic vaulting, 
for instance, the ribs, an essentially deco- 
rative feature, are the imj)ortant element, 
and the curved surfaces of the vaults may 
be removed without affecting the struc- 
ture. In th(‘ Roman vaults the ribs have 
no structural function, and W'ould collapse 
with the removal of the curved surfaces. 
As walls decreased in massiveness, the 
horizontal gave way to a vertical tendency 
inthe buildings, which rosetoloftier heights, 
the eye being carried heavenwards by the 
serried vertical lines of the buttresses^ 
turrets, pinnacles, and the crowning glory 
of the tall spire. It is this striving 
towards the infinity of space that makes 
the (lothic cathedral the noblest expres- 
sion of the lofty aspirations of Christianity. 

Another result of the adoption of the 
pointed arch was the possibility of varying 
the height of the arch regardless of its 
width, a liberty which was not allow'ed 
by the semicircular arch. This did away 
with the necessity of square compart- 
ments, which prevailed in Romanesque 
vaulting ; the nave could be given the 
same number of compartments as the 
aisles, which again left greater freedom to 
the play of fancy in the plain, and the 
general effect of the interiors became 
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more varied and animated. The profuse 
use of stained glass helped to enrich the interior, 
whilst the exterior allowed the full play of 
inventive fancy in the countless carved stone 
traceries and ornaments, statuettes and reliefs 
and pinnacles, which, in course of time, trans- 
formed the whole building into a lace-like, 
gossamer web of stone tracery and sculptured 
ornament. To show the extent to which this 
apj)lied decoration was carried, it is only neces- 
sary to state that the reliefs, statuettes, and 
stained -glass windows of (Chartres Cathedral 
alone contain some 10,000 figures, and that the 
exterior of Milan (\athedral carries upwards of 
20(X) statues carved in marble. 

The two countries in which the Gothic style 
received its first impetus and reached its highest 
efflorescence are France and England. In both 
(countries Gothic architecture flourished from 
the thirteenth to the end of the fifteenth century, 
and . may be divided into three periods, though 
the development proceeded on different lines 
on the two sides of the Channel. Jn Franco the 
three successive centuries coincide approxi- 
mately with the Primary, or (hthique ; the 
Secondary, or Jtnjionnant, so called from the 
wheel tratuTV of the rose windows, and the 
Tertiary, or Flamboyant style ; in England with 
the Early English, the Decoraled, and the 
rerpendkulnr styles. 

Of the earliest stylo in France the first example 
of typical Gothic construction is th(i church 
of St. Denis, near Paris (1144). A little later 
in time, but thoroughly characteristic of the 
first period, are Notre Dame of Paris, and 
the Cathedrals of Rheims, Bourges, Chartres, 
Amiens, and Rouen. The wars with England 
acted as a check to French building activity in 
the fourteenth century, of which period St. Ouen 
at Rouen, and the unfinished church of 
St. Urbain at Troyes, are the most typical 
examples, whilst the Flamboyant development 
of the fifteenth century is best represented by 
St. Maclou at Rouen. During the close of this 
epoch secular architecture also advanced with 
rapid strides, and produced such masterpieces 
as the Palais do Justice at Rouen and the Hotel 
do Jaccpies Ccour at Bourges. 

The Early English and Decorated 
Styles. Early English Gothic can best be 
studied at Salisbury Cathedral, and in parts of 
Westminster Abbey — the choir transepts, and 
first five bays of the nave. Noble proportions 
and simplicity in decoration arc the chief aims of 
the period. The Decorated or fourteenth-century 
stylo is recognisable in tho interior by a more 
complex system of vaulting, and on th^xterior 
by the larger clerestories and window openings 
and the increased splendour of the tracery. 
Home of tho cloisters in Westminster Abbey, 
the Chapel of St. Ethcldreda, in Ely Place, 
Holbom, and parts of tho Cathedrals of Ely, 
Lincoln, York, and Lichfield may bo quoted as 
notable examples. ^ 

The Perpendicular style of the fifteenth cen- 
tury has its name from the increased stress laid 
on the vertical line^ which predominates tp SPPJ) 
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an extent that one almost loses consciousness of 
the existence of walls. The clerestory windows 
increase in size so much that no room can be 
found for a triforium, and they have to bo 
strengthened by double mullions. Very often 
the stonework is reduced to a mere skeleton to 
hold the glass. Open timber roofs, richly carved 
and ornamented, are of frequent occurrence in 
the earlier Perpendicular period ; whilst “ fan- 
vaulting ” — so called from the similarity of the 
ribs to the framew'ork of a fan — is characteristic 
of the later period. This fan-vaulting is a pecu- 
liarly English motif, and only very rarely found 
in other countries. The dazzling splendour of its 
effect is known to everybody who has been in 
Henry VIT.’s Cliapol in Westminster Abbey. 
St. Margaret’s, Westminster, St. George’s (hapcl, 
Windsor, Westminster Hall,* and the west 
fronts of Winchester and Gloucester Cathedrals 
are instances of Perpendicular Gothic. 

Germany, where the Romanesque style had 
taken very firm root, was comparatively reluc- 
tant to w'elcome the new ideas which were intro- 
duced from France. Cologne Cathedral, which 
was begun in the middle of the thirteenth 
century, is almost identical in plan with Amiens 
(Cathedral. The cathedrals of Strasburg, Ratisbon, 
Treves, Vienna, Ulm, and the beautiful churches 
of Nuremberg are among the chief monuments of 
German Gothic, whilst numerous castles, such 
as that of Marienburg; town halls — Ratisbon, 
Brunswick, Minister, Liibeck — and private 
dwellings, of which many are still to be seen in 
Nuremberg, Cologni', and other old cities, 
testify to the artistic taste which prevailed in 
secular architecture. In domestic architecture 
the most characteristic features of the German 
Gothic are the very high and stee]i gabled roofs, 
which often exceed in size the actual w^alls, and 
the pretty dormer windows. Frequently the 
upper storeys project over the gioimd floor. The 
ridge of the roof is either parallel to the street 
or at right angles to it. All thesis features combine 
to give an extraordinarily picturesque and quaint 
effect to the narrow streets of these cities. 

Some Famous Town Halls. In Belgium 
and Holland French ideas wore adopted at 
an early period, and the splendid cathedrals 
of Antwerp, Tournai, and Brussifls show to 
what extent those ideas were absorbed. But 
the genius of the race found its peculiar ex- 
pression in secular architecture, as was only 
natural with this prosperous state of traders, 
with their highly developed civic institutions 
and guild system. The main features of the town 
halls are borrowc'd from ecclesiastic architecture, 
and even the church steeple flnds its counterpart 
in the lofty belfry rising from the centre of the 
buildings. At the same time, the secular charac- 
ter and purpose of the civic building are never 
lost sight of, and these edifices are admirably 
^apted to public business. The town halls of 
Bruges, JBrussels, Ghent, and Louvain are among 
the glories. of Gothic architecture. 

Italian Gothic Churches. The local 
conditions of Italy did not allow Gothic 
architecture to develop on parallel lines with 
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the North; and lljoiigh 
the pointed arcli was 
extoiwivoly adopted, llu^ 
full systoin, ])a.sed on it, 
did not find favour south 
of tho Alj)s, e\ce])t in 
isolated cases like Milan 
Cathedral- tlie work, to a 
large extent, of Cerniau 
builders ; and even hen^ 
tho absenco of a lofty 
tower and the form of 
the fa 9 ade are markcal 
d e p a r t u r 0 s f i‘om t he 
Northern ])rototypes. 

The abundance of such 
precious and (dTeetive 
building in a t e rial as 
coloured marble, with its 
imssibilities of us(i or 
incrustation, tla^ hoi 
climate, which im])eriously 
demands solid walls with 
small windows for protec- 
tion against the sun, and, 
above all, the classic 
tradition whit'h was m-ver 
(piito (‘radicated, even 
when it was ovc^rshadowed 
by for(‘ign inllueiices — all 
tliese factors left their 
mark on Italian (.lothic; 
ehurelies, which retained 
more or kiss the horizontal 
tendency and the pre- 
ponderance of solid 
masonry, decorah'd with 
stripes and pan(‘lsof marble 
inlay, over openings, 
J\loreov(‘r, tin*. g(inius of 
the peopki could not dis- 
[)eiis(i with lai'g(i surfain^s 
for ])ictorial (l(‘c()ration, 
and fresco and mosaic 
painting had practically 
ceased to exist in the 
North as a result of the 
masonry being n'dueed to 
a minimum, a nu're fraim^ 
for the stained -glass work 
which had usurped the 
place of painting. 

(limatic reasons, again, 
did away with the 
necessity for s((m*[) roofs. 
Tho aisle roofs of Italian 
Gothic churches are 
generally masked by the 
screen • like w’ost front 
wall, tho porch of which 
frequently projects, with 
columns resting on the 
backs of lions ; and the 
domo is dcveloi)ed to 
such grand proportions 
as the glorious cupola 
of St. Maria del Fiore 
in Florence. 



UlOTTO’S TOWER, FLORENCE 


The exquisite campanile 
of Florence, Ruskin’s 
‘‘ Shepherd’s Tower,” is 
the perfect result of the 
blending of Gothic and 
local character. Tn 
Lombardy, where brick 
frequently took the place 
of stone as building 
material, the church of tho 
Certosa di Pavia stands 
as a noble example of 
Italian Gothic, while of 
oth('r churches may ho 
mentioned St. Maria 
Novella in l^^lorence, and 
the cathedral of Si(aia. 

In secular aicdiitecture 
wo have to distinguish 
1) (5 1 w o 0 n the massi v(\ 
(hdiaiit, pow'erfnl Gothic 
I)alae(is in t^lorenee, such 
as llie Palazzo V^'etdiio 
and the Raigcdlo, and 
the playful tr(‘atmeut of 
(Jothie motifs iii Veiiiee, 
which found its supreme 
expn'ssioii in the Palazzo 
(’a d'Oro on the Grand 
hi tho Doge's 
jialace th(‘ style attains 
to rare dlgiiily, whilst 
tho two (colonnades by 
which it is adoriu'd stand 
nnrivall(‘d for magiiili- 
eene(‘. 'J'luc brick palaces 
of Si(‘na are distinguislu‘d 
for their noble arclii- 
t e c t u r a I art ieulat ion ; 
witness t bo P a 1 a z z o 
Pubblieo and Ibe Palazzo 
Ihumsiguori. But, in spile 
of the temporary victory 
of an art ideal which had 
been more or less imposed 
upon the Italians by 
Norl.h(‘rn (joiiquerors, the 
Gothic style always re- 
mains alien to the spirit 
of the race, and only a 
slight impetus was needcnl 
in the early part of the 
fifteenth (‘(‘iitury to secure 
a lasting triumph to the 
rodiseoveied principles of 
antique architecture. The 
dawn of the Kfnaissanee 
signified the death of the 
Gothic style in Italy. 

Spain derived her Gothic 
style chiefly from France, 
but the cross is frequently 
crowned by a dome, and 
rich Moorish ornaments 
are em[)loyed togeth(‘r 
with Gothic motifs. 

P. G. KONODY. 
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OF GOTHIC ARCHITECTURE 



THE MOST PERFECT ENGLISH CATHEDRAL 



SALISBURY CATHEDRAL— AN EARLY ENGLISH BUILDING WITH A DECORATED SPIRE, lUl) FEET HIGH 



OF SAMSBimr CATHBOML— A MASTERPIECE OF THE THIBTBBIITH OBIITDRY 
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6R0UP 4— PHYSIOLOGY & HEALTH • THE BODY & ITS MAINTENANCE— CHAPTER 9 

The Nose, Lungs, and Thorax. The Pi’oce^s of 
Breathing. Inspired and Expired Air. Arterial Blood. 

THE ORGANS OF RESPIRATION 


B respiratory organs include the nose, 
mouth, larynx, windpipe, lungs, and 
pleura, with the nerves and blood-vessels be- 
longing to them. 

The Nose. We arc aware that the nose is 
not generally included in this categorv. and the 
omission has led to serious results. The sense 
of smell has been considered the sole function 
of the nose, but breathing is undoubtedly the 
primary function of the nose, and all inspired 
air should pass through it. Indt'C'd, it is because 
it is so designed that the olfactory organ is 
situated in the upper part to catch the odours 
the air may carry — a useless ]3osition if all tla^ 
air is iniciuh'd to (*nter through the mouth. 
The mouth, however, .serves for ex|)iration 
equally well with the nose. Air bri'athed in 
through the mouth is raw, cold, laden with 
gern^s and the tilthy dust of streets and rooms, 
thus drying the tongue, d(‘st roving the teeth, 
caasing sore throats and snoring, and tdogging 
and poisoning the lungs. 

Air breathed through the nose is warmed, 
moistened, and cleaned so perfectly from all 
germs and tilth that not one inierobe pa.sses 
clown into tiu* lungs. 

The no.se. thi‘reforo, is tlu* first re.spiratory 
organ. Its [uissages arc tortuous, and yet five, 
lined with still hairs to intereej)t foreign bodic's, 
and w’ith ciliated epithelium, that catches all 
tl](5 du.st. An abundant blood supply keeps its 
l)a.ssagos warm, w'hile a free secretion of mucus 
keeps the air moi.st. The posterior nostrils are 
twice the size of the autiuior, and through them 
tlie air passes behind the soft palate down tht* 
larynx. The vocal cords, in a quiescent state, 
afford a free and .silent passage for the air to 
pas.s to and fro in breathing ; and it is only 
when used for vocalisation that the passage of 
the air is obstructed. 

The top of the larynx can be closed tightly by 
a lid called the epiglottis, but it is never closed 
save ju8t in the act of sw^allowing, when it shuts 
down as the tongue is carried backward. 

How Air passes down to the Lungs, 

The air, then, enters by the nostrils (we can 
see how they act if we w^atch a horse breathing), 
and passes backward through the posterior 
nares (nostrils) into the throat, and then down 
♦through the epiglottis, which is open, into the 
larynx, or voice box. The air, passing through 
the larynx, then entoi*8 the windpipe, which is 
called the trachea, becau.se it feels rough outside 
on account of the 16 to 20 rings of gristle that 
surround it. This pipe is an inch in diameter, 
and 4^ in. long. Just behind the breastbone 
it divides into the right bronchus (almost hori- 


zontal) and the left bronchus (almost vortical). 
Each bronchus runs into a lung — the two 
bronchi and the two lungs looking just like two 
huge sj)oiiges growing on two stout hrauches, 
the bronchi forming stalks to the lungs [42]. 

Tlie right lung, having a weight of 211 oz., 
is in three lobes, and Uu^ left, WTighing 19 oz., 
is in two lobes. W'hen the bronchi enter the 
lungs they nv]>idly divide and subdivide, exaetly 
iik(‘ the branelu's of a tree, until at last the twigs 
get very small (only one-fortieth of an inch in 
diameter). Kiieh tiny tw^ig then ends in an air- 
cell oiu'-fiftieth of an inch in diameter, sonunvhat 
lh(‘ shape* of a grape, only the outside is noi 
smooth, but like* a raspbi'rry or blackberry [43J. 

A bunch of these cedis Hxed on the little air- 
twigs looks very like a hunch ejf grap(‘s. V\ he‘ii 
the ail* ge^ts as far as this, its further progress is 
ste>pped. The outer side's of tlu'se air-cells are 
eovc're'd with such myriads of blood-capillaries 
that it is .said that if those in the lungs alone 
wore strete'hed out in one .straiglit lino they 
would reach from liere to Am(*rioa. 

The Purification of the Blood. The.so 
e'apillaries diffe*v from those In the body, for 
tho.se brought fooel to the (*ells and took aw'ay 
the refu.se ; th(*y gave* up all the Ire.sh air from 
the^ corpuscle's to the be>ely-e*(*lls, aiiel took aw'ay 
e*arboiue* acid gas. The^se^ bring the bad air and 
take away the* fiv.sh. The^ reel corpusele.s that 
arrive lu*re* laele'ii with earhouic acid gas, and 
e)f a dark eeilour, thus have' them lilled again 
with oxyge*n, and changed to a bright red 
colour. The.' walls of the capillaries and of the 
air-e*ell.s are* .so thin that the* o.xygcn from the 
air can ea.'-ily pa.ss through the* cells into the 
blooel, and the* carbonic acid in the lilood can 
I'asily jiass out of the blood into the air. The 
surfae*e of blood that is exposed to the air [461 
at each breath in the^ thin Him in the capillaries 
outside the air-cells is equal to about fifty-six 
.square yard.s. All animals inspire oxygon and 
give out carbonic acid gas ; and in all there 
are lungs, or the principle of a lung, which 
consists essentially of a tliin membrane with 
air on one side, and blood in small thin vessels 
on the other. 

The blood, thus purified, then returns by the 
four pulruoiiary veins to the left auricle of the 
heart. Both the bronchi, the bronchial tube^, 
and the windpipe arc lined witii vUiated epi- 
theliunit the hairs of which are always weaving 
upward toward the throat, and so pass up 
any grains of dust that may be breathed in. 

These bunches of air-cells are all matted 
together by fibrous tissue, blootl-vessels, and 
nerves, into the spongy substance we call lung. 
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THE VITALISING ORGAN OF THE BODY 



48. In this diaaram the right lung is shown complete, with its three lobes, and the left lung m section, 
inspiration has just been taken, so that the chest is distended and the diaphragm flatten^ 
the larae ex^ of the back of the lung. The front part of the lung is slightly pulled a^e to show more 
olear^ the entran<^ of the artery and the exit of the veins which carry the blood to and from the lungs. 
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The Pleura and Thorax* Covoriug cacli 
lung with the doublo folds of an empty bfig, 
after the fashion of the pericardium round the 
heart, already described, is the pleura, 
right and left. The outer layer of 
the bag (the parietal layer) adheres 
to the inner side of the thorax or 
chest wall, lining it with a smooth 
and glistening membrane. The inner 
layer (the visceral) is equally ad- 
herent to the lung, which lies close 
against the chest wall. Between 
the two layers is a little fluid 
that lubricates the two surfaces 43. the terminal air 
and enables the one to glide upon cells of the luno 
the other in tlie inces.sant move- r/. Small air-tube, 
ments of respiration, without fric- 
tion and without noise, thus per 



forming the function of a universal joint. 

So much, then, for the structure o^ the 
respiratory organs. The thorax itself, which is 
lilled by the heart and lungs and 
large ve^sseds, consists of a dome- 
shaped cavity [44J. closed in at th(^ 
top by the ribs and fleshy part, 
the only opening into the lungs 
being through the windpipe. Its 
back is formed by the spinal 
column, its movable sides by the 
ribs, which are each jointed behind 
to the backbone, and the upp(*r 
seven pair in front to the breast- 
bone. The n(*xt three are each 
joined by cartilage to the pair 
above them, while the last two 
are free in front. The lungs are 
thus shallow in front (down to the 
6th ribs), and deep behind (down 
to the 11th). The iloor of the 
thorax is formed by a strong 
muscle (the dia])hrag?n) stretch- 
ing riglit across the body, slanting 
dowinvard beln'nd, through whicli 
the blood-vessels and gullet pass. 

We will noW' j^roceed to consider the 
mechanism, muscular and nervous, of respira- 
tion. The force expended in opening the chest in 
inspiration each day is enough to raise the person 
the height of St. Paul’s, and 
is thus only about one-sixth 
of the forc(5 spent in the 
circulation. Breathing con- 
sists of two acts — inspirnlion 
and expiration. Inspiration 
is a forced muscular effort 
performed by three distinct 
sets of muscles — those that 
act on the ribs, those that 
act between the ribs, and 
the diaphragm, which is the 
floor of the thorax. 

In inspiration the chest 
cavity is made broader, 
longer, and deeper. When at rest, the ribs, 
hinged behind to the backbone and in front to 
the breastbone, hang down like the iron handle 
on the side of a bucket. Kow, if we raise such 


a iuindle, it not only moves upward, but out- 
ward. The same takes place with the ribs ; 
and, in addition, the sternum, or breastbone, 

; being movable, rises forward as well, 
and thus the chest is made bro(uhr 
and deeper. It is made longer bc- 
caus(% w'hen at rest, the diaphragm 
muscle forms an arched floor, that 
risers like a dome into the thorax, 
and on which the lungs rest. As 
this muscle contracts it tlatLens the 
floor, ])ulLs the lungs down, and 
as a result makes them longer from 
top to bottom. 

The muscles that raise the ribs 
h. I’yr are in two sets— those that act on 
.Sniul cr tho.se that act bet ween 

them. The upper ribs are pulled 
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44. THE BONE.S ENCLOSlNtJ 
THE THORAX 

n. Vertebral column: 1-12 Ribs. 
b. Sternum. (Jcistal cartilaReH, 
d. Unlte<l eartilanes of upficr false 
ribs. It and 12. Floating ribs. 



46. THE INTERCOSTAL MUSCLES 
1. Sternum. 2. Cartilages. 3. Ribs. 4. Junc- 
tion of ribs with cartilages. .5. External inter- 
costal muscles, laid bare on the left in (5. 


upward by the action of muscles passing down 
from the neck. 

Between each rib is a double layer of muscles 
crossed like an x ; they are oallcHl 
the intercostal muscles, because 
they are bet ween the ri bs [46]. The 
top ribs being fixed as these con- 
tract, they (end to raise the low'(*r 
rib, to w inch they are attached ; 
and thus, by acting together, all 
the ribs arc elevated. 

This constitutes the movement 
of inspiration. 

Jn expiration, the chest returns 
to its original size without effort. 
This is mainly caused by elastic 
recoil. The lungs are full of elastic 
tissue, which is stretched when 
the lungs are expanded ; and, as 
soon as the muscular (effort ceases, 
the elastic force is so groat that 
the lungs jmll the ribs down 
again, and pull up the floor of 
the diaphragm [47]. 

When w(*. draw in a breath 
the abdomen swells out. This 
is caused by the eoiitraetion of the diaphragm, 
which presses all the digestive organs down and 
makes them bulge out the walls. In expiration 
the abdomen gets flat again, as the floor rises 
once more. 

The force required to 
stretch out the elastic tis.su(* 
in ordinary inspiration is 
equal to 170 lb. ; and the 
total daily force*, used in 
respiration is 21 foot tons. 

The nervous mechanism 
of respiration is of gr(‘at 
practical interest. There arc^ 
two great eentn^s in the 
brain where respiration k 
controlled — the one is the 
conscious region, under the 
control of the will, and hence, 
of course, voluntary : the other is the unconscious 
region, which is involuntary, and governed in 
its action by the unconscious mind. The 
movement of the muscles is controlled from 
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those centres by various nerves, notably the 
pneumo-gas trie nerve. 

Practically our breathing is under our own 
control up to the point where life is involved. 
We»can breathe in any manner and at any rate 
we please. Were it not so, speaking would 
become impossible. Wo can also hold our 
breath up to a certain point ; but when life is 
beginning to bo threatened the other involuntary 
centre comes into play, and, in spite of the 
strongest effort of will, forces us to breathe. This 
control also acts continuously when we are 
not thinking of our breath at all. None of the 
vital processes require our constant attention ; 
yet with some we are allowed to play up to the 
point of danger, but no farther. 

It has been observed that the sexes breathe 
differently, and it has beem thought, and laid 
down in text-books, that the difference ls a part 
of the many distinctions observable between 
men and women. 

Children of both S(^xes up to puberty W’ere 
observed to use all their ribs in expansion, and 
the diaphragm by descending in inspiration. 
But from this age the types began to diverge. 
Girls and W’omen breathed increasingly with 
ribs only, the diaphragm remaining stationary, 
and very many women wnth the up[)er six pairs 
of ribs only. Men, on the othen* hand, tended 
to breathe less with their ribs, and more by 
descent of the diaphragm. 

It is now discovered that this variation is 
chiefly duo to the difference of dress. Diaphragm- 
atic breathing involves a change of two or three 



46 . CROSS-SECTION THROUGH LUNG SUBSTANCE, 
SHOWING CAPILLARY NETWORK 

1 Blood-vessel. 2. Capillary network. 3. Lung alveoli 
or air-cells. 

inches in the circumference of the waist, and when 
this is enclosed in a rigid dress-band somewhat 
smaller than the least waist size {to say nothing 
of corsets), it is evident that movement of the 
diaphragm becomes impossible. If the corsets 
be at all rigid, the lower ribs also become flxod, 
and the whole strain of respiration is then thrown 
on the upper half and most delicate part of the 
lungs, the plaoc^ indeed, where consumption 
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almost invariably begins ; while the stationary 
lower half is a favourite seat of congestion. 

We must now consider the air that is respired. 
We only take our solid and liquid meals three 
or four times a day ; our air- meals, or breath, 
wo have to take 17 times a minute ! The air wc 
breathe (if pure)., 
consists of one part | 
of oxygen and four [ 
parts of nitrogen, 
w'ith just the least 
trace only of car- . 
bonic acid gas. The 
nitrogen is only 
used to dilute the 
oxygen, as w'ater 
is used to dilute 
brandy, for the 
oxygen would bo 
too fiery witliout 
it. Oxygen sup- 
ports combustion, ‘ 
and enables all sub- 
stances to bum, but Showing the form of the sternum, 
will not burn itself. •Hjphrairni and abdominal wall in 
fin u i rxi i 1 n) Lxiiiration, (2) Inspiration. 
1 he heat of the body Trucliea. h. Sternum. <•. Dia- 

ls kept up entirely phragm. d. Abdominal wall. The 
hv a of slow shaded portion represents the sta- 

ny a ])rocts8 or siow tionary air. 

combustion. Rapid 

combustion produces a flame, as when gas burns 
in the air ; slow combustion produces smoulder- 
ing, as in the end of a match or (;igar, or u red-hot 
poker. But there is a slower combustion that 
only produces as when a little sulphuric 

acid (oil of vitriol) is poured into a glasnof water. 
There is no ffame or burning, but the water gets 
quite warm. This is the sort of combustion that 
takes place in the body. 



THE AIR IN THE LUNGS 


Good Air, It is of the utmost importance 
that the air wo breathe should be pure. The 
food wo take has often to bo brought groat 
distances to get it good and pure, but we are 
always obliged to breathe the air that is close 
around us ; so we should never live or sleep in 
close, impure, unventilatod rooms. If we do, 
wo cannot bo healthy, for we cannot get pure air. 

If wo breathe the air in a room where a 
number of people are crowded together, it is not 
only full of poisomus carbonic acid gas from their 
breath, but full of decaying particles of animal 
mailer given off from the skin and lungs of so 
many people. 

The air we inspire, as a rule, is fairly dry, cool, 
or cold ; is full of dust, and other particles, and 
is composed of owe part of oxygen and four parts 
of nitrogen. The air is dravTi into tfce lungs 
by their being stretched out and made so much 
larger by muscular effort that a vacuum is 
produced, and the air rushes in to fill the space. 

The amount of air taken in at an ordinary 
breath is 20-30 cubic inches. This is called tidal 
air, for it goes in and out like the tide. If wc 
take a very deep breath, we can draw in 100 
cubic inches more, which is called extra or 
complemental air. Now, when we have expired 
tins, and the tidal air, if we breathe out very 
hard we can expire another 100 cubic inches of 
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air, called teaerved air, and then, when the last 
particle of air has been breathed out, there still 
remain, far down in the air-cells, 100 cubic inches 
of fixed or residual air that never leaves the 
lungs. We can easily understand that if the lungs 
hold ordinarily 230 cubic inches of air, and can 
be made to hold 330, the 30 we breathe in and 
out only just moves the air in the larger tubes, 
and never reaches the air-celb at all. 

The wonder, then, is how the fresh oxygen 
ever gets to the blood if the air-cells and smaller 
tubes are always filled, as (he depths of the ocean 
are with water, with an air that never moves. 
This is due to the law of diffusion of gases, by 
which any two different gases brought together 
at once mix. 

When wo draw a breath in, charged w’ith pure 
oxygen, the carbonic acid in the fixed air in the 
air-cells at once diffuses out into the pure air, 
and the oxygen of the pure air at once diffuses 
into the impure air in the air-cells. Were it not 
for this law, fresh air w'ould never reach the blood 
at all. We quite understand that carbonic acid 
gas is not made in the lungs, but all over the 
body, and all that takes place in the lungs is its 
exchange for oxygen. 

Expired Air. Exj)ired air differs in every 
w*ay from inspired air. The analysis of the two 
is as follows : 


Inspired Air Kxpired Air 

Amiuoiiia A" org. 

salts . . . . *4 


C04 

• • 

.. 04 

CO., 

41 

N 


, . 7915 

N “ .. 

. . 7l)*5 

0 


. . 20'81 

0 

.. iff 



JOOll 


1000 


Jn short, four parts of oxygem arc replaced by 
four of COj,. 

Exj)ired air is hot, about blood-heat, full of 
water, contains vo dust, a little decaying animal 
matter, a considerable amount of carbonic add 
gas, and a diminished amomit of oxygen. 

We can prove this by ex|)erimeiits : * 

1. To show it is hot. We broatlio on the bulb 
of a thermometer, and we shall see it rise to 
about blood-heat. 

2. To show it is full of water. If wc breathe on a 
cold looking-glass, or the blade of a steel knife, 
wo sliall see it soon covered with drops of w'atcr. 
When the air is cold, we (;an actually see the 
water vapour coming out of our mouths. 

3. To show it contains carbonic gas. If we 
breathe through a piece of tube into lime water it 
will soon become milky, owing to the forming of 
chalk, which is carbonate of lime, and is nuuie 
by the carbonic acid of the breath uniting with 
the lime in the water. 

About half a pint of water and half a pound of 
solid carbon pass out by expiration each day, 
as well as a great deal of body heat. . These 
amounts increase during life from I to 30, nmiain 
stationary from 30 to 50, then slowly decrease. 
The COjj expired varies in proportion to the 
^ount of musclo waste from w'ork done. 
With quick breathing, rise of temperature. 


and in the autumn, the CO._, is less. In the 
spring and under opposite conditions, it is more. 
Of 1()0 parts of CO^ daily expired, 52 parts arc 
expired in 12 hours during the day, and 4S in 
12 hours at night. 

How Arterial Blood is Made. We 

must now describe the changes effected in the 
blood by respiration. 

The venous blood, laden also with organic 
refuse from the tissues and from the lymphatics, 
arrives at the lungs through the pulmonary 
artery from the right heart, and is spread out in 
the finest capillaries on the outside of all the 
air-cells. There, by diffusion, a litt le over 4 per 
per cent, of CO.j is introduced into the air, 
together with about *4 per cent, of effi^te animal 
matter and ammonia out of the blood, while to 
keep the balance, a corresponding amount of 0 
is introduced with the blood, with the effect of 
at once making it bright scarlet. 

The following experiments will illustrate the 
way in which the change between the two gases 
takes place in the lungs : 

1. If })Iood is allowed to run from a vein, and 
form a clot in a plate or saucer, the outside of it 
will be seen to become bright red, beeaus(i the 
carbonic acid passes into the air, and the oxygen 
takes its place. Eut und(*rneath, or inside, it 
remains quite dark, and if wo suddenly turn it 
over w'C see this, though the dark part soon 
becomes bright when exposed to the air. 

2. If we get a little bright blood in a moist 
bladder and hang it in a jar of carbonic acid gas, 
it gets purple. If wo now hang it in the air in a 
jar of oxygen, it gets bright red again, showing 
(hat the gases can pass through the walls of the 
bliiddcr iis they pass through the air-cell mem- 
brane. Such, then, is the normal proe(^ss of 
respiration, but various abnormal processes, 
such as asphyxia, occur. 

The Control of Sound by the Larynx. 

Ordinary expiration is quite quiet, because the 
larynx is kept widi‘ly open, and the two bauds 
know'n as the vocal cords are far apart. If they 
are brought together, howoviu', some sort of sound 
is made in exi)iration. Talking and singing, 
groaning, laughing, coughing, all take place in 
this way. Sound is only fornu*d in the larynx, 
words are made in the mouth. In laughing 
the breath comes out in a scries of explosions ; 
coughing is very similar. 

Sighing and gaping are two special forms of 
inspiration wo will explain hero. If from any 
cause insufficient oxygen is getting into tlu* 
blood, as, for instance, when a boy is sitting 
writing or studying, and breathing very gently 
for a long time, the nerve-eeiitre that controls 
the breathing sends an impulse to lill the lungs 
with fresh air, and he heaves a sigh, which is 
thus an effort of Natures to get enough oxygon. 
Panting is an effort made for the same reason. 
Yawing is a still more determined effort. 
Hiccough, coughing, sneezing, sniffling, sobbing, 
laughing, sucking, are examples of -v arious forms 
of inspiration and expiration of special cliaractcr 
and for other purposes than ordinary respiration. 

A. T. SCHOFIELD 
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Methods of Cutting Cereals. Building the Rick. 

Threshing. Mangel Clamps. Hiring and Wages. 

HARVESTING THE CROPS 


T he harvesting of the crops of the farm is, 
pcThaps, the most important feature of the 
agricultural year. If it is essential to cultivate 
the land with thoroughness and to sow good 
seed under the best conditions, it is still more 
imjiortant to save the crops which have been 
produced by the adoption of those necessary 
forms of labour. 1'he harvesting of the grain 
and pulse crops is conducted under very different 
conditions to those which obtained 50 or even 
25 years ago. Hand labour has been largely 
supplemented, or replaced, by machinery, and 
it has long been obvious to all concerned that 
but for machinery the cost involved would have 
been much more serious, with the result that the 
farmer’s occupation would have become a most 
precarious one. The date of harvest varies— 
even in this small country — owing to the dif- 
ferences in climate, soil, and temperature. 
Sometimes, indeed, corn is (uit in the 8outh 
by the third week in July, while \\v have seen 
the reaper at work in the North about the middle 
of Si^ptember, and in exceptional years, chielly 
owing to adverse weather, corn crops have 
remained in the field until Novembi^r. 

The Right Time to Cut. Experienci^ is 
of great value in enabling the farmer to decide 
when to begin to cut bis crops. U'hile he is 
seldom likely to cut too early, it teaches him 
that he nuiy cut too lat(‘, with the result that the 
grain is either shed or ])artially spoiled. J’o 
w^ait until wdieat or oats arc actually ripe is 
fatal. Wheat, for cxam])le, should bo cut when 
the straws has begun to turn from green to 
yellow just below the ear, but it must be dry. 
Difliculty, however, often arivses when a large 
area of grain rijicns simultaneously, and when, 
in consequence, though the farm is well equipped 
with machinery and men, some must be left. 

The Passing of Hand Labour. In 
days now ha[)])ily ])assed away, the sickle 
or the scythe wen* th(' only tools employable, 
the latter especially involving considerable 
physical labour, from half an acre of wheat to 
1| acres of barley being cut in an average day. 
The area mown, how’ever, defiendcd to some 
extent u])on whether grass or wi'cds w'cre grown 
with the corn. A smaller area was cut with the 
sickle, which, like the scythe, is now occasionally 
used — although there are but few men w’ho can 
do a good day's work with the latter where the 
com has been beaten down or twisted by the 
wind or rain. Hand tools were succeeded by 
the reaping machine, and the icajicr by the 
.self-binder, which, without stoppages or break- 
ages, and with sufficient horse-power, will cut 
an acre in an hour, or an average of eight acres 
in a day, the machinery being kept well oiled 
and exchange knives kept sjiarp by an assistant. 


The Advantages of a Binder. The 

reaper— which cuts the corn, and, by the aid 
of the sails which revolve over its platform, 
deposits on the ground, at equal distances apart, 
sufficient quantities for tying into sheaves — 
although a useful machine, is much inferior t-o 
the binder. It involves the employment of 
hands for making bands and tying the corn, 
whereas the binder tics every sheaf w'ith twine 
and deposits it ready for stooking. As the 
corn is out by the binder it is elevated and 
packed until sufficient for a sheaf is collected. 
It is then released, encircled, and tied with tw ine, 
which is then cut, the sheaf being simultaneously 
thrown out. 

On a well-eonducted farm the whole harvest 
tackle should be overhauled and prepared for 
W’ork before^ harvesting begins. The reaper, 
or binder, should be in f7eif(‘ct condition, twine 
purchased, and such spare parts as may be 
needed owing to wear and breakage procur(‘d 
from the manufacturer ; and this especially 
applies to knif(‘ s(‘elions, lingers, bolts, rivets, 
and the cloths which are used for eU'vatiug corn 
on so many machines. The horses should he 
reliable, and sulficient in numb<‘r to admit of 
changes for rest. Judgment is needed, too, in 
the manner of eulting, for the cjop must stand 
against the machine. If bent, laid, or twisted, 
the result may In) that it is cut too high, leaving 
much straw’ on the ground, or that the ears arc 
cut off and wasted, owing to the fact that they 
cannot bo collected with tlui liorsc-rake. 

Building StooKs. As the sheaves arc 
deposited, they are set up into stooks, four to 
six a side, wide apart at the bottom, and sloping 
toward the top, so that the (^ars of opposing 
sheaves arc close together. In this w\ay damage 
by rain is minimised. It is im])ortant, too, that 
the stooks should be set- in the right position, 
that the wind may })ass through them, and 
thus assist in drying them for carting. Where 
stooks arc carefully built, they will sustain a 
good deal of rain without harm, but if thoroughly 
wet, the sheaves may be laid out for drying in 
t he sun. It is sometimes necessary where weeds 
arc plentiful, or where grass or clover sown 
with the corn has grown with freedom, to untie 
the sheaves after heavy rain that they may be 
thoroughly dried before carrying, as wet sheaves 
in the rick heat, and spoil both corn and straw. 

Such operations are occasionally necessary 
from time to time, and thus it is that wet 
weather involves an expensive harvest. Great 
judgment is required before carrying, os(>ecially 
in changeable weather. The time, however, 
may usually be determined if the farmer goes in 
advance of his waggons, and personally ex- 
amines the sheaves by thrusting his hands into 


EMBRACING FARMING, LIVE-STOCK. DAIRYING, BEEKEEPING, FORESTRY, GARDENING 

1090 



GROUP 6— AQRIOULTURK 


the ceiitrc beneath the band. Whether carts or 
waggons are cmployiKl is a matter for private 
decision, although it is usually governed by local 
custom. The number of waggons and hands 
employed in carting depend upon the distance 
of the field from the stack. 

Oats. Oats, like wheat, are cut when the 
straw assumes a yellow tint. On no account 
must they he left to ripen, for the crop becomes 
a prey to liirds, and quantities of grain an* 
shed. Oats are usually spoiled if they are 
stacked in a damp condition. How far the 
damagi* has proceeded is too well realised when 
the grain from a crop which was carried damp 
is (‘rnployed for seed. Dampness is followed by 
mould, a musty smell, and an unnatural colour. 
As oats are more liable* to damage than wheat, 
they arc usually kept longer in the field. 

Barley. Barley, contrary to wheat and oats, 
should bo practically dead ripe, with the ear 
Ijanging as though the straw had been fraetiinsl 
at its base, anrl the grain hard and wTinkled. 


dried grass may bo considerable, for, if heated 
in the rick, barley is useless to tlio maltster. 

Where a barley crop is clean and dry, and the 
weather all that can be desired, the binder is 
sometimes permissibh', but the chi(‘f advantages 
are expedition in carting and threshing. Jt is 
most essential to stack barley in an absolutely 
dry (‘ondition, leaving nothing to chance, and 
covering the* rick with tliatch at tho very first 
opportunit y. A small ]U‘rccntago of wet sheaves 
will always sj)oil a malting sample; hence, from 
lirst to last, dam]> slieaves should bo excluded, 
hi some parts of these islands where the rainfall 
is heavy, it is eustomary to build a sciries of very 
small ricks rather than a fcAv large ones, to mini- 
mise damage by licating and mould. 

Beans. Beans arr* (uit with the reaper, 
the scythe, or the hook, or under certain dis- 
advantageous eoiulitious tlu'V are pulled by 
hand. The bean crop is ready for harvesting 
when th(‘ leaf (h‘o})s, although the corn is still 
soft. Owing to the stout (‘i* charact(‘r of the 
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It is usual to allow a barley crop, when cut, to 
lie loose on the ground, for in this way it can be 
carted earlier, while it is sometimes improved 
in quality if there is sun by day and dew at 
night. The process of turning tlie crop whih^ 
in the swathe is in such a case followed by a 
inore uniform colour and general mellowness. 
For the reason that tying is seldom (essential, and 
Ix^cause the straw is shorter and lighter, barley 
is often cut with the scythe, especially as fewer 
(‘ars are lost. Barley, too, as a rule, though 
shorter, stands less erect before the reaper, with 
the result that the oar is often reanoved by the 
knives. Grasses and clover, lucerne and sain- 
foin, are often sown with a barley crop ; hence, 
especially in wet seasons, a considerable quantity 
of green material, or it may he of weeds, is 
present, for which reason tying becomes next 
to impossible. A high-priced malting sample 
must bo well coloured, and this is largely pre- 
vented by . tying, while tho risk involved in 
stacking sheaves. largely composed of jiartially 


haulm, or straw, beans are often cut in damp 
weathei*. tied, stooked, and h^ft in the field until 
quite fit- for carting. When well dried, how- 
ever, the crop hecomc^s brittle, and unless great 
care is exercised a proportion of the corn will 
he shed and lost. Beans require plenty of 
weathering befon^ stacking, although, if suf- 
ficiently dry, they may he successfully carried 
during damp w'cather, such as that which would 
be unsuitable for cereal crops. As hi‘an straw 
is a valuable fodder, however, it is wise to make 
every effort to iirevent tlie slightest damage. 

Peas. Peas arc usually cut with a hook or 
sickle, and laid in heai^s, which are turned two 
or three times, as may bo found nc(tessary, 
especially if tho weather is damp. The pea croj> 
should never remain to ripen b(*foro harvi'sting ; 
tho pods become brittle and are liable to open, 
and, when tho pulse is hard, to shed it. Peas 
must bo quite dry before carrying, otherwise 
they heat and become mouldy, when tho very 
valuable haulm, or straw, is diminished in value 
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as a food for stock. When the pea crop — both 
pods and straw — assumes a yellowish colour, it 
is ready for the sickle. 

Building the RicK. In the building of com 
ricks, it is most essential that the corn should 
be protcctcid against vermin. For tliis reason, 
staddles from two to three feet off the ground 
are of groat value, especially as they permit 
the free circulation of air beneath. W^here these 
are not employed, the rick bottom should be 
mad(' by the aid of faggots, and plenty of them. 
\^’here the corn is in sheaves, the centre of the 
rick should be kept the highest, and the sheaves 
laid sloping, with the ear ends upward and 
toward the middle, llien if rain enters 
the rick, it will be shot off toward the outside, 
leaving the grain little damaged. Allowance 
must be made in all cases for settlement before 
the rick is thatched. 

Corn ricks are usually round, with the bottom 
or butt ends of the sheaves at the outside, so 
that the corn, being within, cannot he stolen by 
birds, fn building, the diameter of a rick 
increases from the bottom to the eaves, and 
diminishes from the eaves to the point at the 
top, this portion of the roof being covered with 
extra thatch. Home farmers pare the outsides 
of the rick from tlu' ea\es downward, not onl^* 
with the object of mjiking it look more tidy and 
presentable, but of giving it compactness and 
affording protection. The body of the rick, like 
the roof, should be even on all sides. 'Fhe roof 
in ])artieular must bo well finished off before 
thatching, otherAvise, with settlement, hollow 
places will foriYi, which may admit rain and result 
in damage. Kicks are usually thatched by’the 
square of ICK) ft., at a cost of from Is. to 1:;. 3d.i)er 
square, the farmer finding the straw, the stakes, 
and the twine, where thatching twine is employed. 

Threshing. Threshing is more frequently 
a Avinter operation, and where a threshing 
machine does not form part of the equipment of 
a farm, it is usual to hire it, payment being made 
either by the hour or day, the bushel or the sack 
of com threshed. Custom, however, usually 
rules this condition. The threshing machine 
owner provides the driver of the engine, and 
usually one or two men ; but in practice a gang 
of men, whose services are more or less necessary, 
in addition to the ordinary labour of the farm, 
usually folIoAV the machine. Those men are paid 
by time, and supplied with refreshment. The 
hands required to conduct the operation of 
threshing, in addition to the driver and feeder, 
are for carting water for the engine, removing the 
chaff and cavings (a coarse by-pr^uct between 
the chaff and the straw), cutting the shoaf-string, 
bagging and carting the com. Others will be 
needed on the com rick and the straw stack, and 
for attending to the elevator by which the straw 
is raised, if such is used. 

Before the engine arrives, coal must be pur- 
chased and deposited in a handy spot. When 
it has been removed, the refuse, and especially 
the weed-seed^ which have been rejected by the 
machine, shouS^ be burned. In some cases the 
caving and ebafif are for until a more 

im . : : 


convenient day, with the result that both are 
often spoiled and even destroyed by rain. This 
involves great waste and loss, for both are useful 
as food, and no pains should be spared to secure 
them while sweet and dry. 

Market Samples. The com, which is 
usually carted to a secure and dry granarv, may 
have to remain for some time until it is sold. In 
such a case it is usually essential to turn it with a 
shovel to keep it dry and sweet. Before sampling 
for market, and especially, too, before delivery, the 
com should be dressed by the winnowing 
machine, which removes all foreign material and 
any chaff still remaining, together with the 
imperf(^ct and broken grains, which are likely to 
spoil the sample. Two or throe dressings, in 
spite of the time involved, may be essential in 
order to obtain a iirst-rat(* market sample. 

Before offering a parcel of grain to a purchaser, 
it is well carefully to till a bushel measure, strike 
it clean, and Aveigh it, in order that the buyei- 
may be informed as to its natural weight. A 
market sample should be as perfect as possible, 
but honest, and taken from bulk, for the com 
delivt‘red will liavc^ to eoiT(‘spond with it. 
Samples may be offered to responsible eorn- 
doalc‘rs or millers, or to merchants in general on 
the Kxchang(‘. As it will b(‘ necessary to name 
a price when an offer is made, the of)inions and 
oxperienct* of other growers may be obtained, 
and especially those who have already effected 
sales. When a fair price is offered by a respon- 
sihl(‘ biiyr'P, it is w(*jl to sell in times like the 
present, for delay, instead of bringing ljett(‘r 
prices, is more oft(‘n aocom[>anied by a fall, 
'rhe retention of eoni, \Ahethei- in the rick or 
the granary, involves additional labour and 
loss by vermin or birds, or both. 

Potatoes. Potatoes, still harvested on a small 
scale by digging with the fork, ai’o usually lifted 
with a ])otato plough or a modern harvester, 
one or two patterns of which both sort and bag 
the tubers at one operation. The earlier potatoes 
are harvested when sufficiently large, and when 
good prices are commanded, but the main crop 
must not bo lifted until the skin is ripe and 
adheres to the potato without peeling when 
rubbed. Potatoes, when dug, are usually left 
on the ground to dry and mellow before 
bagging. Care must be exercised in sorting the 
ware (marketable) and the chats (the small), any 
unmarketable potatoes being kept apart, Avhilc 
those diseased must be entirely excluded. 

Potatoes are preserved by clamping in a 
mamier similar to that adopted with mangels 
and swedes. The bed should be^ dry and 
trenched around the outside, the potatoes packed 
and piled upon clean, sweet straw, heavily 
covered Avith the same material, and later on 
with at least six inches of dry soil 

Where disease is suspected, or actually exists, 
care must be taken to remove tainted tubers. 
Some growers sprinkle the sound tubers in such 
a case with lime, to prevent further extension 
of the disease, but the practice had better bo 
'adopted on a small scale as an experiment, until 
it is asoortained whether it piPViss suoic^ul. 
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The potato clamp should be well ventilated and 
examined two or three times at least during the 
winter, if the crop is kept so long, so that in case 
trouble is discovered a sale may be effected. 

Mangels. Mangels are harvested before the 
arrival of frost, which they cannot withstand. 
They are pulled, and the tops twisted off by 
hand, cutting being objectionable. The bulbs 
are left in rows or heaps on the ground to dry, 
and, where frost is liable to follow, covered with 
the leaves until they are carted. The leaves are 
subsequently left on the ground and ])loughed 
into the soil, in which they act as manure. 
Mangels are prc'served in heaps or clain[)s, and 
protected by the aid of straw’ and soil, as we have 
suggested in the case of potatoes. 

Preserving Swedes, Carrots, and 
Parsnips. When swedes are lifted, the toj)s 
should be cut off, but not the roots, common as tho 
plan is. Although in the milder districts they are 


some districts, however, mangels are preserved 
in heaps of very considerable si7.e near the cattle 
houses, without regard to width or height ; hut 
no plan is more successful than that clescribed. 

Carrots are preserved in the same way tw 
swetles, while parsY}ipSy w'hich are hardier, may 
be left in tho ground until required, although it 
is wi.ser to dig and clamp them in order that the 
ground may he ])loughed for a future crop. 

Harvest Labourers. Harvesting in 
general demands (^xtra labour on the farm. 
Largo nuinbers of excellent Irish workmen 
annually leave their homes for Kngland and 
Scotland to assist in the w'ork, and, like the 
regularly employed men, obtain a. higher rate of 
pay. wdiich is ruicessarily deniand(‘d at such a 
period. Payment is made for harvesting either 
by the month, the week, or the day. The last 
is applicable only to temporary hands. Soiuo- 
tiines, however, the men are paid by the job, 
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frequently left in the field, and consumed by sheep 
in early spring, swedes are alw’ays liable to bo 
destroyed by heavy frosts. They may be pulled 
and laid in row^s, and covered with a little soil 
by tho plough, or laid in small heaps in tho field, 
and covered with soil with the spade, or, lastly, 
they may be carted, like mangels, and clamped. 
Plampa should always be made in well-selected 
positions, where frost and rain will be least felt. 
The roots should be well matured and well 
protected with straw and soil, but it is important 
that they should be weathered in the field before 
carting, this plan hardening or toughening the 
skins. Diseased roots should be rejected. 

A ctomp is triangular in form ; ite width at the 
base shotild not exceed 7 ft., and the bulbs should 
be pil^ to a height not exceeding 4 ft. to 5 ft. 
Oocasio^ openings should be left in the ridge 
for Ventilation, these being filled with straw. In 


10s. to 12s. per acre not being uncommon. The 
terms asked are sometimes regulated by custom, 
tho same price being paid from year to year, at 
other times by competition. The farmer is 
guided by the terms prevalent among his iicigh- 
fSours ; the men by those which have been made 
by the labourers on adjoining farms. Liberal 
payment usually secures reliable men and goo<l 
work ; but no stipulation should be made for the 
provision of unlimited beer, which frequently 
causes outbreaks of temper, quaiTols, and dis- 
putes, not only between master* and men, but 
DOtw'cen the men themselves. It is doubly 
economical to provide harvest men with coffee, 
tea, cocoa, liberal supplies of milk, or a drink 
made by the aid of oatmeal, sugar, and lemon- 
juice, if they are agreeable to accept it, rather 
than to supply beer as part of the money bargain. 

JAMES LONG 
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Elements and their Compounds in Nature. Hydrogen, 

Sodium and Soda, Potassium and Gunpowder, Calcium. 

THE ELEMENTS IN DETAIL 


I T has bci'ii noted that occasionally the elc- 
monta occur in the native, free, or uncom- 
biiied state in Nature. We may make a note 
of some of these cases. 

Oxygen and nitrogen occur in abundane(‘ in 
the atmosphere. Free hytlrogen also occurs in 
very minute quantities. It is somewhat more 
abundant in the neighbourhood of volcanoes. 
Troll occurs in the free state in certain meteors, 
as does the elenuait nickel. Carbon occurs in 
several forms, as coal and charcoal, d('riv(‘d from 
the bodies of vegetable organisms long dead. 
It occurs also as minut(‘ crystals, very mis- 
leadingly calUid blacklead, and bettc'r named 
(jmphitpy because this form of carbon is used in 
pencils for writing purpose's (Grei'k, gmp/io, i 
write). Thirdly, carbon occurs in the form of 
larger crystals, which we call diamouds. Sulphur, 
like hydrogen, is found free in the* neighbour- 
hood of volcaiKM's ; arsenic, antimony, and 
bismuth occur fns' in very small quantities in 
various parts of the* world : the very valuable 
clement platinum is fouiul free in tiny particles 
mixed with the sand of some rivers in ITussia 
and South America. Silver and gold occur fns' 
in many parts of the world. Mercury is some- 
times found as such in California, an<l fre(‘ 
eojjper occurs near Ijake Superior. 

Elements in the Stars. But hitherto 
we have spok(‘ii only of the distribution of th<* 
elements on the earth. We must sec if these 
elements occur anywhere else. Are th(*y 
found in the stars or the sun, and, if so, do they 
occur in the free state or as comjiouiids ? This 
is one of the most fascinating and important 
subjects in the whole lealm of sei(‘nce, and it 
will ho dealt with in a s])ecial chapter at the. end 
of this section. Meanwhile, however, we may 
briefly note that the eh’ments we know on the 
earth arc found, and an' found in tlu'ir free state, 
in the sun and the stars. In general, we may 
say that the elements most abundant on the 
earth are the most abniidant in the heavens. A 
still Tnore remarkable fact is that we are 
scarcely acquainted with any clement in any of 
the heavenly bodies which is not to be found 
on the earth. There have been exceptions to 
this rule, but, })erha])s, only tem])oraiy ones. 
For instance, the gas calleil lu'lium was first 
discovered in the sun, as its name implies, but 
it w'as subsequently found on the earth in the 
rare mineral cleveite. 

Elements found to be Combined, 

By far the grertter mass of all the matter with 
which wc are acquainted consists of compounds 
of the elements, and wre must now learn to 
recognise these compounds by the names given 
them by chemists. Of course, their number is 
almost endless, but here we are concerned 


merely with the principal ones. The eoni[)Ounds 
of four elements — chlorine, bromine, iodine, and 
fluorine — have various names, which we shall 
st'c later, but those that occur in Nature arc 
called chlorides, bromides, iodides, and fluorides 
Of the.se, the chloride of sodium is common salt, 
and as the Greek w^ord for salt is hals, these four 
elements are often called the halogens — that is, 
th(‘ '' salt ‘makers."' Hence, their compounds 
may be recognised under tlu* general term of 
halides. Very common also are certain com- 
])ounds of oxygen and sulphur, wdiich are called 
oxidt's and sulphides. The rule is that the 
termination ide is applierl to a compound which 
contains two eleim'iits — as, for instanee, sodium 
chloride {Na(‘l), each molecule of which contains 
one atom of sodium and one atom of cldorine. 

A great many of th(*s(‘ compounds are able to 
combine with each other, forming double com- 
pounds, such as the double chloride of magnesium 
and ])otassium, or that of magnesium and 
sodium. Nearly all the salts of sea- water exist 
in this complex state of loose union. 

Acids, Bases, and Salts. We have 
said that tlie compounds of oxygen are (‘ailed 
oxidc^s, but this term is only applied to one 
half, so to speak, of the compounds of oxygen — 
those which w(‘ have already eallod bases. A 
s])ecial name is giv(*n to the douhki oxides of 
hydrogen and the non-metals. Those arc' 
called acids; for instance, sulphuric acid, 
is a double oxide of hydrogim and sulphur, 
which is a non-m(*tal. On the other hand, 
caustic soda, NaOH, is a doubles oxide? of hydrogen 
and a. metal. These last wo call hfdro.ddes. 
Thus the technical name for soda is sodium, 
hydroxide. In tbo ease of the acids, for con- 
venience, we wTite the hydrogen first in the 
formula, so as to indicate that they are a(;ids. 

Now, when these two kinds of oxides — 
namely, the acids and the hydroxides — an? 
mixed* w'ith one another, there frequently occurs 
a. rearrangement of their elements, which is 
called a double decomposition. For instance, 
when sulphuric acid and soda arc mixed, the 
metal of the hydroxide displaces the hydrogen 
of the acid; thus, instead of HoSO^, we get 
Na.^SO^ ; while the displaced hytlrogen unites 
with the oxygen which is left over, to form 
water. The name given to the douj^c oxide 
now formed, sodium sulphat-o, which is a double 
oxide of a metal and a non-metal, is a salt. Wo 
have already seen that this term salt is also 
applied to the halides, such as common salt 
or sodium chloride. 

Preparation of Elements. Given, then, 
that wo have a number of compounds of 
the elements, and that wc wish to obtain the 
pure elements from them, how are we to 
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procood ? There are three possible methods of 
breaking up the compound and obtaining ih(' 
element desired. 

In the fird place., wc may break up the com- 
pound by electricity. This is possible only 
when the compound can be dissolved or melted, 
and when it is a substance which conducts 
electricity. If these conditions are satistied, 
we may ])ass an electric current through the 
compound, and may obtain the freed t^lements 
by this means. The simplest and most im- 
portant instance of the employment of this 
method is the passage of an electric current 
through water, which is decomposed and pro- 
vides us w'ith free hydrogen and free oxygen. 
In other w'ords, the electricity splits the water 
up into two invisible and colourless gases which 
have not the smallest resemblance to it. This 
process of i)assing eleciricity through a liquid, 
by means of whieli the liquid or some substance 
contained in it undergoes decomposition, is 
known as electrolysis ; it need not further be 
discussed here, as it is dealt with in Electricity. 

Other elements that may be prepart'd by 
means of this method are sodium and potassium, 
barium, calcium and strontium, copper, silver, 
gold, and fluorine. 

This prineiplt^ is of very great practical im- 
portance, since it is the tissential one of electro- 
t)latiug and electrotyping, each of which is 
separately discussed in the Self Educator. 

The Action of Heat on Compounds. 
But, in the second place, a compound may also be 
lesolved into its constituent elements by heat. 
Jt is believed that when the temperature is 
sufficiently high, no compounds can exist, but 
though this nudhod is thus theoretically applic- 
able to all cases, th(‘r(i arc not very many in- 
stances in which it is of practical use. One or 
two niay be noted. The very useful clement 
sulphur frequently occurs in union with iron, 
as what is called iron pyrites. When this is 
heated (say, for instance, in a hard glass tube) 
some of the sulphur is given off, and can be 
immediately seen, because it produces a yellow 
coating upon the glass. 

The prej)aration of oxygen by this method is 
of historic interest. Priestley discovered oxygen, 
as we saw in our second chapter, by this method. 
Ho applied heat to the red oxide of mercury 
(HgO). and thus decomposed it, driving otf free 
oxygt'ii, which he w'as able to (collect after 
passing it through water. Very shortly after- 
wards the Swedish chemist Scheele obtained 
oxygen by heating another of its compounds, 
the oxide of manganese, or manganous oxide, 
having the formula MnO j. 

But by far the most common method of 
preparing the free elements is, in the third place, 
by displacing them from their compounds by 
nieans of their action on another element. The 
displacing elements usually employed are sodium, 
which turns out magnesium and aluminium 
from their compounds with .the halogens ; hydro- 
gen, which turns out a number of elements, 
such as iron, tin, lead, arsenic, and the like ; 
and carbon, which is really the most important 
of all, because, io begin with, it turns out the 
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hydrogen and sodium themselves, and thus 
enables us to use them for turning out other 
eleinents. C-arbon also turns out the metallic 
elements potassium, zinc, tin, lead, phosphorus, 
arsenic, and bismuth. 

The Groups of Eleinents in Detail. Wo 

must now proceed to consider the groups of the 
elements in detail. The first group wo will take 
consists of hydrogen, sodium, and potassium. 

Hydrogen (literally the ‘‘ water-maker,” be- 
cause it is otK^ of tlu' constituents of watur) has 
bi‘en recognisc'd as an element ever sineci the 
w'ork of the great (\av(‘ndish, already referred to. 
It occurs on the earth to a small exU'iit in a free 
state, and to a very large extent as a compound, 
as we have already noted. It is presi'ut in vast 
quantities in the stars, and the sun is compleb'ly 
sui rounded by an atmosphen' of hydrogen. 
Many of the stars are so (miinently characterised 
by the amount of hydrogen they contain that 
they are generally di^scrib(Hl as the hydrogi'ii 
stars. A typical exam|)le of such a hydrogen 
star is the most brilliant star in the whole 
lu'avens, Hiriiis, or the Dog-star. 

The preparation of hydrogen is most commonly 
elTected by the action of metals upon acids. We 
havt^ already seen that an acid always contains 
hydrogen. Hero k't us note that the reader 
must not b(^ confused by carbonic acid, CO.^. 
This is really an acid without its w'ator- an 
anhydride. Its full formula would be Ho(X).j. 
(Compare potassium carbonate, Wo 

can obtain the hydrogen by itself if we turn it 
out from the acid by means of a metal which 
tak(‘s its place. The usual substances employed 
aiH^ sulphuric acid (H.^iSO,) and zinc. The re- 
action is H'pn'sented by the formula 

H.SO^ -f Zn - ZnSO, -f H.. 

VVlien it is (haired to obtain hydrogc'ii in much 
larger quantitii's the (*l(*m(*ut may be obtained 
from water by tlu^ interaction of red-hot iron 
and .steam or by tlu* action of .steam -that is 
to .say, gaseous water on red-hot coke. Th(^ 
coke, wdiich is carbon, takes the oxygen from 
the water, h'aving tlu^ free hydrogen. When 
prepared by this nu'thod the gas is impure, 
because it is mixi'd w ith a certain amount of a 
compound of t;arbon and oxygen. 

Properties of Hydrogen. Hydrogen 
is a colourle.ss, odourless, tasteless gas, the 
lightest of all known substances. It is under- 
stood, of cour.se, that the ether of the physicists, 
not to be eonfirsed with etlu'r, the chemical 
compound, is excepted when w<^ make this 
statement : of all the known kinds of what the 
chemist calls matter, hydrogen is the lightest. 
On this account the w^dght of this element has 
been taken as the unit for comparison with the 
weights of othei* elements. I'lu^ weight of 
hydrogen is le.ss than that of water, and 

its density is about *07 that of air. Hence it 
may be poured upwartl from om^ jar to another. 
So light’is hydrogen that light vessels filled with 
it will rise in aii'. Tluj first balloons were filled, 
not with hydrogen, but merely with hot air. Of 
course, as soon as tlu? air cooled, the balloons 
descended ; but balloons are now filled with 
hydrogen, and can float for an indefinite period. 
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The gas is only very slightly soluble in water, 
the universal solvent, which is capable of dis- 
solving at least some quantity of nearly all 
substances. One hundred volumes of water 
will absorb about two volumes of hydrogen. 
The gas may be breathed without causing any 
deleterious cfTccts to human beings or animals, 
but it is incapable of supporting life, nor will 
it support combustion. 

Liquid and Solid Hydrogen. Until 
recent years hydrogen had never been con- 
verted into a liquid, still less into a solid, but 
both these feats have been accomplished by 
Sir James Dewar, the famous professor of 
chemistry at the Royal Institution, I^ondon. 
Liquid hydrogen presents no striking appear- 
ance. It is by far the coldest liquid that can be 
obtained. When it is rapidly evaporated under 
certain conditions its temperature is still further 
reduced, so that a small quantity of frozen 
hydrogen represents nearly the low'cst tempera- 
ture yet attained by the chemist. It is probably 
about 200^^ below the freezing-point of water. 
This is reckoned on the Centigrade scale, in 
which the freezing-point of water is zero, so we 
may say that the tcunperature of solid hydrogen 
is about - 2(10” C. The recent ability to 
liquefy hydrogen has been of great use in the 
study of low temperature chemistry, because 
by its means very low temperatures can be 
(Conveniently obtained and maintained. 

Certain substances such as carbon and many 
metals have the power of absorbing hydrogen 
in a very extraordinary fashion. The rare metal 
palladium, for instance, absorbs about 000 
timers its own volume of hydrogen. We cannot 
doubt that this is more than a merely physical 
action ; there must be some sort of chemical 
combination. The hydrogen taken up in this 
form by a metal is known as occhuled hfjdrogen. 
When the metal is heated the gas is given off 
again. Iron, similarly, has the power of occlud- 
ing hydrogen, and thus tlio gas is somoiimes 
found in the iron that has reached the earth in 
meteors or shooting stars. 

Hydrogen and the Halogens. Reference 
has already been made to the group of substances 
known as the halogens— chlorine, bromine, 
iodine, and fluorine. Each of these substances 
unites with hydrogen to form an acid. Of these 
the most important is hydrochloric acid. (HCl). 
The most injportant compound of hydrogen, of 
course, is water, w’hich is really the oxide of 
hydrogen (HjjO). Wlien the two gases hydrogen 
and oxygen are mixed in the form of jets and 
ignited, they unite, producing a very intense 
heat. This oxyhydrogeii jet is largely used for 
heating lime, which then becomes luminous, 
thus producing the brilliant light, used in lanterns, 
known as limelight. 

If we compare a simple acid, such as hydro- 
chloric acid (HCl), with a salt of that acid, sueh 
as sodium chloride or common salt (NaCl), 
we see that there is a certain resemblance in 
chemical behaviour between hydrogen and a 
metal In general we may say that an acid 
differs from 8 salt in that the %drogen of the 
first replaces the metal of the second. 


Thus it was for long thought that hydrogen 
was really a metal, and that 3 wo could obtain 
it in a solid form it would have metallic charac- 
ters, but now that hydrogen has been solidified 
this view has to be abandoned. 

Sodium. This exceedingly important ele- 
ment has a very wide distribution in Mature ; 
it is a constituent of common salt, it is a neces- 
sary constituent of all or nearly all living tissues, 
and it occurs in enormous quantities in the form 
of many other salts found in the soil and in 
minerals. Finally, it is abundant in the sun and 
in the stars. Sodium, when heated, yields a 
brilliant yellow light which is very characteristic. 
It is so universally present that in ^practical 
chemistiy there is no little difficulty in getting 
rid of all traces of it. It is nowhere found free 
or uncombinod on the earth, though, no doubt, 
it exists in the free state in the sun and stars. 
The symbol for sodium is Na, and its atomic 
weight is about 23. This element was discovered 
by Sir Humphry Davy in 1807. Davy was one 
of the greatest of English chemists ; he invented 
the safety-lamp and discovered laughing-gas ; 
he w'as connect (‘d with the Royal Institution ; 
and the famous laboratory in Albemarle Street, 
where Sir James Dewar has made so many great 
discoveries, is known, after Davy and Michael 
Faraday, as the Davy- Farad ay laboratory. 

Davy obtained sodium by passing a very 
powerful current of electricity through th(‘ 
hydrate of sodium (NaOH), previously fused 
or melted. The metal is now prepared in a 
different manner, by heating a mixture of 
carbonate of sodium and charcoal. 

Characters of Metal lie Sodium. When 
the metal is obtaint'd, it is found to bo of a 
silver-white colour and very soft, so that it 
can bo readily cut with a knife. It is ex- 
ceedingly light, and floats on water. It has an 
intense affinity for oxygen, which it immediately 
takes from water. Thus, when sodium is 
thrown on to water decomposition occurs, 
and evolves free hydrogen, which immediately 
bums in combination with the oxygen of the 
air. When sodium is exposed to air, the 
surface rapidly tarnishes, owing to the formation 
of a film of oxide of sodium. This oxide of 
sodium is formed when sodium is thrown upon 
water, but it also combines with some more of the 
water that is present, forming the substance 
known as caustic soda, or sodium hydrate, 
which has the formula NaOH. The equation 
represented in this decomposition runs as 
follows: 2H.,0 -f Na.^ = 2NaOH -f H,. 
As the equalicTn indicates, free hydrogen is formed 
in this reaction. Caustic soda ha43 v^ powerful 
alkaline properties. Sticks of solid caustic- 
soda consequently have a very powei^ul solvent 
action on the skin, and were formerly used to 
remove warts. But radium is best for that. 

When either the oxide or hydrate of sodium 
meets with carbonic acid (COg) it forms a com- 
pound known as carbonate of scKlium, which has 
the formula NagCO’,. As this usually occurs, 
however, in its crystalline form, there is com- 
bined with it a quantity of water. Water which 
thus combines with salts in the formation of 



crystals is known to the chemist as water of 
crystallisation. The number of molecules of 
Mi'ater that combine with one molecule of car- 
bonate of sodium is 10, so the formula of the 
substance in its crystalline form will read 
NaaCO;^, 10 HoO. On exposure to air, however, 
the" water tenSs to leave the crystals, which 
break down and fall into powder. This tendency 
to lose their water of crystallisation is a general 
characteristic of the salts of sodium. The 
property is known as efflorescence, the opposite 
of which is deliquescence — liquefaction due to 
the taking in of water. 

‘•Washing’* and “Baking” Soda. 

Carbonate of sodium, known to the housewife 
as ‘ washing soda,” is found in Nature to a 
small degree in soda lakes, in the water of 
some geysers, and also in the soil. It used to 
be obtained in considerable quantities from 
certain marine plants. These were burnt, 
their ashes were treated with water, the solution 
thus obtained w^as evaporated, and yielded a 
very impure form of sodium carbonate, or soda, 
Avhich was known as barilla. This was largely 
used in the making of soap. 'J'he process has 
now’, how'ever, fallen almost completely into 
disuse, because the salt can now be prepared 
much more satisfactorily by other means. Of 
these the first is known as the Leblanc process, 
and the second as the ammonia process. 

The bicarbonate of soda, or baking soda, 
differs from the last in that it contains twice as 
much carbonic acid in proportion to the sodium. 
Its formula is NaHCO.j. It is a white powder, 
somewhat less soluble in water than washing 
soda ; it is largely used in medicine, as a non- 
iiTitant alkali. 

Borax. Several other salts of sodium are 
important. The borate, for instance, is known 
as borax. Its full chemical name is biborate of 
sodium, and it occurs in large quantities in Borax 
Lak(% ('alifornia. It used also to be obtained 
from lakes in Tibet. It may also be pre]>ared by 
t he union of carbonate of soda and boraeic acid. 
It is used in medicine, in glass-making, as an 
enamel, and for other technical jmrposcs. It 
usually occurs in the form of prismatic crystals 
which, like those of carbonate of soda, have 10 
moleenles of water of crystallisation. 

The nitrate of sodium (NaNO.j) is often 
known as “ Chili saltpetre,” or sometimes as 
cubic saltpetre, because its crystals are very 
nearly cubical. It occurs in the soil in various 
parts of South America. Like ordinary saltpetre, 
it is used in making nitric acid. 

The silicate of sodium, known as “soluble 
glass,” is soluble in water ; it is used for fire- 
proofing. Sodium phosphate is a constant con- 
stituent of the animal body and a necessary 
ingredient of the diet of man and all animals. 

Potassium. Potassium is an important 
metal, which has many resemblances to sodium, 
fte symbol is K, and its atomic weight is 39 ; 
it ww discovered by Davy at the same time as 
the discovery of sodium, and in the same way — 
by pacing electricity through fused potash, 
fot^um is abundant in Nature, but, like 
sodium, is never found in the elemental state. 
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It occurs in all living tissues, and when plants 
are burnt it remains in the ash, hcnco the name 
potash or potashes. It is an important in- 
p*edient of sea-water, and occurs abundantly 
in the form of its nitrate in the soil of certain 
parts of South America. 

Preparation of Potassium. Potassium 
is now prepared in similar fashion to sodium, by 
means of the interaction of charcoal and the 
carbonate of potassium. The charcoal (which is 
simply^ carbon) and the carbon in the carbonate 
unite wdth the oxygen of the carbonate to form 
a poisonous gas, carbonic oxide (CO), leaving the 
])otassiiim behind in the form of a gas, which 
solidifies inside a flattened box of metal that 
receives it. There is some dangt'r in the manu- 
facture. The decomposition is represented by 
the formula K.jCO.j -f C., = K. -f 3(X). 
(Potassium carbonate plus cliarcoal — Potassium 
plus carbonic oxide). 

Thus prepared, the element is found to be a 
whitish metal which strongly resembles metallic 
sodium. It floats on w'ater, which it decomposers 
in a similar fashion to that of sodium. When 
sufficiently heated— and the same applies to any 
salt of potassium - it yields an exceedingly 
beautiful violet colour, which contrasts markedly 
with the brilliant yellow colour yielded by 
sodium. Like sodium, potassium forms certain 
oxides or compounds with oxygen, but these 
are of no practical importance. 

Caustic Potash. Potash is of great inr 
port an ce. It is otherwise known as caustic potaslb 
potassium hydrate, or potassium hydroxide. Its 
formula is KOH — which may be compared with 
the formula of water, HOH, usually written for 
convenience H.^0. When wo make ibis com- 
parison, wo see that the dilTcrcnco between 
|K)tash and water is that one-half of the hydrogen 
of the latter has been replaced by potassium. A 
similar statement is true of caustic soda. Potash 
is formed by the action of potassium on wat<M‘. 
It is }>repared for practical purpose's by a pro- 
cess similar to the Leblanc soda process. The 
potassium is obtained from potassium chloride, 
which occurs in enormous quantities at Stass- 
furt. This yields potassium carbonate, and from 
the latter, by its interaction with slaked lime 
(solutions of the two being boiled), there is 
obtained caustic potash, KOI I. This is usually 
cast in the form of sticks. It is a very powerful 
caustic, very similar in properties to caustic 
soda. It has great affinities for water and 
carbonic acid, and is very largely used as a 
reagent in chemistry. 

As we have seen, the ashes obtained from 
burnt plants were called potashes. The carbon- 
ate of potash, now’ prepared as wc saw in the last 
paragraph, may still be obtained by burning 
wood, in places where wood is cheap and abun- 
dant. The plant does not manuf act lire its 
potassium carbonate, but takes it ready-made 
from the soil. It is a necessary ingredient of all 
soils in which plants arc to grow, and, if deficient, 
must be added in the form of a manure. The 
purer form of potashes, obtained by recrystallis- 
ing the crude product, w'as called pearUash. 
Carbonate of potassium is largely employed in 
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chemical research, in various industries, in glass- 
making, and also in the making of soap. Allsoft- 
soaps contain potassium. 

Chlorate of Potassium. Closely allied 
to <*hlorido of potassium, a white, crystalline, 
easily soluble salt, usually obtaincul from Stass- 
fiirt, is the salt known as the chlorate of potas- 
sium, KCIO.J. It is of considerable importance 
because of its largo superfluity of oxygon, which 
it is very ri^ady to give up to any substance that 
will take it. 8o ready is it that whrm mixed 
with sulphur and charcoal it forms an ex])losive 
mixture. It is an ingredient of certain kinds 
of n\atches, and it is daily used in medicine as a 
safe and powerful antiseptic, which it is in 
virtue of its ability to give off nascent oxygon. 
In simple ulceration of the mouth no (»(her 
remedy is so valuable as chlorate of ])Otash. 

The iodide. KI, and the bromide, KHi*, are of 
no great chemical importance', but they are 
among the most valuable of all drugs. The' sul- 
phate, KoSO,, is oooasionally used in medieine. 
The two salts containing ebromium— the chrom- 
ate and bichromate — are also useel in dyeing, in 
chemical research, in jihotography, and the* 
latter occasionally in medicine. The cyanide, 
K(’N, owes all its properties to the fact that it is 
practically equivalent to hydrocyanic or pnissic 
acid. It is a whitish salt used in ])hot()graphy, 
in chemistry, in electroplating, and formerly in 
medicine. It is a deadly poison. 

Saltpetre. The nitrate of potassium, 
KNO.j, is usually known as nitres or saltj)etro, 
the latter name being a modern version of the 
alchemists’ name for it, which was sal petra\ or 
salt of rock. It occurs in the soil, as already 
stated, being formed by a highly complicaUxI 
and interesting process into which bacteria 
enter. [See Bacterioi.ogy. [ These bacteria 
form nitric acid in the soil by a union between 
the nitrogen in organic substances derived from 
the bodies of animals and ])lants, and the 
oxygen of the air, the process being knowm as 
vitrification. The nitric acid combines with the 
potash salts present in the soil to form potassium 
nitrate, or saltpetre. Sometimes this method is 
employed for the pr(*pa ration of saltpetre, but, 
as a rule, the salt is prepared by the interaction 
of potassium chloride and C’llili saltpetre, or 
sodium nitrate. 

Wht'n strong solutions of the two are heated 
together, a double d<*com position occurs, the 
potassium and sodium changing places, (bmn)on 
salt, or chloride of sodium, is precipitated or 
solidified in the solution, while saltpetre remains 
in it, and can thus be separated. The salt forms 
clear crystals, usually prismatic. It is very 
readily soluble in water. At high temperature 
water will dissolve much more than its own 
weight of saltpetre. 

The salt is still used in medicine, being now 
very rarely given internally, but often burnt in 
a saucer, when it yields fumes which may relieve 
attacks of asthma. It is much used in the 
making of fireworks and fuses, and also in 
ordinary chemical processes. It is a most ' 
important ingredient of ordinary gunpowder, 
of which, indeed, it forms about three-fourths. 

low 


Gunpowder. Gunpowder is really a 
mixture of saltpetre, charcoal, and sulphur, all 
the ingredients being mixed in the form of a 
granular powder. Nitre lias to be used rather 
than sodium nitrate, for this salt, contrary to 
the usual rule of sodium salts, has an affinity for 
water, and thus the powder made with it cannot 
be kept dry. It is said that gunpowder was 
invented in the eighth century. The value of 
the mixture dejiends upon the fact that when 
it is fired the saltpetre gives up its oxygen very 
rapidly to the (diarcoal and sulphur. The 
results of tho oxidation of those latter are 
gaseous, and tlie nitrogen of the saltpetre is 
also given off in gaseous form. The smoko 
wdiich is produced servos no practical purpose ; 
it consists of various solid salts, such as sulphide 
of potassium. Owing to the fjict that a very 
higli temiierature is produced, the gases which 
art^ evolved demand a large amount of sjiaco — 
about 2.500 times as much as the space occupied 
Viy the powder. It is the sudden and imperative 
expansion of these gases rapidly produced at 
such a high tornporatiire that gives gunpowder 
its ex[)losivc property. 

Alkaline Earths. The next group of 
elements which wo may <]iscuss consists of 
calcium, barium, and strontium. In their 
ek'inental form these do not occur in Nature, 
and th(‘y can be obtained in this form only 
wdlh much difticulty. When a powerful electric 
current is passed through the chlorides of these 
nu'tals in a melted state they can be obtained, 
but they are very unstable, having intense 
affinities both for oxygen and waiter. If only 
the first be supplied to them they immediately 
form oxides, but if water be present they form 
hydroxides, or hydrates. Tliosc three elements 
arc usually known as tho alkaline earths. 

Calcium. Calcium is a very wddely diffused 
element. It is a necessary ingredient of tho 
living body, especially of the bones. It occurs 
in the sun and stars in considerable quantities. 
The other forms in which it occurs on the earth 
wdll be named when its various salts are dis- 
cussed. Of these salts the most important is 
the carbonate, which has the formula CaCO.,. 
It is one of the most widely distributed of all 
minerals. It occurs in the forms of limestone, 
marble, chalk, and coral. 

Chalk consists of the calcium carbonate 
remains of the bodies of countless myriads of 
minute creatures that once lived in the sea. 
These have left a sort of “ shells ” behind them. 
The structure of the shells can often be detected 
with a microscope. But caloiuiii^ carbonate 
also occurs in a very largo number of crystalline 
forms, such as calc-spar, or Iceland spar, also 
in the mineral known as aragonite, and in many 
other forms. Crystalline calcium carbonate, 
when pure, is colourfess, but very frequently it 
contains various impurities, such as salts of iron, 
'which give it various tints. 

The term oolite is applied to the form of 
calcium carbonate which occurs as minute 
rounded ^ains which, like chalk, are of 
organic origin. Sometimes it is known from 
its appearance as roe-stone. This structure 
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is so common in a certain level of English 
rocks that they are known to geologists as tbe^ 
oolites. [See page 367.] 

Changes of Rocks. Under certain con- 
ditions the carbonate of lime, or calcium, is 
constantly liable to undergo a very important 
change, which plays a great part in geology, for 
it brings about a number of the slow but in- 
cessant changes which determine the form of 
the earth’s surface. The process is simple to 
understand. On the earth arc rocks containing 
carbonate of lime, much of which acta as a 
sort of cement, holding rocks together. In the 
air is a quantity of carbonic acid, COo. As 
rain falls it absorbs some of the acid. The” rocks 
are thus constantly exposed to the action of 
carbonic acid in solution, and this produces a 
very important change. Carbonate of lime is 
converted into bicarbonate. 

When a salt contains twice the usual amount 
of the acid constituent — which in this case is 
carbonic acid — its character may be indicated 
by using the prefix hi, from the Latin his, 
twice ; or it may be described as an acid salt, 
in order to indicate that it contains a certain 
amount of acid, which, so to speak, is ‘‘ to 
span\” There is this great distinction between 
the carbonate and the bicarbonate — that, while 
the first is quite insoluble in water, the second 
is readily soluble ; hence the supporting structurt^ 
of the rocks is broken down, and they are washed 
away, as sand or clay, to form what are called 
alluvial plains. Thus mountain ranges are 
slowly crumbled away. 

Stalactities and Stalagmites. Another 
important change produced in a similar way 
consists in the fortnation of what are called 
stalactites and stalagmites. The first consist of 
long crystals of carbonate of lime, which hang 
down in very striking fashion from the roofs of 
limestone caves, looking very much like icicles. 
They occur along the lines where there . are 
cracks or joins in the roof of the cave — that is 
to say, along the lines where water from above* 
drips through. As the drops fall iijjoii the lloor 
of the cave the process which resulted in the 
formation of the stalactite continues, and tluu’e 
is built up from the floor a sort of pinnacle which 
is known as a stalagmite, and which grows uj) 
to meet a stalactite growing from above. Often 
they join, forming pillars of indefinite thickness. 
Now, how does this process occur ? 

The water that percolates through the roof of 
the cave brings with it a quantity of carbonic- 
acid derived from the air, and is thus enabled to 
dissolve some of the carbonate of lime from the 
rock through which it passes, with the formation 
of bicarbonate. But when the drop reaches 
the surface of the roof of the cave, and begins 
slowly to evaporate, the extra carbonic acid in 
the bicarbonate can no longer be retained. In 
other words the bicarbonate undergoes decom- 
position, ^delding the insoluble carbonate, which 
is immediately deposited. A similar process 
occurs when the <fiop reaches the floor. The 
action may be represented by the formula 

CaCHCOj)* « HjO + COa + CaCOj. 


Attempts have been made to estimate the age 
of caves by means of the size of the stalactites 
and stalagmites which they contain, but theses 
are highly unsatisfactory. Needless to say, 
stalagmites do not occur except when the floor 
of the cave is suflicicntly level. 

Hard and Soft Water. The difference 
between hard and soft water depends entirely 
upon the fact that the former contains more 
than a certain (luantity of bicarbonate of lime 
in solution, whereas the soft water contains 
very little, or none. But two kinds of hardness 
are distinguished in water, one which depends on 
the presence of the sulphate of calcium, and is 
called permanent, while the other def)ends upon 
the presence of bicrarbonate of calcium, and is 
called temporary. It is this alone that concerns 
us here. 

The adjectives are applied to indicate the 
fact that, in the latter case, the hardness 
can be removed with comparative ease. Per- 
haps the simplest way of removing it is by 
boiling the water, which decomposes the bicar- 
bonate exactly according to the equation given 
above to explain the formation of stalactites. 
Another way of getting the bicarbonate of lime 
out of the water is by adding more lime to it. 
The lime that is to bo added is usually known 
as milk-of-limo ; chemically it is called calcium 
hydroxide, and its formula is Ca(OH)y. 

How to Soften Water. This substance 
is only very slightly soluble in water, but when 
it is partly dissolved and partly suspended in 
water it forms the opaque white fluid which is 
called milk-of-lime. Now, when this is added 
to water containing the bicarbonate, the milk- 
of-lime takes from tlie bicarbonate its extra share 
of carbonic acid, which it combines with itself 
to form carbonate of limes and this same salt is 
also formed from the bicarbonate when it has 
lost its extra carboni(5 acid. If the water is now 
filtered or is allowed to stand, the insoluble 
calcium carbonate is disposed of, and so the 
water is made soft. The following formula 
represents the deco mj)osit ion ; 

Ca(HCO;.), = 2(^aCO..i + 2H..O. 

(Calcium bicarbonate plus calcium hydrate 

= Calcium carbonate plus water.) 

Calcium carbonate may further be used to 
illustrate some other simple chemical changes. 
For instance, if limestone consisting of this salt 
be raised to a very high temperature, it und('r- 
goes a decomposition according to the forniula 

CaCO., = CaO 4- CO,. 

The carbonic acid is driven off, and there is left 
behind the oxide of lime, CaO, or quicklime. 
This quicklime has an exceedingly strong affinity 
for water. When this thirst is slaked by the 
addition of water, the oxide of lime is converted 
into the hydrate, or hydroxide, of lime mentioned 
above, which is commonly known as slaked lime. 
The difference between these two last substances 
is typical of the difference between an oxide 
and a hydrate or hydroxide. 

C. W. SALEEBY 
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GROUP 7-HISTORY - THE STORY OF ALL AGES AND PEOPLES-CHAPTE R 9 

The World’s Capital City a Splendid 
Arena for petty Personal Ambition 

THE GRANDEUR THAT WAS ROME 


"Tiberius was no longer young when he 
succeeded to the Principatc/' Ui 
Empire. He was experienced botli as 
a soldier and as an administrator ; he 
had rendered invaluable service under his 
stepfather ; but a naturally morose and 
gloomy disposition had been embittered 
by the harsh treatment he had received 
from the old emperor. 

As a statesman he was opposed to any 
expansion of dominion beyond Hie lines of 
the three rivers, the Rhine, the Danube, 
and the Euphrates ; he himself had had 
personal experience of the difficulties of 
campaigning in what is now Germany, 
He held the Empire with a strong hand, 
and his legates and procurators knew that 
they would be called to strict account, 
regardless of wealth or family connections, 
if they misconducted themselves seriously. 
Consequently, for the Empire as a whole, 
the reign was a prosperous one. His half- 
nephew, who is known as Germanicus. 
conducted, somewhat against the wishes of 
Tiberius, campaigns which were reputed 
to have been brilliantly successful among 
the German tribes, though there was little 
enough to show for them ; and the pres- 
tige of the Roman arms was maintained. 

The picture we have of Tiberius is by 
Tacitus, who was concerned rather with 
the affairs of Rome and Italy than with 
the ICmpire at large ; and in Rome and 
Italy the reign was almost a nightmare ^ 
at least during its later years. Germanicus. 
who was extremely popular, was recalled 
from Germany and died while on an 
Eastern tour, amid strong popular sus- 
picions of poisoning. Tlie harsh and 
unpopular emperor liimself became the 
object of plots ; the city \vas filled with 
informers, spies who grew rich by denounc- 
ing real or imaginary plotters. It would 
seem that no man of prominence felt that 
his life was safe. 

Tiberius withdrew to the island of Capri, 
where he was reputed to be living a life of 
hideous debauchery. He left as the master 
of Rome the praefect of the prcxdorians— 
that is, the officer commanding the prae- 
torians, or bodyguard, a great body of 
picked and privileged troops quartered in 


the neighbourhood of Rome. This man, 
Sejamis, designed to use his position to 
seize the im]')crial purple for himself. The 
plot w'as discovered, and with appalling 
suddenness the favourite was struck down 
from his high estate and was put to an igno- 
minious death, with all his kin. His name 
has passed into a ])r()vcrb. In the twenty- 
third year of his reign the old emperor 
was done to death by some of his attend- 
ants, and all Rome breathed more freely. 

The successor of Tiberius, chosen by the 
praetorians, was Gains Cccsar, the son of 
(xermanicus, better known by his nickname 
Caligula“--a pet name for him among the 
soldiers in his boyhood. Not long after he 
became emperor, Caligula w’as sei;^cd with 
a severe illness which unsettled his reason, 
and his name has become a byword for 
frantic cruelties and insane imaginings. 
The grotesque horrors of his rule were 
ended by his assassination, when the 
praetorians, more than half in jest, ac- 
claimed as his successor his uncle Claudius, 
a feeble pedant, not without cleverness, 
but wholl}^ unversed in public affairs. 

Claudius was fifty years old when he was 
enthroned. He began his reign with good 
intentions, and gave promise of success, 
but he was weak and timid, and was always 
under some sinister inlluence. Outsi(^e 
Italy the Empire was not, on the whole, 
badiy administered. It was in this reign 
that the Roman armies invaded Britain, 
and brought the southern half of the 
island under the Roman dominion. The 
frontiers, too, were efficiently guarded. 

But at home Claudius fell under the 
absolute influence of his wife, Messalina, 
who had a short way of getting rid of 
personal or political enemies. History and 
literature have consigned the name of 
Messalina to eternal infamy, and made it 
•the synonym of profligacy and cruelty in 
woman. At last her iniquities led to her 
destruction, and then Claudius took for his 
second wife the Princess Agrippina, a 
woman as ambitious and as merciless as 
Messalina, though not so profligate. Her 
great object was to secure the succession to 
her child by a previous marriage. After a 
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few years she succeeded. Claudius perished, pro- 
bably as a result of poison, and in a.d. 54 the 
boy, Nero, became emperor. 

The Infamous Nero. For a time govern- 
ment was by regents, one being the jjoet and 
philosopher Seneca, but when the boy grew^ up 
he proved himself a veritable tiger’s cub. There 
was in his temperament a singular blending 
of the furious tyrant and the artistic amateur. 
He loved music ; he had a passion for the stage, 
and even for t he arena. It was one of his delights 
to drive chariots and display his skill in the 
management of horses before the assembled 
multitudes in the great Roman amphitliealn*. 
'.riie citizens of Home had thus the opportunity 
of seeing their ompcTor, who belonged to tlu^ 
family of Julius Ciesar. make exhibitions of him- 
self in this unseemly fashion. 

His reign was marked by its persecution of 
the Christians, which he endeavoured to justify 
by accusing them of having c.aused a t(MTitic 
fire in Romo which consumed half the city, while, 
according to tradition, Nero looked on and played 
the fiddle. Many of the Christians wer(‘. by his 
orders, wrap])cd up in the skins of beasts and 
.«cnt througli the public arena pursued by fi(‘r(‘(^ 
dogs, which tore them to pieces for the amusement 
of the assembled crowds. On the occasion of a 
public festival in his ]mhlic gardens, Xero had a 
number of C^hristians smeared all over with 
pitch, and at his command the pitch was s(*t 
aflame and the unfortunate (.’hristiaris w(‘r(' made 
to burn as living torches. 

The Roman Struggle in Britain. 
During his reign took place the famous rising 
in Britain under Boadicea, “ the British Warrior 
Queen.” Boadicea was the wife of a Ib-ilish 
king who ruled over the Tconi, a people occupy- 
ing that part of lOngland now known as Norfolk 
and Suffolk. U'lieii her husband died, one of the 
Roman commanders in the island seiz<‘d the 
JMiitory, made the queen a prisoner, brutally 
''COurged her, and ill-treated her daughtevs. 
Boadicea escaped from her captors and raised a 
large army to defend the British soil. Her army, 
defeated the Romans at Colchester, occupied 
Ijonflon, and destroyed in their battles, ro Taci- 
tus tells us, some 70,00() Romans. Boadicea's 
victory s(‘ems to have been only a sudden sur- 
prise which disarranged the preparations of the 
Roman garrison. The Roman governor of ihe 
island was absent in Anglesey when Boadicea's 
movement broke out, but, returning, advanced 
against her and inflicted an overwhelming defeat 
on her army. The historians state that the Roman 
army had only 10,000 men, while the British 
forces numbered 200,000, and that the British, 
loss amounted to 80,000 killed, while that of the 
Romans did not exceed 400. 

Soldier>made Rulers. Nero’s wild 
excesses and frantic tyranny had their inevitable 
result. The disgusted legions in the west, 
proclaimed their general, Galba, emperor. He 
marched on Rome from Spain; even the 
prsetorians deserted Nero, who fled from the 
capital and ^Orlly afterward committed suicide. 
Galba’s reign was very short, lasting only about 
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seven months. The lavish gifts which the 
soldiery expected from him did not come, and 
historians credit Galba with the honourable 
declaration that he chose his soldiers, but did not 
and would not buy them. Galba, during the 
short opportunity given him, did* not display 
much capacity for dealing with a great crisis, 
and made himself conspicuous only by his 
extreme parsimony and reckless severity when 
lie m(‘t with opposition. "Inhere was a risjng of 
the soldiers against him, chiefly inspired by 
Otlio, a former friend of Nero, and an ambitious 
man. Otho was proclaimed emi)cror, and Galba 
was })nt to death. 

In tlui meanwhile a new claimant had arisen. 
This was Vitellius, the commiinder of the Roman 
legions on the Rhine. Vitellius, although he 
had never displayed great military quafities, 
had succeeded in making himself ])opular with his 
soldioi's, and when the rising against Galba took 
place the legions of the Rhine proclaimed him 
emperor. His troops marclu'd to Italy, and 
defeated the troops of Otho in a decisive battle. 
This defeat so disheartened Otho that ho killed 
himspjf, and thus left Vitellius master of the 
political and the military field. Vitellius was pro- 
elaim(‘d enqxa'or at Rome. But be was nothing 
more than an incompetent glutton. 

The Rise of Vespasian in ihe East. 

The period was one of great anxiety for Rome, 
'rhere was a groat rising in the Jewish provinces, 
and ihe army sent to sulidue the insurrectionists 
was destined soon to make an historic name. 
This was Vespasian. Bom of a humble family, 
he had shown much capacity for political and 
military life, had risi'ii in the army, served in 
(Germany and Britain, and now held the com- 
mand in Syria. Tlui Roman troops in the east, 
taking ijxample from the legions of the w^est, now 
thouglit the time had come for them to assert 
their right of ek'ction, and in the city of Alex- 
andria proclaimed Vespasian emperor. 

The Building of the Coliseum. 
The troops from the Danube marched u])on 
Rome to support Vespasian, who was himself 
detained in Kgypt, while his son 'Titus was 
conducting operations against Jerusalem.- 
Vit^illius was deserted by his followers, and put 
to death, and Vespasian was acclaimed in 
Rome, where he arrived ere long. The utter 
destniction of Jerusalem by Titus, and the 
dispersion of the Jews, who no longer had a 
land of their own, are notable events of 
Vesj)asian’s reign. The emperor’s rule was 
very much like that of our Henry VII. He 
was resolved to establish order an#- econoniy, 
and had no objection to being called sordid, but 
ho removed many unfit and corrupt office-holders 
who had been put into power by Nero and other 
emperors. He reorganised the financial system, 
which was in utter confusion ; restored the 
Capitol, which had been reduced to ruins by a 
great fire ; built the Coliseum, and established a 
great public library. Wherever and whenever 
money was wanted for any purppses of value to 
-the State and the public, be always had an open 
hand. Vespasian’s health broke down in a.d.70. 
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and ho wont to rooruit his strength to bis country 
home in the Sabine mountains, but the removal 
came too late to effect any change in his con- 
dition, and in the middle of that year he died. 

A Brief but Memorable Reign. 

Vespasian’s successor was his son Titus, the 
conqueror of Jerusalerii. The impression pro- 
duc('d upon the world by his brief reign of two 
years is expressed in the well-known anecdote 
that when he felt himself unable to recall any 
generous act, performed by him since sunrise 
he exclaimed, “ My friends, I have lost a day.’* 
Yet the conspicuous event of his reign was a 
terrific calamity. At the opening of November, 
A.n. 79, a tremendous eruption of Vesuvius 
brought dt‘struction on some of the neighbour- 
ing towns, among wliich Pompeii and Hercu- 
laneum were almost entirely d('sln)yed by a flood 
of lava. Herculaneum was buried iinder masses 
of ashes and lava, and its actual site was only re- 
discovered in 1720. when <h(^ sinking of a well 
brought the workers to the ivmaius of many of 
its buildings. Pompeii was more fortunate than 
Herculaneum, because it stood fartlu'r away 
from the hurning mountain, and was covertxl 
not so much with the destroying lava a«s with 
ashes, q’he cify was, how(‘V(‘r, (tompletely 
hitiden from sight for many eeuluries. 

The Age of Satire. Titus was succeeded 
by his brother Domifian. During the earlier 
])art of his reign he pursued a course of 
moderation and justice, hut- later began to reveal 
the jealousies and passions that afterwards m.ado 
his reign a calamity. We can read impressive 
descriptions of the worst chapters of his reign in 
the life of Agricola, by Tacitus, atid his vices 
and his wanton cruelties arc? pictured in the 
satires of Ju vernal. His death was what might 
have been expected from bis life. There wc*re 
several conspiracies against him, and one proving 
successful brought him and his reign to an end. 

On Domitian’s death, the? soldiery quietly 
])ermittcd t}ie Senate to make choice of the 
elderly civilian Nerva as the nc’W emperor, 
hut Nerva strengthened his position at once 
by adopting as his junior colleague and heir the 
extremely 'capable and succc'ssful Trajan, com- 
mander of the Ic'gions on the Rhine. Nerva was 
not endowed with much physical energy, and his 
reign only lasted for two years. The news of 
Nerv^a’s death and of his own succession reached 
Trajan at Cologne, where hc' wim engaged in impor- 
tant work for the maintenance of pc?aoe along 
the frontiers and the better discipline of the 
army- He made no haste to go to Rome, and spent 
some months over his work in (jermany. Thc'ii 
he returned, and, according to his own dc?sire, 
entenKl Rome on foot, with liis empress, Pompeia 
Plotina, at his side. 

A Great Emperor. Trajan was wcdl 
qualified for the imperial dignity. Ho began 
his reigikas a reformer, and in certain paths 
of reform he remained consistent to tho 
end. He greatly reduced the amount of taxation, 
and sold for. the public benefit many palaces 
which some d the emperors preceding him had 


obtained by. confiscation. He employed much 
of the public money for the help of the poor, 
and especially for their children. He restored to 
the Senate much of tho power which had been 
taken from it by some of his despotic prede- 
cessors. Ho promoted public works partly as 
a means of finding work for tho unemployed, 
tho making of roads, the draining of marshes, 
and the creation of new seaports, some of 
which were created at his ovm cost. 

He founded a groat library, and caused the 
erection of many splendid ])ublio monuments^ 
among them the Trajan Column. Especially 
noteworthy is his “ rescript,” or instruction, to 
tlie provincial governor Pliny concerning tho 
persecution of Christians. They were not to 
he hunted down, but people who refused to 
sacrifice to tho “ Deity of Rome and tho Empire ” 
must suffer the ])oria'tv of high treason if they 
persisted after admonition. 

Imperial Expansion. Besides biding a great 
ruler, Trajnn was a groat and ambitious soldier, 
who extended th(? Emiiire. His reign saw as many 
military enterprises and invading expeditions 
as that of any Roman emperor. Some of iheso 
he (?onduoted himself. Hc er»‘atcd by conquest 
tho Itoumanian province.s, which *still retain on 
tlie Danube the traditions of old Romo, and 
brought many Asiatic r(‘gions under tho sway 
of Rome. Historians toll us he declared that 
if he were a yoimg(‘r man ho would undertake 
the subjugation of the Indies. But. liis conquests 
w'(?re not, in most oases, of a lasting character. 
He died, while engaged in military op(*rations 
ill tho Par East, in August, 117, after a reign of 
lU'arly twenty years. Trajan left no son, hut had 
nominated as his successor his kinsman Hadrian. 

Tho new Emperor displayed many great 
qualitie.s as a statesman. He abandoned as far 
as possible the policy of conquest in the East 
which his predecessor had followed, and showed, 
indeed, little inclination for war. Ho endea- 
voured to secure Rome’s possessions in Britain 
against the daring incursions of the Caledonians 
by constructing the famous wall from the 
mouth of the Tyne to the fcjolway Pirth, some 
fragments of which still survive. 

Roman Art. Hadrian passed a great part 
of his life travelling through his dominions in 
order that ho might acquire a close personal 
knowledge of their conditions, and of the im- 
provements that might be made. Hc strove also 
to i>resorve peace with foreign states, and gave 
no encouragement to tho national ambition 
for conquest. Many public works of general 
utility were constructed during hisHreign, and 
hc left to his co\intry many splendid monu- 
mental records of his love for art and arclii- 
tecture. He died in 1 38, after a reign of twenty- 
one years. Hadrian very wisely, named 
as his successor the noble Antoninus Pius. His 
reign will ever bo remarkable for the fact that 
hc was the first Roman emperor who tried to 
I)ut a stop to tho persecution of the Christians. 
He took care that the finances of the State were 
-administered with economy. His grateful people . 
gave him the title of “I'ather of the Human 
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Race.” His reign was altogether peaceful, con- 
taining no record of war more serious than some 
expeditions for the suppression of disorders here 
and there on the frontiers. Ho died in his 
seventy-fiflh year, leaving as his successor Marcus 
AureliuSj whom he had adopted. 

The Reign of Marcus Aurelius. 

Marcus Aurelius was called “ The Philosopher,” 
and his “ Meditations ” well established his 
claini to the title. He was tried by many 
severe troubles during his reign — there were 
incessant risings among the tribes on the frontier 
of the empire ; there were devastating earth- 
quakes in many parts of Italy, and a destructive 
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EQUESTRIAN STATUE OF MARCUS AURELIUS 


pestilence raged for a long tim(^ in Rome. Mar- 
cus Aurelius sold the jewels and otlier treasures 
of his imperial palace in order to meet the 
expenses imposed upon him by the wars and 
other calamities. He was, indeed, ns innocent of 
any share in the creation of those wars as lie WcTs 
in the creation of the earthquakes and the 
pestilence, but he devoted himself as unsparingly 
to the mitigation of the one set of troubles as of 
the other. Though not a great soldier, and no 
lover of war, he took jiart in the frontier cam- 
paigns as a matter of duty ; and while on one of 
these campaigns he fell ill and diinl. The only 
cloud on the fame of Aurelius was that, unlike 
his predecessor, he encouraged the persecution of 
the Christians. 

A Failure in Heredity. Marcus Aurelius 
was succeeded by his son Commodus, who 
was but ninet^n. He had served with his 
father in the; war then going on, and as lie had no 
inclination military service he oonoluded a 
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peace on almost any conditions, taking many 
thousands of the “ barbarians ” into employment 
in the Roman armies. When peace was restored , 
and he returned to Rome, ho soon became a sort 
of later Nero. He was as cruel as he was pro- 
fligate, and scattered death sentences so broadly 
against some of the noblest and best of his sub- 
jects that it became impossible for his rule 
to be longer endured, and' he was murdered. 

The authors of the plot immediately proclaimed 
Pertinax, prefect of the city, emperor. He was 
recognised by the Senate, but was unpopular 
with (ho soldiers, who put him to death eighty- 
six days later. Then the soldiery literally put th(' 
Empire up to auction. But though they found 
an ambitious, if incompetent, imrchaser, the 
provincial armies adopted their own generals as 
candidates ; and in the strife which ensued the 
victory fell to the commander on the Danube. 
tSeptimius Severus, an African by birth. 

The Emperor who Died in Britain - 
Severus was an able soldier, and he also proved 
careful and economical in his administration of the 
finaiK^es. Ho attempted some wars of conquest, 
.and subdiK'd rebellions in the provinces. In 
Britain ho lost so many soldiers in struggle's with 
(^ilodoniaus that he found it convenient to 
raise another great wall of defence to shelter the 
soulherii regions. He was the last vigorous and 
eapahl(5 ruler for a long time. Mo died at York, 
aiul wavs succeeded by the son W'ho is ahvays 
known by his nickname, Caracalla, though his 
real name was Bassianus. 

(^ir.'icalla's reign was one of cruelty and out- 
rage. Hi; had his brother Ceta put to death, 
anil charged a large number of Ceta’s friends 
with having plotted with him against his ow’ii 
imperial position ; he further carried out a 
course of actual slaughter {imong all whom he 
suspected of participation in that conspiracy. 
More than 20, (KM) victims, it is declared, perished 
in this outburst of (.■aracalla’s fury. Caracalla 
had six years of senseless cruelty, imt il a centurion 
whom he had injured ridded tin; I’ountry of him. 
His reign included one notable event - all the sub- 
jects of the Empire were admitted to full Roman 
citizenship, and to service in the legions. 

A Chaos of Kings. Eor nearly seventy 
years, emperor followed emperor as .some group 
of legioiuirie.s willed, in the lilast or the West. 
The wife of Severus had two great- nephews, who 
were brought up in Syria. The elder, best 
known as Elagabalus, enjoyed the imperial 
purple and a brief period of wild debauchery 
before he was assassinated. His brother, the 
amiable Alextinder Severus, was permitted a 
reign equally brief. The Toutifftic hordes, 
Allcmanni and Goths, were surging on the 
banks of the Rhine and the Danube. One ein- 
j>eror, Decius, fell fighting valiantly agaiast the 
Goths ; otherwise he is remembered for his fierce 
persecution of the Christians. Valerian was 
taken captive by the Persians, who had over- 
thrown their Parthian nilers. Claddius smote 
the Goths in a great battle, and then died. 
His successor, Aurelian, had great- military 
capacity, and in many of his characteristics wa;- 
superior to most of his recent predecessors, bui 
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liis time was taken up in resisting invasions, and one sovereign just before her eAiinction as the 
in conducting expeditions for the suppression great ruling power of the world. Constantine was 
of outbreaks. He is b(?st remembered among much drawn towards the Christian faith, 
modem r(‘aders because of his war against and soon after becoming sole emperor of Rome 
Zenobia, Queen of Palmyra, who is famous for ho issued a decree giving civil rights and full 
her intelligence, her charms, and her plans for the toleration to Christians throughout the Empire, 
creation of a great Eastern Empire. She was, It is told of Constantine by his biographers that 
however, completely defeated, and made captive, in one of bis military marches he saw in the sky 
After being carried through Rome in the victor's a cross of light bearing the inscription which, 
triumphal procession, she was given a line resi- in English, is “Tn This Conquer," and the sight 
dciu‘o at Tibur, where she passed the remainder of first filled him wit h the belief that the faith typified 
her days. Aurelian did his best to restore order by the cross must have a Divine origin, 
in the government of Rome and discipline in the The Official Change to Christianity, 
army, but he came to his end, in the year 275, With Cotistantinc, Christianity ceased to be a 
by the hand of his own secretary, who, bcijig persecuted sect, and became instead the recog- 
accused of extortion by his master, probably nised religion of the greater part of the Empire, 
thought his only chance of escape lay in the The organised Church became an authoritative 
assassination of the emperor. pow(*r in the state. Meanwhile ho bad resolved 
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August! and Caesars. After cliaos the to remove the scat of empire from Rome to 

sceptre was seized by a Dalnialiau soldier in Byzantium (Constantinople), for the reason, no 

high command by sheer ability. Diocletian doubt, that he believed Rome to have outgrown 

saw the unwieldiness of the vast Empire, and her power as a capital, and that her dominions 

devised the plan of naming a second “ Augustus " could best be preserved by establi^ing a seat 

and two " (Jeesars," each having control of a of empire in some Eastern city. ^He named 

quarter of the Empire, while ho retained the after himself the city wo now know as Con- 

fourth quarter, with a supreme authority overall. stantinople, and lived there in peace for the 

His own seat was in the East, and Rome practi- remainder of his life. Before his death he 

cally ceased to be the first city of the Empire, received public baptism as a Christian. 

Under his rule occurred the fiercest of all the per- died in May, 337, and with his death may fitly 

secutionsofthe Christians, now a very large com- cud the history of ancient Rome. Rome hall 

munity. But it was also the last. ceased to be a ruling empire. Ere long new 

When Diocletian abdicated, a strife arose races of people were to submerge the whole 

for siipremapw among the “ August! " and Roman system, and after many years of chaos 

“ Caesars^” flid the victory fell to Constantine the a new Europe was to emerge. 

Great, fie brought Rome back to the rule of A. D. INNES 
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Regulations and Procedure in Obtaining Orders for Tramways, 

Canals, Town Planning Schemes, Electricity, and other Public Works. 

PARLIAMENTARY POWERS 

P ARLT AMENT AUY work consists of tho pro- with a book of reference thereto, ehall be 
paration of plans and sections for proji^cted fh^posited for iiublie inspection at tho oflico of 
schemes before Parliament luuing reference to th(^ elerk of the peace for i^very county, riding, 

railways, canals, harbours, docks, waterworks, or divi.sion in England or Ireland, or in tlie office 

gas, tramway, and various other kinds of engi- of th(^ pi-incipal sherilT (^lerk of every county in 

necring schemes. 8eotland, and where any county in Scotland is 

The plan and sections should agree from divided into di.stricts or divisions, then also in 

actual measurements on the ground, the one tlu^ office of the juineipal sheritf clerk, in or for 

being co-existent with tho other, the fences each district or division, in or through which 

and other objects being ])ro])erly delineated in the* work is proposed to be made, maintained, 

their lateral position, so that th(' engincfT for varif'd, extended, or enlarged, or in which such 
the scheme, on the appearance of the }>etitions lauds or houses are situate, on or before November 
and subsequent cITorts, may sustain the allega- -‘Idlh immediately i)roccding the application, 
tioris against his work by the op])onents to the Railway Bills. In tho cas(^ of railway 
Bill, and that his plans may suceessfully pass Bills, the Ordnance map on the scale of 1 iii. 

upon {Standing Ordt^rs. to a mile, wit li the line of railway dc^lincated 

The necessary derails are very rarc'ly obtain- tluTf^oii, so as to show its goiuTal course and 

able without the siirvc^yor and his staff having, rlirection, shall be de])OHited~ with such, plans, 

in some shape or form, to trespass upon the sections, and book of reference; and the clerks 

property of others, and it should h(‘ kept (tlearly of the ])oaee or slieritf clerks, or their resjjcctivo 
in mind that, under such circumstance.^, it is deputies, shall make a memorial in wiit-ing u})on 
essential to fulfil one’s duties with as little the ])lans, sections, and hooks of reference so 
chance of olTending the ()wner or occupier a.s deposited with them, denoting the time at which 

possible, and to avoid doing any damage. tlu^ same were lodged in tl\<‘ir respective* oflices, 

Qualities in the Surveyor. By courtesy and shall at all reasonable hours of the day 

and consideration in field work, the surveyor will p<Tmit any person to view and examine one of 
enhance his position and command the resp(‘ct the same, and to make copies or (‘xt.raots tluue- 
of a landowner, whom, at a future dak*, he may from ; and one of the two plans and sections so 
meet cither as a promoter or objector of the deposited shall he soak'd up and ri'taincd in the 
projected scheme. He must bo qualified to act po.ssession of the clerk of tlu' peace or slii'HlT clerk 
as witno.s8, arbit rator, or umpire — three qualifi- until called tor by order of oni' of the two Houses 
cations which demand the most careful training. of raiiiamcnt. 

As a witness, he must have clear opinions and Alteration of Boundaries. In cases of 
clear U'asons for holding them, and these opinions Bills wlu'rehy it is ])roposed to alter or extend the 

he must be able to (‘xiiress in coruuse and lucid municipal boundary of any city, borough, or 

language. As an arbitrator, ho should have urban (list riet, a map on a scale of not less than 

the qualities of an advocate, discriminating ,3 in. to a mile, and also a duiilicate thereof, 

those points, most favourable to his own case, showing as well the pnwent boundaries of tho 

and lucidly enforcing them. As an umpire, ho city, borough, or urban district as tho boimdarios 

shall have the qualities of a judge, skill and of the proposed extension, shall bo deposited 

judgment in weighing evidence on both sides, with the town clerk of such city or borough, or 

and in selecting only tho material points, clerk of such urban district, who shall at all 

Projected Schemes. Tho regulations rcason.aWe hours of the day permit any person 

regarding the preparation and deposit of j.lans to yi.-w and examine such map, and to make 

and sections for jirojeefed schemes are best copiers thereof ; and a copy of the said rnaj). with 

explained by giving extracts from the Htanding boumlaries delineated thereon, «hall 

Orders of the Houses of Parliament affecting deposited at- the oflicu? of the Board of 

private Bills. ' Agriculture and P'isheries. 

In cases of BiUs of tho second class, a plan before November .K)th a co])y of the 

and also a duplicate thereof, together with a sections, and books of referem^e. ami, 

book of reference thereto, and a section and in tbe ease of radway Bills, also a (.op.y ot the 
also a duplicate thereof, as hereinafter described. Ordnance map, with the lino of railway delineatec 
and in cases of Bills of the first class, under thereon, shall he deposited in the 1 rivaled mi 

the powers of which any lands or houses may Office of this House. - .,1, 

be taken or used compulsorily, and in the Blectric Schemes. Tn cases of Luis for 
case of all Bills by which any charge is imposed the supply of electrical energy, an Ordnance 
npon any lands or houses, or any lands or map on a scale of not los.s than 1 in. to the mile, 

houses are rendered liable to have a charge with the proposed area of supply marked thereon, 

imposed upon them in respect of any improve- shall be deposited at the office of the 

ment, a plan and duplicate thereof, together Trade on or before November 30th. \\ here 

INCLUDING SURVEYING RAILWAYS, SHIPS, VEHICLE^ MOTORS, & AVIATION 
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district councils apply to the Local Government 
Board for sanction to loans for purposes of 
electric lighting, the Local Government Board 
require to be furnished with plans and sections 
of any proposed buildings, and a general plan 
showing the portion of all the proposed works, 
distributing mains, and the limits of the district 
to be lighted by the installation. 

The following arc the maximum terms allowed 
by the Local Government Board for loans for 
purposes of electric lighting : For land, 60 years ; 
building, 30 years ; cables, 25 to 20 years ; 
engines, transformers, instruments, and house 
services, 15 years ; motors, 10 yeai's ; motors and 
arc lamps, 5 years. 

Tidal Lands. Tn eases where tidal lands 
within the ordinary spring tides are to bo 
acquired, or in any way alTected, a copy of the 
]ilans and sections shall, on or before November 
30th immediately preceding the ap]>lication for 
the Bill, bo deposited at the oftice of the Harbour 
Department, Board of Trade, marked “Tidal 
Waters,” and on such copy all tidal waters 
shall he coloured blue, and if the plans include 
any bridge across tidal waters, the dimensions, 
as regards span and hcjwlway of the nearest 
bridges, if any, across the same tidal waters 
above and below the proposed new bridge, shall 
be marked thereon ; and in all such cases such 
pUns and sections shall be accompanied by an 
Ordnance map of the country over which the 
works are proposed to extend, or are to be 
carried, with their position and extent or 
route accurately laid down thereon. 

Riverside Schemes. In cases where the 
work is to be situated on the banks, foreshore, 
or bed of any river, a copy of the pians and 
sections shall, on or before November 30th 
immediately preceding the application for the 
Bill, be deposited : 

1. If the river is in England or Wales, at the 
office of the Board of Agriculture and Fisheries. 

2. Or, if the river is in Scotland, at the office 
of the Secretary for Scotland. 

3. Or, if the river is in Ireland, at the Irish 
Office, Westminster, and at the office of the 
Department of Agriculture and Teclmical 
Instruction for Ireland, Dublin. 

4. And if the river is subject to a board of 
conservators, at the office also of such board. 

And if the plans include any tunnel under 
or bridge over the river, the dimensions as 
regards depth below bed of the river, and span 
and headway, shall be marked thereon ; and such 
plans shall be accompanied by an Ordnance 
map of the country over which the works are 
proposed to extend or are to be carried, with 
their position and extent or route accurately 
laid down thereon. 

Local Authoritiea. Whore, under the 
powers of any Bill, any work is intended to be 
made, maintained, varied, extended, or en- 
larged, or any lands or houses may be taken or 
us^ compulsorily, or an improvement charge 
may. be imposed, a copy of so much of the said 

E lans and a^etions as relates to any of the areas 
eremaftei:^ l^^tioned, together with a copy of 
so mack of. the book of reference as relates to 


such area, shall, on or before November 30th, 
be deposited with the officer respectively herein- 
after mentioned— -that is to say, in the case of 
(a) The City of London, with the clerk to the 
London County Council. (6) Any borough in 
England or Waiea^ whether metropolitan or other, 
the town clerk of such city or borough ; (c) 
Any urban district in England or Wales, not 
being a borough, the clerk of the district council ; 
(d) Any parish in England or Wales having a 
parish council, the clerk of the parish council, 
or, if there is no clerk, with the chairman of 
that council ; (e) Any parish in England or 
Wales comprised in a rural district, and not 
having a parish council, with the chairman of 
the parish meeting, and the clerk of the district 
council ; (/) Any burgh in Scotland, the town 
clerk or clerk ; (g) Any parish in Scotland, 
outside a burgh, the clerk of the parish council ; 
(h) Any urban or rural district in Ireland, the 
clerk of the district council. 

Deposit with State Departments. 

Where any Bill power is sought to have any 
churchyard, burial-ground, or cemetery, or any 
part thereof, or to disturb tho bodies interred 
therein, or where power is sought to take any 
common or commonable land, iis the ease may 
be, a copy of so much of the plans, sections, and 
books of reference required by these orders to be 
d(q>osited in the Private Bill Office in respect of 
such Bill as relates to such churchyard, burial- 
ground, or cemetery, common or commonable 
laud, shall, on or before November 30th, bo 
deposited at tho office of the Secretary of State 
for tho Home Department, and a copy of so 
much of the said plans, sections, and books of 
reference as relates to such common or common- 
able land shall, on or before the said day, be 
deposited at the office of the Board of Agricul- 
ture and Fisheries. Wherever any plan, sec- 
tions, and books of reference, or parts thereof, 
are re([uired to be deposited, a copy of the notice 
piiblishetl in the “ Gazette ” of tho intended 
application to Parliament shall be deposited 
therewith. 

Description of Plans. Every plan re- 
quired to bo deposited shall be drawn to a 
scale of not less than 4 in. to a mile, and shall 
describe the lands which may be taken or useil 
compulsorily, or on which an improvement 
charge may be imposed, or which are rendered 
liable to the imposition of an improvement 
charge, and in the case of Bills of the second 
class shall also describe the line or situation of 
the whole of the work (no alternative line or 
work being in any case permitted), affcl the lands 
in or through which it is to be made, maintained, 
varied, extended, or enlarged, or through which 
any communication to or from the work may bo 
made ; and where it is the intention of the pro- 
moters -to apply for powers to make any lateral 
deviation from the fine of the propos^ work, 
the limits of such deviation shall be defined upon 
the plan, and all lands included within such 
limits shall be marked thereon ; and unless the 
whole of such plan shall be upon a scale of not 
less than a quarter of an inch to every 100 ft., 
an enlarged plan shall be added of any building 
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yard, courtyard, or land within the curtilage of 
any building, or of any ground cultivated as a 
gamen, either in the line of the proposed work 
or included within the limits of the said devia- 
tion, upon a scale of not less than a (juarter of an 
inch to every 101) ft. 

Canals, Reservoirs, or Waterworks. 

In all cases where it is proposed to make, vary, 
extend, or enlarge any cut, canal, reservoir, 
aqueduct, or navigation, the plan shall describe 
the brooks and streams to be directly diverted 
into such intended cut, canal, reservoir, a(|ueduct, 
or navigation, or into any variation, extension, 
or enlargement thereof respectively, for supply- 
ing the same with water. 

In cases of Bills for improving the navigation 
of any river there shall be a section which shall 
specify the levels of both banks of such river ; 
and where any alteration is intended to be made 
therein, it shall describe the same by feet and 
inches, or decimal parts of a foot. 

The powcirs of a local authority are limited. 
The Public Health Act, 1875, prohibits the con- 
struction of any waterworks within the limits of 
any water company so long as any such com- 
pany are able and willing to supply water ])ro])er 
and sufficient for all reasonabU^ pur[)oses for 
which it is recpiirod by the local authority. 

Street Tramway Bills. In eases of 
Bills for laying down a tramway, the plans shall 
indicate whether it is proposed to lay s\ich tram- 
way along the centre of any street, and, if not 
along the centre, then on which side of and at 
what distance from an imaginary line drawn 
along the centre of such street, and whether or 
not, and if so, at what point or points it is pro- 
poscfl to lay such tramway, so that for a distance 
of 30 ft. or upwards a less space than 1) ft. 6 in., 
or if it is int (aided to run thereon carriages or 
trucks adapted for use upon railways, a less 
space than 10 ft. 0 in., shall intervene between 
the outside of the footpath on each side of the 
road, and the nearest rail of the tramway. 

All lengths should be state-d on the j)lan and 
section in miles, furlongs, chains, and decimals, 
of a chain. The distances in miles and furlongs 
from one oi the termini of each tramway shall 
be marked on the plan and section. Each 
double portion of tramway, whether a passing- 
place or otherwise, shall be indicated by a 
double line. The total length of the road upon 
which each tramway is to be laid shall be stated 
—that is, the length of route of each tramway. 
The length of each double and single portion 
of such tramway, and the total length of such 
double and single portions resj)ectively, shall 
txlso be stated. 

In the case of double lines (including passing- 
places) the distance between the centre lines 
of each line of tramway shall be marked on the 
plans. This distance must in all cases bo 
sufficient to leave at least 15 in. between the 
sides of the widest carriages and engines to be 
u^d on the tramways when passing one another. 
The gradients of the road on which each tram- 
way is to be laid shall be marked on the section. 
Every crossing of a railway, tramway, river, 
w canal shall be shown, specifying in the case 


of railways and tramways whether they are 
crossed over, under, or on the level. 

All tidal waters shall be coloured blue. 

All places where, for a distance of 30 ft. and 
upwards, there will be a less space than 9 ft. 6 in. 
between the outside of the footpath on either 
side of the road and the nearest rail of the 
tramway, shall bo indicated by a thick dotted 
line on the plans, on the side, or sides, of the 
line of tramway where such narrow places occur, 
as well as noted on the ]»lans, and the width of 
the road at those places should also be marked 
on the plans. 

The ])receding paragraph shall apply, in the 
case of a trarnroacl, wherever it is carried along 
a st reet or road. 

The Tramway Act, 1870, Ihider the 
Tramway Act, 1870, tlu^ promoters intending 
to make appliciatioiis for a ])rovi^ional order shall 
proceed as follows : 

In the month of Octol)er and November next 
before^ application, and in any one of tlu'si^ 
months, they shall publish notice of their 
intention to make such application by {idvcr- 
tisement, and they shall, on or before the lif- 
teenth day of the following month of December. 
scr\'e notice of such intention, in accordance 
wnth the Standing Orders (if any) of both Houses 
of Parliament for the time being in force with 
rcspcid to Bills for the construction of tramways, 

All maps, plans, and docunumts required hy 
the Act to be deposited for the purj)os(*H of any 
provisional order may be deposited with the 
})or8ons and in the mamu'r directed by the 
Kirliamentary Doouinenis Deposit Act, 1837. 

The promoters shall give to the Board of 
at least fouiteen days’ notic'e in writing of th(‘ir 
intention to open any Iran way or portion of a 
tramway, accompanied by 

{a) A co])y or tracing of so much of the 
deposited f)lans and sections as relates to the 
jiortions of tramway proposed to be opened, 
distinguishing between double and single line, 
and showing, in red ink, any variations therefrom 
in tlic tramways so C(mst meted ; 

(6) A list of the local and road anthoriti(?s 
con(;erncd ; a diagram of the lines submitted 
for inspection of such authorities of about 2 in. 
to a mile. 

Town-Planning Schemes. The object 
of the town-planning part of the Housing and 
Town-Planning Act, 1909, to (piote from a 
circular issued by the Local (loverninent Board, 
is “ to ensure, by means of schemes which may 
be prepared either by local authorities or land- 
owners, that in future land in the vicinity of 
towns shall be develo}x>d in such a way as to 
secure proper sanitary conditions, amenity and 
convenience in connection with the laying out of 
the land itself, and of any neighb(^uring land.” 

In London, the County Council, and, clsc- 
wffiere, the borough, urban, or mral district 
council, is the local authority for t()wp- planning 
purposes. Schemes may be made in respect of 
any land which is in course of development, 
or which appears likely to be used for building 
purposes. Authority must first be obtained 
from the Local Government Board, and the 

nil 
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scheme, when prepared or adopted, will require 
the approval of that body, and, where objection 
is taken by a person or authority interested, 
either House of Parliament may intervene. 
The Local Government Board are empowered to 
prescribe a set of general provisions for carry- 
ing out the general objects of town-planning 
schemes, and such provisions will bo incorporated 
in every scheme, so far as they are not varied or 
excluded in special crises. The Local Govern- 
ment Board are also empowered to make regula- 
tions governing the procedure on the preparation 
and submission of town-planning schemes. 

Once the scheme has been approved, the 
responsible authority will have full power to 
enforce it by pulling down buildings which 
contravene its provisions, or by executing work 
in cases where delay in the execution of such 
work by the person responsible for it would 
prejudice the efficient operation of the scheme. 
Provision is made for the payment of compensa- 
tion to a person whose property is injuriously 
affected, and, on the other hand, for the recovery 
of one-half of the increment by the responsible 
authority where the scheme increases the value 
of any property. 

Building under Town-Planning 
Schemes. There is perhaps no single provision 
in the Housing and Town Planning Act which is 
of more importance than that permit ting a town- 
planning scheme to limit the “ number of 
buildings which may bo erected on each acre, 
and the height and character of those buildings,” 
taken with the further provision that such 
limitation shall not entitle the owner of the 
property to compensation in regard to “ any 
provisions inserted in a town-planning scheme 
which, with a view to securing the afticnity of 
the area included in the scheme, or any part 
thereof, prescribe the space about buildings 
or limit the numl)er of buildings to be erected, 
or prescribe the height or character of buildings, 
and which the Local Government Board, having 
regard to the nature and situation of the land 
affected, consider the limitation reasonable for 
the purpose of securing the amenity of the area 
included in the scheme.” 

There is considerable difference of opinion as 
to how far this limitation of the number of 
buildings to bo erected on each acre of land 
should be carried. Before attempting to 
decide this question, it is important to 
consider exactly what is the effect of reducing 
or increasing the number of houses per acre 
on any given area of land. At first sight 
it will appear to property owners that if the 
number cS houses which may be erected on 
any acre of land is reduced to one-half of what 
is permitted by local by-laws, the value of the 
land will be r^uoed by something approaching 
this proportion. 

Promoting a Town-Planning Scheme. 

The work involved in the promotion of a scheme 
other thaif the mere clerical work may be 
summarised as follows ; 

(1) The ascertainment of the names of owners, 
lessees, and occupiers, and the service upon 
them and the local authorities interested, by 
■■■ 


post or otherwise, of notices or other documents 
upon at least five occasions. The regulations 
require that at least two meetings of interested 
persons must bo held for the discussion of the 
proposed scheme. If no more tlian two are 
held, the notices of such meetings could be 
served together with one other of the prescribed 
notices, so that the occasions for service need 
not exceed five. 

The Local Government Board have reduced 
the cost of this work in individual cases by 
dispensing with service of notices on occupiers 
at less than quarterly tenancies, and also on 
allotment holders. 

It appears that the names of the owners and 
other persons interested in a scheme can only 
be obtained by a house to house inquiry, and 
great care is essential, for the omission of names 
may jeopardise the scheme, or involve the 
authori^ in serious liabilities. It is to be 
regretted that no surer and more expeditious 
way of ascertaining these names could be 
devised, for this work contributes a serious 
item to the cost. 

(2) The preparation and supply of copies of 
seven maps. The maps numbered 1, 2, 4, 5, and 7 
are to be on the scale of 25*344 ins., map No. 3 
on the scale of 1 in., and map No. 6 on the scale 
of G in. to the mile. These maps are to be 
Ordnance maps, mounted on linen. Map No. 2 
is map No. 1 repeated with fuller details ; 
nicap No. 5 is map No. 4 with amendments, 
if such are necessary. 

The Necessary Maps. The regulations 
require that a certified copy of map No. I shall 
be furnished by the responsible local authority 
to other local authorities affected by the scheme, 
but the Local Government Board have allowed 
a map on the scale of 6 in. to the mile to be 
substituted. These maps are reejuired to indicate 
all existing and projected buildings, roads, 
open spaces, and lines of sewers and pipes or 
mains for the supply of water, gas, or electricity, 
with such descriptions and measurements fis 
are re(juircd by the regulations. Map No. 7 is 
required to indicate the ownerships of the 
land, the names being indicated on the map 
itself or by reference to an accompanying book. 
The first step in the preparation of these maps 
is to post the Ordnance map up to date, but 
this may be regarded as part of the oniinaiy 
administrative work of the local authority ; 
it is not a cost properly attributable to the 
town-planning scheme. It will no doubt be 
found necessaiy, in respect of the hilly areas, 
to contour the maps more closely tjjan is done 
by the Ordnance Survey. 

The work involved in the preparation of 
these maps is practically the measure of the 
work of preparing the scheme. 

(3) Printing of the various notices, draft 
order, and approved order for service on all 
persons interested. 

(4) Seven advertisements to appear each in 
one or more local newspapers, giving notice of 
the different stages in the preparation of the 
town-planning scheme. 

A. TAYLOR ALLEN 
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The Leading Dramatic Poets and Piaywrights from 
the Seventeenth Century to the Present Day 

THE DRAMA SINCE SHAKESPEARE 


Mo comparison is possible between the 
* ^ drama of the Elizabethans and that of 
their immediate successors. It is all con- 
trast — the contrast, one great critic has 
said, of Hyperion and a satyr. We shall 
not go so far as that. But all the brilliancy 
of the “ comic dramatists of the Restora- 
tion ” cannot blind us to the fact that when 
women made their first professional appear- 
ance on an English stage, the chief theme 
of the plays written at the time was ridicule 
of the marriage state, to the end that the 
ribald laughter of a dissolute Court might 
be provoked and the cheap cynicism of 
“ the man of the world encouraged. 

The why and the wherefore of a study 
of the Restoration drama are so admirably 
set forth in one of Macaulay’s “ Essays ” — 
the review of Leigh Hunt’s edition of the 
Works of Wycherley, Congreve, Vanbrugh, 
and Farquhar — that we can hardly do 
better than commend this essay to the 
reader at the outset. 

The first name that claims our attention 
IS that of Sir William Davenant (b. 
ifioG ; d. 1668). Davenant’s work well 
retiects the spirit of reaction against 
Puritanism ; much of it was unworthy of 
the man’s better parts. His “ heroic 
play ” of the Siege of Rhodes ” is the 
germ of English opera, and he introduced 
many accessories to the theatre, including 
the orchestra. Thomas Killigkew (b. 
1612 ; d. 1683) is the author of a comedy, 
“ The Parson’s Wedding.” which, we are 
toldsby Pepys, was originally acted by a 
female cast. He built a playhouse in 1663 
on the site of Drury Lane Theatre. 

John Dryden (b. 1631 ; d. 1700). at the 
instance of Davenant, wrote an absurd 
adaptation of The Tempest,” and a 
capital blank verse tragedy. ” All for 
Love/\ on the lines of Antony and 
Cleopatra,” He adapted the “ heroic 
couplet ” to the English drama, thus 
winning the approval of Charles IT. and 
the ridicule of the Duke of Buckingham in 
‘‘ The Rehearsal.” His characters are, 
in the main, abstractions ; he uses noble 
language to convey ideas full of extrava- 
gance. But his tragedies of ” Don Sebas- 


tian ” and ” Cleomenes,” together with 
the comedies of ” Marriage k la Mode ” 
and ” The Spanish Friar,” contain much 
that is eminently readal^lc. Avowedly, he 
wrote plays not because the work was 
congenial, nor because he thought of 
posterity, but to make money. Considering 
the variety of his literary output in other 
directions, it is remarkable that his 
position as a dramatist stands as high 
as it does. Tlie student should not miss 
his ” Essay on Dramatic Poesy.” 

Wycherley (b. 1640 ; d. 1715) w\as 
one of the two great lights of Restoration 
comedy. Said Evelyn, the famous diarist, 
with reference to this dramatist : 

“As long as men are false and women vain, 
Whilst gold continues to be virtue’s bane. 

In pointed satire Wycherley shall reign.” 

Like Dryden, Wycherley made a rather 
feeble first effort at wTiting for the stage. 
Also like Dryden, but with greater success, 
he sought and found inspiration in France 
and Spain. He may be descril)ed as the 
originator of our comedy of manners. 
“He w'as a ruffian.” says Mr. Gosse, ” but 
a ruffian of genius.” He was a faithful 
mirror of his own lime. His chief comedies 
arc ” The Plain Dealer ” and ” The 
Country Wife.” The one is founded on 
Moliere’s ” Le . Misanthrope,” and is 
])raiscd by Hazlitt as ” a most severe 
and j^oignant moral satire ” ; the other 
loses our respect and much of such ad- 
miration as its workmanship claims when 
compared with its sources, Molicre’s 
” L’Ecole dcs Maris ” and ” L’Ecole des 
Femmes.” Wycherley's own life provides 
the most effective satire on the social 
ideals of his period. 

In the works of William Congreve 
(b. 1670 ; d. 1729) the comedy of mannens 
attains its summit. “ The Old Bachelor,” 
” The Double Dealer.” ” Love for Love.” 
‘^The Mourning Bride.” and ” The Way 
of the World ” were all written before 
their author was thirty years old. Then 
came sinecures and literary sterility. 
Congreve was, and remains, a niastcr of 
repartee and accomplished insolence. He 
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wrote better than Moli^TO ; but Moli^re’s 
stage method and dramatic style ijrcservo his 
plays alive, while those of Congreve, if we except 
“ Love for Love,” which has been described as 
the finest proses comedy in the English language, 
arc consigned to the study. “ In every point,” 
writes Mr. G. C. Ewald, “ Congreve maintained 
his superiority to Wycherley. Wycherley had 
wit, but the wit of Congreve far outshines that 
of every comic writer, except Sheridan, who has 
arisen w'ithin the last two centuries. Congreve 
had not in a large measure the poetical faculty ; 
but, compared with Wycherley, he might be 
called a great poet. Wyclierley had some 
knowledge of books, but Congreve was a man 
of real learning. Congreve’s offences against 
decorum, though highly culpable, w'ero not so 
gross as those of Wycherley, nor did Congreve, 
like \yjThorloy, exhibit to the world the de- 
plorable spectacle of a lic(‘ntious dotage.” 

Some phrases from the Congrcivo comedies long 
since passed into the common speech : ” Music 
hath charms to soothe the savage breast,” 
“ Heaven has no rage like love to hatred turned, 
nor hell a fury like a woman scorned,” “ Married 
in haste, we may repent at leisure ” arc among 
those most often quoted. 

Vanbrugh and others. What Sir John 
Vanbruoh (b. 1664; d. 1726) lacked in grace 
he had in coarse wit and facile inv(‘niiveness. 
The epitaph* ■ 

“ Lie heavy on him, (‘arth ! for la* 

Laid many heavy loads on tho(‘,” 

alludes to his achievements as the architect of 
Jllenheim and (’astle Howard, not to his author- 
ship of “ The Kelapse,” “ The Provoked Wife,” 
and “ The Confederacy.” With Vanbrugh may 
be compared George Farquhar (b. 1678; 
d. 1707), who, ill some directions as a dramatist, 
improved on his predecessors in cogency of 
construction, and whose incidental verse indi- 
cates a power that — possibly for reasons con- 
nected with a hand-to-mouth sort of existence -- 
was never fully cultivated. The famous line 
from his “ Twin Rivals ” — 

“ Necessity, the mother of invention ” 

— is singularly appositi^ to its author. Horace 
Walpole said of Earquhar’s plays that they talk 
the language of a marching regiment in country 
quarters. He wrote best what he wrote last, 
“ The Recruiting Officer ” and “ The Beaux’ 
Stratagem.” He marks the transition from 
Restoration licence fowards the jiurer, if more 
conventional, stage methods belonging to the 
reign of Queen Anne and the Early Hanoverians. 

Thomas Otway. In Thomas Otway 
(b. 1651 ; d. 1685), it has been well observed, 
“ there is no relief, no pause from the war and 
clamour of passion.” He lived tragically, 
wrote tragedy, and died young. Gloomy as are 
his plays, and devoid of lyrical beauty, they 
reach the heart by sheer force and knowledge 
of human nature. “ More tears,” said Sir 
Walter Scott, have been shed probably for 
the sorrows . of Belvidera [in “ Venice Pre- 
served ”] and Monimia [in “ The Orphan ” ]' 
than for those of Juliet and Desdemona.” Of 
1U4 


“ Venice Preserved,” which awakened the 
praise of Dry den, Hazlitt, and Taine, versions 
have been matle in French, German, Dutch, 
Russian, and Italian. Otway is a • strayed 
tragedian, belonging by genius, if not by time, 
to the Elizabethans. 

The Lesser Dramatists. Other names 
that can only be given bare mention as those 
of dramatists of some, but lesser, note are ; 
Colley Cibber (b. 1671 ; d. 1767), who appears 
to have been better as a comedian than as a 
])Laywright, though his version of Shakespeare’s 
“ Richard 111.” has been frequently performed 
in the provinces oven of recent years ; Nk’UOLAS 
Rowe (b. 1674 ; d. 1718), whose “Jane Shore ” 
is still acted, and who, in “ The Fair Penitent ” 
(adapted from Massinger’s “ The Fatal Dowry ”), 
drew the prototype of Richardson’s Lovelace ; 
John Gay (b. 1688; d. 1732), author of “The 
Beggar’s Opera ” and the libretto for Handel’s 
“ Aeis and Galatea ” ; and Richard Savao k 
( d. 174.3), who wrote a comedy, “Love in a 
Veil,” a tragedy, “ Sir Thomas Overbury,” and 
inspin‘d Dr. SamiitJ Johnson to the writing of 
one of th<‘ b(\st, if by no means the most accurate, 
of short biographies. 

HrieJ nxMition must also ho made of Josepti 
Addison (b. 1672 ; d. 1719 ) as the author of 
“Cato,” a tragedy which has enjoyed in litera- 
tur(^ a Euro))ean re})utation ; Sir Richard 
Stkki.k (b. 1672 ; d. 1729 ), “ the father of senti* 
mental comedy”; Samuel Johnson (b. 1709 ; 
< 1 . 1784 ), as tiio author of “ Irene,” a tragedy 
which all ( Jarriek’s zeal could not make successful, 
and concerning which Boswell has some enter- 
taining pag('s ; Samuel Foote (b. 1720 ; d. 1777 ), 
a social satirist in Johnson’s vein; David 
Garrick (b. 1717 ; d. 1779 ), whose adaptatio]\s, 
together with his {)rol()gues and epilogues, 
of merit; George Colman th(v elder (b. 17 . 32 ; 
d. 1704 ). who collahoratod with Garrick in 
“ The Clandestine Marriage,” and wrote “ Th(‘ 
Jealous Wife ’ ’ ; and Georg e Colma n the youngiT 
(b. 1762 ; d. 1836 ), author of “The Heir-at- 
Law,” a comedy of sterling qualities. 

Goldsmith and Sheridan. OlivehGold 
smith (b. 1728 ; d. 1774) was unlucky in the 
circumstances attending the production of tlx* 
first of his two comedies, “ The Good-Natured 
Man.” It was poorly acted, but genius pn*- 
vailed. The lovable qualities found in all he 
wrote distinguished both “ The Good-Natured 
Man ” and “ 8ho Stoops to Conquer;” These 
two comedies, the proceeds of which made their 
author for the time being a man of fortune, 
have been referred to as the grccnegt spots in the 
dramatic history of the period to* which thiy 
belong, and as containing “wit without liceii 
tiousness, humour without extravagance, brilliant 
and elegant dialogue, and forcible but natural 
delineation of character.” Richard Brinsley 
Sheridan (b. 1751 ; d. 1816) is as popular on the 
stage as Shakespeare. To the graceful humour 
of Goldsmith he added the wit, without the 
grossness, of Congreve. Of his four comedies, 
“ The Rivals,” “ The School for Scandal, 

“ The Critic,” and “ The Duenna,” the first and 
second are the best known. 
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Of Sheridan’s comic muse Hazlittsays: “She 
docs not go prying about into obscure comers 
or collecting idle curiosities, but shows her 
laughing face and points to her rich treasure, 
the follies of mankjnd. She is garlanded and 
crowned with roses and vine- leaves ; her 'eyes 
sparkle with delight, and her heart runs over 
with good-natured malice ; her step is light, and 
her ornaments are consummate.” 

The Drama of the Nineteenth Cen- 
tury. When the nineteenth century opened, 
Shakespeare shared with Goldsmith and Sheridan 
all the distinctive honours. The ot her dramatist's, 
in the stage sense of the term, were hard to seek. 

“Monk” (Matthew Gregory) Lewis (b. 
1775; d. 1818), of “The Castle Spectre”; 
Thomas Holcroft (b. 1745 ; d. 1809), author 
of “ The Hoad to Ruin” ; and James Sherioan 
Knowtles (b. 1784 ; d. 18G2), who wrote “ The 
Hunchback” and “The Love Chase,” are among 
t he best of the pla 5 rwriters of the time. 

Samuel Taylor Coleridge (b. 1772; d. 1834) 
wrote a tragedy, “Remorse,” which, says Mr. 
vSwinbume, contains “ little w'orth praise or worth 
memory, except such casual fragments of noble 
verso as may readily be detached from t he loose 
and pliable stuff in which they lay embedded.” 
It ran for twenty nights at Drury Lane, in 1813. 
Another half -forgotten tragedy of the period is 
that of “Rcrtram,” by ttie Rev. (Tiarles 
Robert Maturin (b. 1782; d. 1824), which was 
produced by Kean at Drury Lane, in 181G, on the 
recommendation of Lord Byron (b. 1788; d. 
JS24), whoso own contributions to literary 
drama — “Manfred,” “Marino Falicro,” “Sar- 
tianapalus,” “ The Two Foscari,” “ Cain,” 
“ Heaven and Earth,” “ Werner,” and “ The 
l)(*formed Transformed ”— are dealt with in 
connection with his poetry, as will “ The Bride’s 
Tragedy,” of Thomas Lovell Beddoes (b. 1803: 
d. 1849); and “The Ccnci,” by Peiw^y Bysshe 
Shelley (b. 1792; d. 1822). Byron’s jdays 
found their way to the stage for otluT reasons 
than their intrinsic value for acting })urposes. 
“Ion,” a Greek tragedy by Sir Thomas Noon 
Taliourd (b. 1795; d. 1854), and “Philip van 
Artcvelde,” by Sir Henry Taylor (1). 1800; 
d. 188G), are both works for the rcaller, rather 
than for the playgoer. “ Philip van Artcvelde ” 
is a romance that has received far too little 
attention in recent years. 

The Dramas of Lord Lytton. One of 
the most popular of the dramatists of the 
nineteenth century was Edward Bulwer, Lord 
Lytton (b. 1803; d. 1873), whose jJays, “The 
Lady of Lyons,” “ Money,” and “ Richelieu,” 
for all their artiGcialities of sentiment, still 
retain a strong hold upon the public. This is 
also the case wdth such plays as “ Society,” 
“ Caste,” and “ Ours,” by Thomas Wilijam 
Robertson (b. 1829; d. 1871); “Masks and 
Faces ” and “ It is Never too I^ate to Mend,” by 
Charles Rkadb (b. 1814; d. 1884); “Black- 
Eyed Susan,” by Douglas Jerrold (b. 1803 ; 
d. 1857); and “London Assurance” and “Colleen 
Bawn,” by Dion Bouoicault (b. 1822 ; d. 1890). 
Comedy lightened into burlesque and ex- 
travaganza on the one hand, the work of 


PLANCHt!;, the brothers Brough, Henry James 
Byron, and others ; and on the other, into 
sparkling operas, of which those composed by 
Sir Arthur Sullivan (b. 1842; d. 1900) and 
Sir William Sciiwenck Gilbert (b. 1836; 
d. 1911) are incomparably the best. 

The Literary Dramas of Browning 
and T ennyson. While comedy was degenerat- 
ing, the purely literary drama was receiving some 
notew'orthy additions in “Stratford,” “ A Blot on 
the ’Sciitohcon,” “The Return of the Druses,” 
an<l “ Luria,” by Robert Browning (b. 1812 ; d. 
1889) ; the “ Queen Mary,” “ Harold,” “ Becket,” 
and “ The Foresters ” of Alfrkd Tennyson 
(b. 1809; d. 1892); and “The Queen Motlior,” 
“ Rosamond.” “ Atalaiita in Calydon,” “ (^haste- 
lard,” “ Bothwcll,” “ Mary Stuart,” “ Ercch- 
theus,” “ IMariiio FsUcro,” “ The Sisters,” 
“ The Tale of Balen,” and “ Rosamund, (Jiicen 
of the Lombards ” of Algernon Charles 
Swinburne (b. 1837: d. 1909); and the 
“Demotor” and other plays of Robert Bridges, 
now Poet Laureate (b. 1844). 

The Stage in the Twentieth Century. 
Until nearly ton years of the twentiet h 
century had passed, it seemed as if the modern 
English drama w'as doomed to bo an echo of the 
French stage, except for the plays of a few 
writers, among whom the most conspicuous w^ro 
Sir Arthur Pinero (b. 1855), author of plays 
as dissimilar as “ Sw eet Lavender ” and “ 3’ho 
Second Mrs. Tanqueray ” ; and ]\Ir. Henry 
Arthur Jones (b. 1851), author of “ The Silver 
King ” and “ 1’ho Liars.” But a new spirit has 
stirr(‘d to lifo the dry bonevs of the thcvitricnl 
valley of death. A share in the revival is duo to 
the freshening inthienco of JMr. George Bernard 
Shaw, some of wdiose plays almost continuously 
hold the stage. But the revival has been stimu- 
lated from s(‘V(‘ral ((iiarters, notably by the riso 
of a new provincial drama. This comes from 
quarters wide apart and takes many forms, as in 
the short, strange, fascmiating Irish ])lays of 
John Millington Synge (b. 187 1 ; d. 1909); 
the strong Laru^ashiro play “ 11 indie Wakes,” by 
Stanley Houghton (b. 1881 ; d. 1913) ; the 
grim Yorkshire play “ Rutlu^rford and Son,” 
by Miss SowERBY ; and the delightful ScoUish 
characterisation of Mr. Graham Moffat in 
“ Buiity Pulls the Strings” and “A Scrape 
o’ the Pen.” 

The Best Features of Modern Plays. 

But on the London stage, too, a graver grip 
of life, a dei^per humour, and a sw^eeter poetical 
fancy have been manifest in one or ot her of such 
works as Sir James Barrie’s plays, culminating 
in “Peter Pan”; Mr. Jerome K. Jerome’s 
“ The Passing of the Third Floor Baejk ” ; Mr. 
John Galsworthy’s “ Strife*,” “ The Pigeon,” 
and “Justice”; the profoundly moving “Mile- 
stones ” of Mr. Arnold Bennett (b. 1867) and 
M. E. Knoblauch; and the lovely fantasy of 
Mr. Maurice Maeterlinck’s “Blue Bird.” 
There has also been a return to a true use of the 
spectacular in drama, as illustrated in the 
patriotic production of “ Drake,” the classical 
presentation of “(Edipus Rox,” the modiieval 
“ Mii'acle,” and the Oriental “ Kismet.” 
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Appointments under a Typical Council. Junior Clerks 
and their Prospects. Draughtsmen. Women Typists. 


MUNICIPAL 

T he incomes of municipal clc*rks vary almost 
indclinitely, according to the dut ies they per- 
form. and the liberality or otherwise of their 
employers. At the head of the calling arc 
such responsible positions as princi])al (derkships 
under the (Mty t'orporation, with salaries 
ranging between £650 and £1000 a year. The 
other extremity is occupied by tcunporary 
oftico cku’ks, performing routine duties for a 
bare £l a week. Between these extremities li(;s 
every imaginable gradation in value and dignity ; 
and as there is no uniformity of system in the 
Service, each local authority being a law unto 
itself, the vast bulk of clerical employment is 
too incongruous to admit of ])r(‘eise classification. 
To this g(‘ncral want of system, however, there 
are many exceptions, the most notable case 
being that of the London County (’ouneil, 
whose clerical staff is sefiarately considered in 
the course of this chapter. 

An Expert’s Views. The courtesy of 
a distinguished municipal officer enables us to 
present to our readers an admirably cl(‘ar and 
comprehensive summary of the general prospt'ets 
afforded by clerical employment in a corporation 
of average size. After premising that sj^eeial 
factors may influence the progress of (^very 
clerical staff, the expert proceeds as follows. 

‘•generally it is the })ractioe for corporation 
clerks to start as juniors or office boys at salaries 
ranging from £15 to £25 a y(s'ir, the necessary 
qualifications being, as a rule, that the lad is of 
good ehara(;ter, has had a fair education, and 
(in most cases) shows a good knowledge of 
figures. Junior appointments are sometimes 
lilled on the recommendation of head mastei's 
of jniblitj schools wdio have pupils leaving school 
and d(^sirous of getting into five Munieijial Service. 

“ In the largo ilcpartments of the eoiqioration, 
such as gas, water, eleetrie lighting, or ]mblic 
w'orks, thesL^ juniors would jnogress into counter, 
rental and cxchangi^ clerks, accountant and 
ledger ckuks, cashiers, collectors, and district 
(derks, with maxima of about £150 to £180 a 
year. The work of these clerks is in th(^ most 
east's routine, but exceptional ability may be 
rew^arded with positions as chief clerk, office 
superintendent, and departmental accountant, 
w^ith salaries ranging from about £250 to £500. 

“ In the Treasurer’s l)(q)art iuent the same 
rule as to juniors may be said to exist. Here a 
good knowledge of figures and some bookkeeping 
skill -afc special ' qualifications. Appointments 
as cashiers and ledger clerks are usually recruited 
from the junior staff, and salaries range from 
£80 to £250 a year. In this department, also, 
there are higher appointments, as chief book- 
keeper, chief accountant, and other posts, with 
salaries running up to about £600 a year. 

NATIONAL, MUNICIPAL, AND IMPERIAL 
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CLERKSHIPS 

“Wifh regard to the Town-clerk’s I)e])art- 
ment, a ratlu'r higher standard of education is 
requirol here than is the case with the other 
departments of the corporation. Appointments 
of committee cku’ks are usually held by the 
tow'n-clerk’s staff, with salaries varying from 
about £200 (o £.300 a year. In this department 
are law clerks, and parliamenfary, registration, 
and election clerks, with salaries ranging from 
£KK) to about £3,50 a year. In nearly all cas(*s 
these ai)])ointmcufs are filled by clerks who 
have gradually progressed to their fiosition by 
long service and experience ” 

Junior Clerkships. Tlie broad plan 
fhus ably sketched is subj(*et in particular 
instances (as its writer expressly eonetalos) to 
many modifications. A number of borough 
eouneils, for example, ])refor to recruit their 
clerical staff by taking into theii- service, af 
more substantial salaries, youths between f]i<‘ 
ag(‘S of 17 or IS and 21 years who have already 
had some special training for ofliee life. In 
such cases a knowledge of shorthand and typ(‘- 
writiiig, or experience in a commercial oilic(\ 
is usually essential; and the rmnuneration, 
starting at some figure between £4.5 and £70 
a. year, adv'ances aiumally £.5 or more to a 
m.aximum of £80. £100, or £120. Promotion to 
higher posts, wJiilc nhvays based upon ability 
and merit, is in some municipal offices depeiideni 
on the occurn'nco of suitable vacancies. 

How to Enter. A lad for whom a muni - 
<*ipal clerkship is desired sliould be traim'd to 
write a good clerkly hand, rapid if possible, but, 
at all costs, distinctly legible. Commercial 
arithmetic, and especially thi^ ability to manipn 
late large masses of figures without a mistake, 
is niorc^ valuable to him than uncertain flights 
in higher mathematics. A knowledge of short 
hand and typewriting and the riulimi'uis of book- 
keeping are also very servieeabk^ acquisitions. 

As soon as the aspirant is moderately 
in these sfuditw, which shoukl be in or about 
his sixteenth year, the town-clerks of several 
suit, able corporations shoukl be approached. 
TIk^ larger the boroughs, of course, the better 
are the jirospeets of a vacancy. From the head 
official, particulars can be obtained as to the 
qualifications required of candidates, the agf 
limits imposed, and the method by whicli 
vacancies are. filled. If the prevalent practii r 
is followed of maintaining a “ waiting list ” of 
suitable oandidatos, ail that remains is to 
comply with whatever formalities are requisitr 
for the insertion of the student’s name, and to 
continue his training while awaiting notice ot 
a vacancy. It may be, however, that the list- 
arc already overburdened with prior claims, or 
that appointments arc advertised — though thi- 

SERVICE, AND PROFESSIONAL CAREERS 



QROUP to— CIVIL SBRVICB 


latter method ia not generally adopted in respect 
ot office youths and junior dorks. Recoiurso 
should then be had to other authorities ; and 
meantime the announcements of municipal 
vacancies referred to in previous chaptera 
should be carefully scanned, and applieaition 
made for such junior positions as are adv(?rtised, 
until a. suitable post is secured and the youth is 
launched on his official career. 

Prixes of the Clerical Service. 
Under many leading authorities there are higher 
clerical posts occasionally accessible as heads of 
departments, committee secretaries, and so 
forth. The City Corporation, as already men- 
tioned, offers several such prizes. The princi[)al 


sedulously fit himself for higher office than he 
holds. Is ])ublic health to be his forte ? While 
still a junior ho will study the statutes and 
by-laws, familiarise himself . with the system by 
wfiich they are ap])liod, and by lending a willing 
hand in the ])repjiration of minutes and reports, 
and in a siore of other ways, will make his 
s(‘rvices valuahlo (o tlic chief clerk and the 
medical officer. In the Municipal Service, con- 
trolled as it is to a grt^at extent by amateurs, 
there is always ru'ed of such (Exports, and they 
have good prospects of early advancenioiits. 

Draughtsmen and Tracing Clerks. 
These officers, although members of the general 
clerical staff, constitute a small and special 
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clerk of the public health staff, who has 38 years 
brilliant service to his credit, receives £1800 a 
year, and his colleagues in the chamberlain’s and 
town-clerk’s office £1000 each. Clerical appoint- 
ments worth from £500 to £750 a year are 
similarly won from time to time by men of out- 
standing ability in almost every busy corporation. 

Necessity of Specialising. Such 
prizes are captured by the men who, being 
neither routine- bound nor content with the bare 
qualifications exacted by their work, have 
sj^ciaUsed m their judgment suggested. And 
this course ia essential for the clerk who is not 
ftHibitious. but resolved to realise his 
ambitions. Having chosen his wort, he must 


section, unaffected by the ordinary conditions of 
promotion. They are employed in the depart- 
ments of the surveyor, engineer, and architcict, 
in the ])rej)aration of plaiw, and allit^l work. 
The earnings of tracing clerks arc small from 
15s. to 50s. a week. Plan co})iers (uvrn from 
£1.30 to £180 a year, and^tlie salaries of clraughts- 
mcn range between £80 to £100 a year for junior 
appointments, and £180 or £200 for seniors. A 
number of draughtsmen and technical assistants 
aro employed by the London Uounty (’ouncil’s 
superintending architect (of Spring Gardens, 
S,W.), who will forward forms of application 
upon request. These posts are on the “ un- 
established ” staff, and are remunerated at rates 
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ranging from a guinea (for youths) up to 4J 
guineas a week. Tiio latter figure is rarely 
exceeded, or even reached, in this branch of 
the Municipal Service. Unless, therefore, the 
draughtsman has received an outdoor training 
which will qualify him for an assistant surveyor- 
ship, his prospects are restricted. 

L.C.C. Clerkships. The London County 
( -ouneil recruits its staff of men clerks from time 
to time by open competitions resembling those of 
the (Uvil Service Commissioners. There are 
three examination schemes of differing severity, 
which admit to positions of (corresponding value. 
The first grade is for men clerkships. These 
examinations are open to British subjects who 
are over 18 and under 23 years of age on the 
last day for receiving applications — which is 
usually a f(W weeks before the contest begins. 
Candidates must be free from physical defects, 
and arc required, if suc^eessful, to undergo a 
medical examination before being a})point,(d. 

"Lhe conq)etitions are held as often as a 
further sujiply of junior clerks becomes necessary. 
They are atlvertised in the chief daily ik‘ws- 
papers for several months befor(‘hand. Latterly, 
examinations have taken place y(‘arly, and a 
score or more candidates have l)i‘en selected on 
the r(3sult of each! 

Salaries, Th(3 clerical staff of the Ij.(\C. 
is classified as follows : 

Second class, £80, rising by £5 yearly to £100, 
by £10 to £150, and by £12 10s. y(‘arly to £200. 

First class, £200, rising by £15 to £21.5, and 
by £15 and tlum £20 yearly to £300, 

(Merks are jjrobationers for the (irst year of 
their service, and the annual increim'ut in ev(*ry 
case is dependent on satisfactory conduct.. 
There are some 3(M1 first-class and 700 second- 
class ofli(H>rs on th(3 staff. Beyond tlH\se grad(\s 
are certain special appointments, such as senior 
assistants (.£.300 to £400) and principal assistants 
(£-100 to £700), which aic usually filh'd by the 
promotion of subordinate otfic(irs. Second-class 
clerks are ])romoted to the first class according 
to nn^rit. 

Pension and Provident Scheme. 

Unlike the majority of local hexlies, the London 
(bunty Council has a liberal pension and provi- 
dent scIk'hic ill operation, to which each official 
“ on the establishment ” pays 2^ per cent, of 
liis salary, being thereupon credited by the 
Council with more than double that amount. 

The existing staff regulaticms afford no 
guarantee of special ]3romotion beyond the 
£3(K) limit. However, in view of the regular 
and fairly liberal increments this onqiloynieiit 
affords, and the probability that the ('ouneil’s 
activities will continue to develop, the opening 
presented by such a clerkship to a youth of 18 
or 20 is certainly a fair one. 

Examination Notes. Details of the com- 
petitions for L.C.C. clerkships are furnished by 
the schedule on page 1119. There are several 
supplementary points, however, to which the 
attention of candidates should be directed. 

Competitors are exempted from Part 1. of ' 
the examination if they have passed it at a 
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prior contest under the present scheme, or hold 
a matriculation, higher local, or senior local 
certificate, or have passed certain other edu- 
cational tests. . . r . : 

Examination in General Knowledge. 
Among the novel features of Part IT., the 
most striking is th(3 compulsory examination 
in general knowledge. This is an ingenious test 
of the candidate’s observation, memory, and 
intelligent grasp of facts. Its scope can best be 
judged by these sp(*cHnen questions from a 
typical ])aper : 

What do yon know of the vf>yaj?o of iho “ Bounty,’* 
BiiKhido, tht*. Terriblfi Cornet of Ilorsn, thfi Fathor-in-Law 
of Europe, Leandor, the Ma^zhen, the “ Mayflower,” 
May Meetiiijrs, Pidgin EnRlish, the Seonr«c of (Jod ? 

Explain th<i phr.ases ; Samir Jam' : fJse majesty ; Welt 
pnlitik ; Rcr jiulieatn ; Territorial waters. 

What do you know’ of the .lloiind Towers of Ireland, 
the Towers of Silence, and Msirt(‘llo 'IViwers ? 

(Jive the EiiRlish naiiu's for the follr)winR places : Anvers, 
Bruxelles, Firenze, fri'‘nes, (Jeiif, Kiiln, Londra, Marrakesh, 
Napoli, VenediR ; and state what nations employ these 
desiRnatioriR respectively. 

Classify the British Dominions beyond the sea aecordiriR 
to the nature of their respe<*tive Rovernments, and state 
as shortly as yon can the points of difference between the 
several forms of Rovernment. 

Explain precisely why a ship floats io the sea, and a 
balloon in the air, and why it is more easy to steer a ship 
than a balloon. 

Dcfltiiicly to prepare for such questions as 
thcs(3 is almost b(\vond the ai’t of man. Occa- 
sional leadings in a concise* oncyclopfcdia 
might do much towards it, providtMl that every 
passage thus erreountored is carefully read 
through. It will hi^ found that sewcral questions 
in eacii set ndate to topical or political matters 
treated in the daily Press. 

Special Papers. Sul)j(*ct 13 (Vntral 
and local government- is a useful study for 
fill lire municipal s(*rvants ; but, despite the text- 
books recommended by the Oomicil’s syllabus, 
it is exc(H‘dingly difiifuilt to master this topic 
unaided. Fortunately, however, several (3vil 
Service coll(*g(^s ])rcpare caudidates in this and 
all other subjects for the L.F.(^ examination. 

Shorthand, bookkeeping, and aceotintancy arc 
the subjects of a special memorandum. "I'luy 
may be taken in Part 11. as special ])apers, but 
not for inclusion in the eomp(ititive examination. 
This course is ado])ted beeauso “ there are some 
positions in the (buneil’s . service,” as the 
regulations state, “ where shorthand is desirable, 
and others where bookkeeping is essential,” 
and as that authority specially reserves the right 
to appoint a candidate out of the order of nnu'it, 
if he is qualified for a particular post, a good 
stenographer or bookkeeper may win an appoint- 
ment, even though he takes onl 3 i;ta moderate 
place on the general list. 

Minor Establishment Posts. These 
posts for men and youths in the subordinate 
ranks of the London County Council’s staff’ an* 
filled, like men clerkships, by means of open 
competitions. Particulars of the examinations 
will be found in the schedule on the next page, 
in the general intelligence test for youths, they 
are allowed to study a long narrative for Ifi 
minutes, but not to make notes, and are thou 
questioned as to its general purport and its details. 



Youths in the minor ostabliahment receive 
15s. a week, rising to. 25s., and may be advanced 
to the men’s grade. In this the rate of pay is 
27s. 6d., increasing to 40s., and i^ossibly to GOs. 
a week. In every case the annual increment is 
fixed at 2s. Gd. a week. Beyond £3 weekly there 
is no prospect, as members of this staff are not 
eligible for promotion to men clerkshif)s. Ten 
l)er cent, of the vaeancies at each examination 
for men clerks, however, are reservcnl for limited 
competition among assistants of the minor 
establishment who have served for six years, 
are over 24 years old, and have beeti nominated 
by their official chiefs. 
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Women Typists. The London County 
Council employs some 120 of these officials, who 
are selected by means of preliminary and com- 
petitive (ixaminations oj:)on to women between 
the ages of 18 and 30. The qualifying test is 
restricted to arithmetic, English (imposition, 
history, geogr{ij>hy, and typewriting, including 
stemnl work, but eandidatos may take shorthand 
in addition. For Class 11. the rate of pay is 
£55, rising by £5 annually to £65, and in the 
u[)per .st'(!tion to £80. Class J. ollieials, beginning 
at £80, advance by a like increment to £100, 
and on gaining the up[)er section rise from 
£100 to £120. ERNEST A. CARR 


LONDON COUNTY COUNCIL CLERKSHIP EXAMINATIONS 


Examining Body, 
Time and Place 
of Examination. 


The London 
County Council, 
Spring Gardens, 
8.W. 

When rt'qulaite: 
usuaJIy once each 
year. 
London. 


London County 
Council, spring 
Gardens, S.W. 

When requisite : 
about once a year. 


SuDJKeTs OF Examination. 

Part T. Candidates hohling certain certillrate.^ are exempt. 

Part II. Shorthand and ilookkoeping may he taken as uon-eompetit ive but 
useful sutijects (see Let,t<‘r]>resH|. 


MEX CLERKS I ilPS. 

Part 1. Preliminary ('»// nubjectH are eompnharu). 

Siogniphy } ”^^^rkcd from pa])crs .1. 5, ami fl. 

English (\)mposit.ion (Essay writing). 

Arithmetic, including mensuration and use of logarithm j. 

Eiiglisli History, iuchidiug a siH'cial pcrl«)d. 

(rcography, including the United Kingdom and another si)e(‘ial section. 
Maliicmatics: Euclid, Books I.-IV.. ami VI. .orcquivalcut geometry. .VIgebra, 
to binomial theorem. Plane trigonometry to .solution of triangles. 

Part II. Competitive. 

General Knowl('dg<! {eoat pulsar n). 

Pr<'!ci.s Writing (cotupulsorf/). 

Any four of the foUmchig uuiy also be taken: 

English Language and iaterature : imiuding essay and sp(*clal period.s. 

Pure Mathematics; (1.) higher algebra; (ii.) higher trigonometry and 
geometry, eah’ulus. 

Applied Mathematics ; amilytieal staties, partieh*, dynamics, etc. 
ami 7. Modern Languages (two) : Translation from and into. 

Latin : Translation from ami int<'). 

English History, including a .special period. 

Geography, inclading Hriti.sh J.sles ami another special sccti»tn. 

History of London. 

Economic.s : theory and iiistory, poliey of tariifs. (dc. 

Central ami Local Government : functions of aiilhoritics. ratfs ami taxes. 
Expcrim<*ntal Mechanics : use of apiuiratus, mc< hanical principles, ct<’. 
ExperimontRl Physics : laws and phenomena, simple measurements. 
(Miemlstry, practical and. theoretical. 

X(»le: in .subjects 1, :L 0, 7, 14-16, the examination is both written and 
<»ral. Practical knowledge of ex])erlmeiital met luuls isossoiitial In l.")and 16. 


Fees ami .\go 
Limits. 


10 s. 

18 to 23 years, 


Ids. 

1 8 to 23 years. 


MlNGJl ESTABLTSHMEXT; .MEX. 

A. Compulsory. 

1. Handwriting. 2. (IrtJiography. (BoMi marked from paper 3.) 3. English 

(Nniiposition(Es.say). 4, Arithmetic, with c-ompound addition. 5. (Fcneral 
Knowledge. 6. Pre^eis W rit iiig. 

B. Optional. 

Any two among — Typewriting, Shorthand (80 words a minute), French, German. 
Drawing (freehand or gcnimetrical). Bookkeeping. (Xotc : Typewriting and 
Sliortliand carry extra marks.) 


20 to 30 yeans. 


MINOR ESTABLISHMEXT : YOUTHS. 

A. Compulsory. 

1. Handwriting, 2. Orthography. (Both marked from papCT 3.) 3. English 
Comimsltion (Essay). 4. Arithmetic, general. English History, wit li 
special period. 6. Geography, with special sections. 7. General 
Intelligence Test. 

B. Optional. 

A'ny two among — Typewriting^ Shorthand (60 words a minute), Frencii, German, 
Elementary Experimental Science, Drawing (freehand or geometrical). (N«>t e ; 
Typewriting and Shorthand carry extra marks.) 


2s. 6d. 

1.') to 18 years. 


Pull particulars, with a detailed syllabus of subjects, can be obtained from tiio (’Icrk of the London County 
Council, Spring Gardens. S.W. The pajHirs set at past contests arc supplied by Mes.si^. P. S. King and bon, 
2, Great Smith Street, Westminster, S.W., at is. 2d. per set, for second-class posts, and 7d. for minor appoint- 
ments, i)09t free. . Approaching examinations are advertised in the leading London iKiwspapers. 
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THE DIVISION OF THE CELLS OF LIFE 



These ffve pictures show tho progress of the division of a cell. In the first cell we see the nucleus in globulnr 
form with the chromatin thread coiled within it. Tho two black spots to the right are the two divisions of the 
centrosome, which we sco attached to the nucleus of the typical cell shown on page 1 98. They take up positions 
at opposite poloft of tho nucleus, as in 2. The chromatin thread divides into the chromosomes, which split 
lengthwise, as shown in 3 and 4, and are then drawn myKteriously towards the centrosomes, with which each group 
forms a separate nucleus, and the whole cell divides into two separate and complete cells as shown in 5. 
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6 R0yP ll-LIFE & MIND ; THE RIS E OF LIFE 4 THE ASCENT OF MAN-CHAPTER 9 

The Rephtductlon of the Simplest and Hiifhest Forms of 
Life. The Wonderful Work of the Nucleus of a Cell. 

the nucleus of the cell 

every complete and perfect living cell Dr» Bastian*s Experiments. According 
^ contains a nucleus, there are some excep- to Dr. Dastian, simple bacteria can be formed 

tions, and, like all exceptions in science, they from inorganic; solutions of a colloidal kind {as 

mean something and must he carefully noted. Profcisscn* Moore has signiiicaiitly commented) ; 

A white blood-cell has a nuclcms, like an armeba, and if t his be so, ti\e abseucf^ of a nucleus in the 

but a red blood-cell has none. Here seems to bacterial cell must be taken as a primitive 

be a strange exception to the rule, for almost character. Hut we do not yet know whether 

wherever else we turn in our own bcTdies, we Dr. llastiaii’s r(‘sults will be* verified , by otlier 

find nucleated cells — whethc^r in brain or bone or observers; and we fire certain that, (‘V(*n' if thi‘y 
muscle or gland. be so vcTilied, they will not suflice to explain 

However, when we examine the history of the the natural origin of bacteria, for bacteria can- 
blood, we find that all the red cells had nuclei not live without the help of othe.r and high(*r 

once. In cuvses where red cells are needing to kinds of life* originating in the (freoi cell. Pro- 
be made at an unusual rate (beeaus<^ some poison bably, then^fore, microbes an; detfcneraie^ and it 

or disease, perhaps, is destroying tlumi too fast), may very well be that their ancestors had nm;l(‘i, 

we find nucleated red cells in the blood. Also, though they have not. The student must not 

we learn something about the functions of nuclei regard the question as settled, but he should 

in general when we find that the red cells which be on tin; look-out for nows of the imfiortant. 

have lost their nuclei have a very humble func- experimiaits now afoot for the solution of this 

tion, are little more tluin sacs of ha-moglobin, fascinating and profoundly imfiortant question, 

make no spontaneous inoveriicnts of their own. Reproduction of Microbes by Fission, 
and cannot reproduce themselves, but die with- We have filrc'ady hinted that the nucleus is all- 
out progeny. It is just beeausc these higher imiiortant for ‘the reproduction of the cell, 

functions are not required of them that they do What, th(‘n, of cfises wIuto there is no nucleus ? 

not need their nucleus aft(‘r the stage at which In our own hodic's, jis instfineed by the red 

they are formed by division of preceding cells. blood corpusck*, or by tin; v('.ry surface ,e(‘lls of 

We a.re about to k\arn that th<; nucleus is the the skin just Ix^foro they aie shod, the loss of 
master of cell-division. the nucleus means that the c(‘ll cannot divide. 

Th^ Origin of Bacteria. Vet another With the nuclens gmes the possihilily of the con- 

exception ’ first, however. Mi(5rob<'s have no tinnanei* of the vital strt'am in that c(‘ll. Ihit 

nuclei. Now that many minute unicellular microhes are dittenait. It is quite possible 

animar parasites hav(; b(^en discovered, like tlu; invisible by our best micro- 

trypanosomes of sleejiing sickness, the term scopes, there an* ])ortions which are nuclear in 

is getting to he ap])lied tot hein. They fenvtion ; and we can only surmise the re- 

all have nuclei, however. It is the bacteria, ariangenH‘nts and allocations of the living mate- 

the “mierdbes” to which Pasteur originally " Inch o. cur when a. microbe divides into 

gave the name, that have no nuclei; and the <"o. Hut all that we can sei* is almost crudely 
fact is very remarkable. It may be exjdained siiiqile. ^ ^k>st microbes, we 

in one of* two ways, and it certainly needs knovv, are bacilli - rod-sbaped crlls. hucli a cell 

explanation, for the nucleus plays such a part splits, along its length and then there are two. 

in prac*.tically all living cells everywhere the Technically, this process is called ./i^a-the 

amoeba or the cells of the brain which we use splitting -and there is no more to say 

as we read -that we are astonished to tind living no more can bo dis- 

races which consist of cells that have no nuclei covered, '.rherefore we may leave the lUKupbes, 
at any stage in their history. already learnt the name of the 

It may be that the bacteria represent a form simplest known method of reproduction in the 

of life so humble as not yet to have reached world of life. 

the stage of organisation represented by the The Gemmation of the Yeast Cell. A 
nucleus. This is the view of the famous old little higher in the scale is the kind of fungus 

survivor from the battle-days of evoliition, we find forming tlu^ y(‘ast- plant, '.riie namd 

Professor Ernst Haeckel, of Jena. If w’e be- cells of yeast are higher in tyjie than thi; round 

iievo that the bacteria represent the beginnings cells we rail eoci i. When a coccus reproduces 

of life, or at least the visible beginnings, w^c itself it simply acquires a waist, so to say, and 
need not expect them to possess nuclei. Nor then divides into two. That com<*s under what 

need we do so if we accept the remarkable we have already called fission, l^ut a yeast' cell 

experiments which Dr, Charlton Bastiaii is still A little portion of it swells heyqnd the 

carrying on, and which are nowi at last, being general surface, and is then budd<*d ou. oomc- 
repeated by other workers. limes a short string of such “ buds may be 

UOLOGY, PSYCHOLOGY, SOCIOLO0Y, POUtlCAL ECONOMY, EUGENICS, THOUGHt 
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seen, and then the individual ** b^ds ” are 
detached, assume the full size of a yeast coll, 
and the process is complete. 

The technical name for this, the second type 
'of reproduction in the world of life, is aemyi^ Mui. 
which is Latin for budding. ^About thisT^o, 
there is no more to say, for we cannot discern 
any further details through the miscroscope. 
Both in the case of fission and in that of gem- 
mation, however, we shall 
be very wrong if we do 
not realise that very subtle 
and intricate chemical pro- 
cesses must be at work, 
under the guidance of 
ferment s, before the cell 
repfoSfuces itself, even in 
these apparently simple 
ways we have described. 

The Division of 
the Nucleus. But these 
are the rarest exceptions 
in the world of life, though 
doubtless the numbers of 
individuals which exhibit 
them, among the microbes alone, must far 
exceed all other living individuals put to- 
gether. HigbcT types of individual may each 
consist of billions of colls, however; and there 
is a true sense in which each of those cells is 
as much an individual as any microbe — or vasfly 
more so. And tho rule is that these colls have 
nuclei, and that, ^he^ ^ they rcmroduco them- 
aolves. the nu cleus ijiitiates, and 
As wo have learnt the 
scientific names of tho two siniplei 
kinds of reproduction, wo may now 
note tho third, which is called 
wSUmi? — that is, weaving — or 
karvoki^^'Hi — that is, luiclear-movc- 
mentTxno names are intended to 
indicate the strange things which 
are observed in the nucleus wdien 
it divides. 

If it were possible, we should wish 
to bo able to describe the chemistry 
of tho nucleus before wo went any 
further. Unfortunately we cannot 
go far in this direction. Tho dead 
contents of what were living cells 
can be analysed, but our analysis must be far 
from telling us what wo need to know about 
their chemistry in life. In the poet’s indignant 
phrase, “ we murder to dissect,” and many 
essentials are destroyed in the first process. 
Some elementary facts we can state. 

The Chemistry of Protoplasm. Proto- 
plasm always contains carbon, hydrogen, nitro- 
gen, oxygen, and sulphur, not as elements in 
elementary form, but as constituent elements of 
the compounds which are peculiar to protoplasm, 
and of which wo as yet know so little. The 
typiod compounds found in protoplasm are, 
abovewl others, those called pr^j^ns — ^formerly 
called proteids, a term now obsolete. These 
proteins always contain carbon, hydrogen, nitro- 
gen, and i^ygen. But it is a notable and 
signifieint fiict that oeli-nuclei always * contain 
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THE LIFE POWER OF THE NUCLEUS 
This picture shows what happens when a cell is 
cut. The portion with the rfark necleiis survives 
while the other part shrivels up and dies 



CELLS BUDDINQ 
The yeast cells and some other 
simple plants reproduce them- 
selves by buddinfr in the way 
shown here 


a special kind of Drotem (or many such), called 
distinguish it; and 
thesenBcleo-proteins, it ‘ hsis been found, in- 
variably contain phosphorus. 

Most of us have hoard the nineteenth century 
German saying : “ Ohne Phosphor, koine 

Gedanke ” — ” without phosphorus, no thought.” 
This was said to indicate the importance of 
phosphorus in tho composition of the brain, and 
of nervous tissues general ly . 
It is quite true that phos- 
phorus is important in 
such tissues ; but in fact 
phosphorus is an essential 
constituent of the nuclei 
of all cells whatever — a 
man’s muscle cells, or a 
lobster’s, or an oyster’s, 
just as much as of the cells 
^of the human brain. As 
to the part the phosphorus 
plays, wo can say little ; 
but much will yet bo re- 
vealed by tho expert 
ehomical study of tho 
nucleo- proteins and the part they play in tho 
wonderful history of tho living cell. 

Wo must particularly beware of thinking that 
protoplasm is a thing with a definite cliomical 
composition. In the ninetcentli century, this 
was quite the accepted view of protoplasm, but 
it is not true. The nuchuis of any living cell must 
contain many hundreds of difterent substances ; 
or, rather, it must be a constantly changing mix- 
ture, or organism, of many sub- 
stances which are formed and un- 
formed and reformed continually, 
according to tho needs of tho vital 
processes of which the nucleus is tho 
scat. Nevertheless, it is very im- 
portant to know the names of tho 
chemical elements which are essential 
for protoplasm in general, and of 
th(? further element, i)hosphorus, 
which is essential for the nucleo- 
proteins that arc found in nucleo- 
plasm. Probably the next great ste p 
will bo tho identification of some, at 
any rate, of the special fernionts that 
are made in protoplasm, and consti- 
tute its agents for all kinds of purposes. This 
study is just beginning — as, for instance, in 
the recent isolation of certain of tho ferments by 
means of which the yeast cell turns sugar into 
carbonic acid and alcohol. 

The Interdependence of the Cell- 
Body and the Nucleus. So important is the 
nucleus that tho whole of tho cytoplasm must be 
looked upon as practically no more than a kind 
of nutrient envelope and appendage of the 
nucleus. Tho cytoplasm is like tho circle of 
ministers and attendants that surround a king, 
80 that he never comes into immediate relation 
with the outer world. So with the cell-nucleus. 
Further, all these individuals depend upon tht 
king, and will suffer if they lose their relation to 
him. So with the o3rtoplasm, or cell-body, as it 
is sometimes called. The cell^body nourishes tho 
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nucleus, but the nucleus is necessary for the 
nourishment of the cell- body. In the case of 
relatively largo cells it is sometimes possible to 
amputate a portion of the cell -body, and watch 
its fate. Invariably it dies ; but the remaining 
portion which contains the nucleus survives and 
ultimately repairs itself. 

The Healing Power of the Nucleus. 
The highest kind of cell that exists offers as 
perfect an illustration of this remarkable function 
of the nucleus as does the amoeba. What w<^ call 
a nerve-fibre in our bodies is really the prolonga- 
tion of the body of a nerve-eoll. If such a mu've- 
fibre bo cut across, the part of it which is next 
the cell-body, and thus is still under the control 
of the nucleus, remains undamaged in itself ; 
but the w'hole length of the fibre which has been 
cut off from the 
nucleus (just as 
in our experi- 
ment with a sim- 
ple unicellular 
animal) degener- 
ates, aiid in a few 
days is reduced 
to a row of lifel(‘ss 
drops of oil and 
rubbish, lying 
within the sheath 
that covers the 
fibre. But now, 
if the surg(;on 
s(*ws up the cut 
[)lace, so that the 
sheatn of the 
nerve is made 
continuous, the 
tu‘Tve will be 
rcg(*nerated ; mnv 
s u b s t a n ce will 
shoot down the 
old sheath, from 
the point where 
t he cut was made 
and repaired, and 
the nerve will be 
whole and well 
again. It is the 
nucleus of the nerve-cell — which may be one or 
two feet away, in the case, say, of nerves in the 
leg — that has the power of repair, and can 
restore the cell-body and its long fibres t-o their 
normal state, just as the nucleus of the amoeba 
can reconstruct the portion of cell -body that may 
have been amputated. 

From these two cases, as extreme as they can 
be, but absolutely identical in principle, we 
learn that tho nucleus has what is called a 
trophic^, that is to say, nutritive, function ; and 
this trophic function of the nucleus is one of tho 
niost important which it possesses, for it is, 
indeed, tho power of life in general to nourish 
itself and to repair injuries, iloubtloss the bio- 
chemists, in days to come, will bo able to show 
that in the nucleus alone are to be found those 
ferments which make nutrition possible. Thus, 
while the cytoplasm may, and certainly does, 
contain food-materials, and is thus a store of 


nourishment for tho C(^ll as a whole, only the 
nucleus (Contains those digestive or other fernu nls 
by means of which the cell can use its food ; anfl 
heiict; any part of the cell which is cut off from 
r(*lation to the nuoleiis must die, and can only 
servti in the end as food for some other cell 
which is complete. 

The Structure of the Nucleus. Tho 

microscope, which could not olTer us unequivocal 
knowlt‘(lg(^ as to the structure of tho cytoplasm, 
can give us some quite dclinitc^ facts regarding 
the nucleus. We must apply some kind of stain 
or dye if we wish to see tho details of structure. 
Cells may ho dyed (and killed, of course) at all 
stages in their liistory, and then tho nuclei may 
be studied in all th(‘SO cases. Htvil facets of struc- 
ture, not dependent upon the death of cell, or 

tlu^ mode of pre- 
paration, hi‘iv(^ 
in this w a y 
b e 0 n ecTtainly 
ascertained. 

The typical 
nucleus consist s 
of two distinct 
portions. One 
of those (Iocs not 
stain very 
markedly, and as 
it thcivforc^ taki‘s 
little colour it is 
(‘all(>d the gfihtur 
It so(ans 
to he tho l(‘ss 
important part 
of the nucleus, 
and to play tho 
part, rather, of a 
g n e r a 1 hjick- 
ground or sup- 
])ort for the ivst 
of the nucleus, 
wliich stains very 
deeply, and is 
iluachwe called 
the chromafin. 
As a ruleT^ns 
chromatin, or 
dyeahle part, of tho nucleus, is seen as a 
v(‘ry complicatetl network, and the evidence 
which we get from other tim(\s in tho history 
of th(? nucleus teaches us that this network 
is really a v(Ty long thread, which is all 
coil^'d upon itself, so as to occujiy vaay littl; 
space, and to ofior tho appearance of a network. 

The Secret of Hereditary Qualities. 
Qf all objects upon whicdi tho eye can gaze, this 
nuclear chromatin is the most intc'rcsting, 
•wonderful, and mysterious. Look at it in tlie 
case of a human germ-c(‘ll, and in it wc see, as 
nearly as human eye can evci’ sec, tlu^ phj^sical 
basis, or condition, or medium, by which a son 
may resemble his father or his mother, evcni in 
such things as good temper, or musical ability, 
or obstinate stupidity. 

For we now knovv that tho nuclear chromatin, 
besides all else that it may he for the life of tho 
individual cell, is also thcJbcarcr,,ottbpJbifiredib^^ 
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HOW CELLS MULTIPLY IN THE IIKUIER KOKMS OF LIFE 

These pieturra ahc.w the nniltiplicMtion of the eolla in a crab. On tlie left 
is seen a single cell, vhich divides into two. which become four, and so on. 
• Tima eell division gtn’S on Indellnitely. 
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qualities winch pass from any cell to its offspring. We ‘ call the ordinary appearibhee of the 
This is wonderful enough, though relatively quite nucleus its “ resting stage,” simply in order to dis- 

intelligible, in the case of the amoeba. We watch tinguish it from another stage which is very 
),the nucleus divide, according to the rules of different in appearance and results. Not all 

mitosis, and find that there has been a kind of nuclei will show this now stage, for in many cases 

just and exact apportionment of every particle nothing more than the maintenance of the life 
(so far as wo can soc) of the nuclear chromatin, and duties of the cell is required of the 
between the two cells which result from the nucleus. But in many other cases the supremo 

division of the parent amceba. In biology duty of reproduction is required also. The 

division means multiplication, we notice; and amoeba does not live for over as such. The time 

this is a hint, perhaps, that all kinds of mathe- comes when it must reproduce itself. The germ 

inatical ideas and laws are inapplicable in the cell which is to become a man must reproduce 
world of life. itself and become two cells, and they four, eight, 

But what shall we say of the nuclear chromatin and so oil, almost ad infinitum. 
when we see it not in a cell which is destined Then it is that we observe the active ” 
merely to be a single cell always, until itself stage or “ mitotic ” stage in the history of the 

divides and multiplies, but in a cell which is cell nucleus. The most obvious hint that some- 

dostinedjto become a human being ? Only then thing st range is about to happen is that the chro- 



A nt:rve-cell of the human brain, showino its nucleus 
I n this very highly m.iKiiltlrd photograph of anerve-cdl of the human brain, termed a psycho-motor cell becni^s^ 
it controls the action ot the muscles, we see tho unstained centre, which is the nucleus. Upon this depends tlic 
lite of the nerve seen stained and branching off from it. 


do we realise how' wonderful may be the “ chro- 
matin thread ” of a cell nucleus — from which tho 
very brain of a Shakespeare might develop. 

The Formation of Chromosomes. The 
nucleus, as we have described it, is in what is 
•usually called its “ res ting- sta ge.” Tho term is 
■quite incorrect, of coWST^or tho nucleus is 
laotively nourishing itself, and discharging its 
|trophic function for tho rest of tho cell of which it 
is the nucleus ; and upon it depends the discharge 
of the special function of the cell, whatever that 
may be. It may be a thinking-cell in the brain, a 
pulmiig-oell in a inuscloT* a se0]^ting-ceil in a 
gland ; but in ^ach case the special function can 
bo discharaed only when the cell nucleus is in 
a state of |eaith and activity. 

im ' : 


matin network becomes uncoiled and reveals 
itself as a long thread. That thread then breaks 
up into a number of short portions, which need a 
special name, and are called chromosomes, or 
colour- bodies. But at this point tMro is another 
complication which wo must observe. 

The Centroaome. Outside the nucleus, 
but lying near it, in the cytoplasm, is usually to 
be seen a small, dense object, much smaller than 
the nucleus, and as a rule of apparently little 
interest. Indeed, it migbjJ be taken for a mere 
store of nutriment in the cytoplasm, perhaps. 
But tho discovery has boon made, by skilful 
micrQscopists, that this little object is ail 
important during cell-division. It is so impor- 
tant that it needs a name, and it is called 




the centrosome, or centre-body — a tomi which is 
unfortunately so like chromosome " that we 
must beware of confusion. 

The general rule is that the centrosome shows 
the first signs of impending mitosis, for it divides 
into two, even before the changes in tlie nucleus 
begin. And gradually the two parts of the 
centrosome part company, and move over to 
opposite sides or poles of the niKjhnis. VVe are 
watching the beginning of what has been com- 
pared to some stately, slow, well-ordered, old- 
fashioned kind of dance ; and the centrosome is 
a sort of leader of the dancers. 

The Problem of Sex. These chromo- 
somes, formed by the breaking up into “ short 
k^ngths ” of the chromatin thread which used to be 
coiled in the nucleus, are now waiting for the 
next stage in their strange, eventful history. 
Their number is no chance. It is fixed and 
i^^pn utabl c. ^o far as we can discover, in any given 
specie s. In tbc cells of a human being when they 
are dividing, the number of chromosomes is now 
stated to be always twenty-tw'o. In the mouse, 
tlie salamander, the trout, find the lily the number 
is 24; ill the grassbopjier it is 12; in some 
sharks it is .‘10; in the onion it is Iti; hut the 
])oint for us to romomb('r is that, in llu? words of 
Professor E. Ik Wilson, the greatest living 
authority on the cell, “ cyery species of plant or 
animal has a fixed and characteristic number of 
chromosomes, which regularly rc(Hirs in the 
(Hvislon of all its cells.” 

"^hc r(‘ador will noiice that the numbers 
(juoted above are all even, and until recently 
it has been supposed that the number of chromo- 
somes is alwaiys even. Put. some exceptions 
have been discovered, and, like all true excep- 
tions ill science, they are leading us on to new 
discoveries. The colls which compose the grow- 
ing bodies of certain insects, and which wv can 
observe in their stages of nuclear ‘‘ activity,” 
have been found to {lossess an odd numh('r of 
chromosomes. Where the cells of the spisaes 
had been supposed to contain, say, sixU'cn 
chromosomes in the nucleus, in some cases the 
number has been found to be seventeen. 

Tt is invariably the cells of ihe^ fuiuafcs that 
have this peculiarity, and so wo begin to suspect 
that the possession of what is now called the 
” accesspry chromosome ” in the cell nucleus 
has something to do with tlu? fact called female- 
ness, at any rate in the cases in which it has been 
observed. This is a department of cytology 
which is now being specially studied for light 
upon the problem of sex, its origin and meaning. 

The Dance of the Chromoaomes. But 
»iow the dance begins. Dilferent observers 
give slightly difioront accounts of it, and the 
number of movements or steps may be described, 
according to taste, as six, twelve, or more. To 
show what happens w’e require the application of 
the cinematograph to the process, and this will 
shortly be done. Successive photograjjhs must 
bo taken of some such cell as the amoeba, during 
the occurrence of mitosis, and then the time 
taken can be artificially reduced, and the 
observer will be able to see, in a few seconds, the 
dance of the chromosomes, and its consequences. 
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The essential fact is very simple. Wo saw 
that in the case of such a n on-nucleated cell as a 
bacillus, multiplication occurs by fission. Just 
so do the ohromtwmes sj3^t the dividing 
nucleus. Each chromosome divides accurately 
down its middle line, so that, when the process is 
(complete, there are double the normal number of 
chromosomes in the^'cell. The next fact, in 
brief, is that these halv^ed chromosonu^s sort 
themselves out into tw'O conijianies, of equal 
numbers, of w'hieh one rc'treats toward one polo 
of the nueleiis, and t la^ other toward the opposite 
pole. Tlu^ two half-cciitrosomes, which we have 
left on their way toward opposite jioles of the 
mieleus, seem to be the directors of this process; 
and observers have dosc'rihed a sort of fine 
threads which se(*m to run between tlu^ ci'iitro- 
somes and the split chromosomes, and to draw 
the latter each to its destined place. In the 
upshot, wo find t\\;n midei, inst.(*ad of oni*, each 
nucleus having its "own centrosonie qutside it, 
and each contaihing the oharacteristio nutiiher 
of chromosomes, thanks to the fashion in which 
each of th(^ original chromosomes was split up. 
in time, in each nucleus, the individual chromo- 
soim^s become attached to one JinotlK^r, and form 
a long thread again, which becomes coiled u])on 
itself, and now the whole process of mitosis is 
complete. All tliat reniains is for the cytoplasm 
to form a waist, and to undergo a cleavagt^ 
between tlie two nmlca. Tlu'reupon wo hav<' 
two perfect, characteristic cells, each an heredi- 
tary desccaiclant of tlu) single cell with which we 
began ; and »t any ra.to in such a sirnpk^ case we 
need not surju’isod at the law of heredity, which 
says that like breeds like. 

An Unsolved Problem. 8o much, with 
the aid of the pi(4ur(\M, for the hare des(;ri])tivo 
facts of mitosis. Th(' sugge\stion remains 
does all this })a[)pen ? W'hat are th(^ forces at 
work which will explain what we have thus 
d<*Heril)(‘d ? Here, of course, is the heart of our 
probhun. Xo one who has approached the 
stud^y of life witli any seicntilic ideas at all will 
h(^ surprised to learn tluit the laws of physi(;s and 
clu'mistry an' not transgressed iti this process, 
any more than in a ballroom. According to 
various nuM'iit experiments, electrical princij^les 
are illustrated in several of those mitotic 
figures ” and the transitions between tlu'm. 
Various experimenters liave cleverly shown that 
figures which closely resc'inble those of mitosis can 
b(‘ reproduced in not-living materials, unch'r the 
influeuoe of eloctrieal and other physical or 
chemical forces. • 

Hiich exjjerirnents an' of great iriten'st, and 
may prove to be of practical value. I’he writtu* 
believes that along these lines we shall do great 
things, for r g^ ium is known to have a spe(rial 
selective action upon cancer cells, and it is certain 
that this action is electrical in nature. But 
recent microscopists have shown that cancer cells 
are abnormal in respect of the numlxu’ of chromo- 
somes that they possess ; and it is a not iinprob- 
able speculation that there is a relation between 
this peculiarity of tlui cancer cell and its special 
sensiWty to the electrical 
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flROUP 12-BUSINESS • THE MARKET-PLACE OF THE WORLD-CHAPTER 9 


Arrangement ot the Modern Office. Duties of Managers. Sales 
and Advertising Departments. Accountants. Office Discipline. 

ORGANISATION OF AN OFFICE 


LJaving taken a broad view of the 
“ general principles of business, we come 
now to a more detailed consideration of 
its various departments and activities, 
and naturally begin with office organi- 
sation, for the office is really the brain 
of a business. However many depart- 
ments there may be, and however varied 
their scope and character, it is in the office 
that their energies arc directed, their 
operations co-ordinated, and the impetus 
given to their activities which shall bring 
about the result of profitable trading. 

This being so, it is not surprising to 
leajn that the office of a large firm offers 
the best opportunities to a young and 
enterprising man of rising to a high 
position. Like Napoleon’s soldier who 
carried in his knapsack a marshal’s baton, 
the office boy has within him the poten- 
tialities and possibilities of a general 
manager or a managing director. By far 
the larger proportion of the high officials 
of our great railway companies, and the 
managers and heads of our large com- 
mercial businesses, have started in quite 
small positions in the office. 

The office, then, being the brain of a 
business, the centre in which policy and 
developments are planned, and from which 
everything is directed, it is of supreme 
importance that the organisation of the 
office should be as nearly perfect as 
possible. Any flaws caused through slack- 
ness or incompetence must necessarily 
communicate themselves to other depart- 
ments, and the business will very soon 
suffer. The office should be so constituted 
that the least irregularity, inside or out, 
automatically records itself, so that the 
cause can be instantly detected and 
i;emoved without delay. 

The office staff will, of course, vary 
according to the character of the business, 
but presiding over all will be a managing 
director or general manager, with the 
heads of the various departments respon- 
sible to him. The relationship may be 
expressed by the diagram on the next page. 

Factory organisation is dealt with later. 
Our concern here is with the office, and 


first of all let it be understood that no 
office can be thoroughly efficient that is 
not housed in a suitable building. If the 
arrangement of the different departments 
is faulty, if they are scattered about so that 
related departments; such as the account- 
ants’ and the cashier, or the sales and the 
advert ising, are far apart, thereby involving 
much running about, then valuable time 
is wasted which, in the course of a year, 
may amount literally to a loss of thousands 
of pounds. Unless time is economised as 
much as money, efficiency can never be 
obtained, for there is no waste more 
disastrous than that of time. 

The arrangement of the various depart- 
ments in an office must, of course, depend 
largely upon the space available, and the 
sha])e of the building, and also upon the 
character of the business; but there are 
general principles which must be followed 
in all businesses. 

The manager will be settled in some 
convenient room, with his secretary or 
private clerk in an adjoining office and 
available at a moment’s notice. Entrance 
to the manager’s office is usually through 
the private secretary’s room, but it is a 
convenience if there is another door, so 
that, if necessary, the manager can let in 
or out any visitor whom, for reasons of 
policy, it is not advisable should pass 
through the other offices. 

The American system of having the 
various offices, even the manager’s, cut 
off from the others merely by glass 
partitions is being more and more followed 
by progressive firms in this countiy, and it 
can then be seen by anyone at a glance 
who is in and who is out. The most up-to- 
date businesses have a system of posting u]'. 
the names of the different heads of depart- 
ments, so that callers and others may see 
at once whether the particular person 
they desire to interview is in -the building. 

The general manager should keep in 
touch with every department, and where 
necessary written reports should be sub: 
mitted to him, showing daily the output 
of the factory, the daily sales, the amount 
of cheques received, the bank balance, 


THE BUSINESS LIFE, MANA6EMENT, SHOPS OF ALL KINDS, AND ADVERTISING 
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and so on. He will see the heads of the 
different departments daily, and, if pos- 
sible, stated times will be alloted to each. 
If this is not done, there is much waste of 
time owing to the different heads having 
to wait indefinite periods for their turn. 
In special emergencies, various members 
of the staff may need to see the manager at 
once, and a very good arrangement is to 
have a bell or buz;?er attached to the door. 
This is rung by the person desiring to see 
the manager, and if he is free he touches 
a button on his desk, which causes a small 
disc or sign to appear in a frame on the 
outside of the door. The disc has on it the 
words, “ Come in,” or ” Engaged,” as the 
case may be, and the person waiting can 
thus see whether or not he can be received. 
Where all the heads of the departments are 
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will have a private office to himself, with 
his staff in a larger room adjoining ; and 
each will have his own shorthand clerk, files 
of letters, and so on. Sometimes this 
shorthand clerk works in one of the rooms 
of his particular department, but it is more 
and more getting tlie custom for the corres- 
pmulencc clerks to be in a room all together, 
and here letters are typed, stamped, and 
despatched ; incoming letters are recorded 
and filed after being dealt with ; telegrams 
are sent off, duplicates being kept ; and, 
where the telephone is not laid on to every 
department, teU^phone messages are re- 
ceived and distributed to the officials for 
whom they are intended. The duplicating 
apparatus, mimeograph or multigraph, will 
be kept in this correspondence department, 
and all circulars for the advertising and 
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DIAGRAM ILLFSTRATING THE ARRANGEMENT OF DEPARTMENTS IN A BUSINESS 


connected by telephone with the manager’s 
office, they can, of course, teleplione 
through for this purpose. 

So ffir as the regular daily interview 
with the manager is concerned, the heads 
of departments must be ready at their 
appointed times, and have, in a folder or 
letter-basket, their day’s queries. In this 
way no valuable time is wasted by them 
or by the manager. 

As to the arrangement of the office, the 
sales and the advertising departments, 
with the statistical, should always be 
adjoining, as the sales and advertising must 
of necessity always work together, record- 
ing and tracing results in the statistical 
department, to which they will be con- 
stantly referring. Where the business is 
a large one, the head of each department 


sales departments will be produced Jierc- 
In smaller businesses one or two short- 
hand clerks arc shared by the various 
departments, and the letters are all filed 
together in one general file. 

The advertising department is getting 
more and more important in up-to-date 
businesses, and it is a very useful rule 
to let all printed matter, whetiicr it be 
price-lists, catalogues, labels, circulars, 
wages-sheets, notej)apcr, or timo-sliccts, 
as well as matters that arc more distinctly 
to be regarded as advertising, pass through 
the advertising department. That should 
be the department dealing directly with 
the printer and block-maker tor all matters 
connected with the business. 

Adjoining, or quite close to, the adver- 
tising department will be the sales section, 
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and it is difficult to draw the line between 
these, for every advertising scheme must 
of necessity be a selling scheme, and any 
selling scheme is useless unless it is 
supported by advertising in some shape or 
form. Schemes may be conceived and 
initiated by either the advertising or the 
sales manager, but they must be developed 
and worked out by the two in conjunction. 
The advertising department prepares the 
literature, engages the staff for a sample 
distribution scheme, arranges a stand at 
an exhibition, or organises a Press visit to 
the works, and the sales department works 
the trade and sees that the public are 
supplied when the demand is created. 
Final arrangements for any big scheme 
are usually made by the managers of 
these two departments in consultation 
with the managing director. 

The accountants and cashiers will be 
closely connected, and, in a small business, 
are often in the same room. At the head 
of the accountants will be a chief 
accountant, or, if the business is a limited 
company, a secretary. It will be his duty 
to supervise all accounts, to see that the 
bookkeeping is kept up to date, that the 
costing is carried out scientifically, and 
that the manufacturing is worked economi- 
cally, as revealed by the complete accounts. 

The accountant is a more im])ortant 
official than he used to be, and he will need 
to have a great deal of tact, for his duties 
arc delicate, and the heads of the various 
departments with whom he comes in 
contact — the advertising manager, the 
factory manager, and so on — may be 
inclined to resent any attention he may 
direct to over-expenditure on their part. 
While it is necessary that he should keep 
a careful eye on every department to see 
that there is proper economy, he must, of 
course, “ abstain from every appearance 
of evil,” in the sense of seeming to interfere 
with the duties of others or concerning 
himself with matters that do not rightly 
come within his province. 

The old-fashioned bookkeeper, who 
merely kept the books, entered up his 
accounts in a mechanical way, and took 
an interest in nothing save the office clock 
and his weekly salary, is fast disappearing. 
In his place has arisen the man who has 
a love of his work for the work’s sake, 
who takes a real delight in figures, who is 
interested in seeing them work them- 
selves out tp completion, and who finds 
bookkeep^ and accountancy as fas- ' 
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cinating as the work of an engineer or a 
doctor or an architect. 

It will be the accountant’s duty in a 
properly organised office to work out a 
thoroughly efficient system of checking 
all expenditure. In this he must, of 
course, be guided by the nature of the 
business he is engaged in, and the character 
of the different departments. He will see 
that competitive estimates are obtained 
by the buyers, and if the lowest is not 
accepted "he will want to know what 
considerations led to the paying of a 
higher price — ^wdiether it was "the better 
quality of the goods, the greater reliability 
and solvency of the firm concerned, or 
the superior promptitude with which the 
goods could be delivered. For all petty 
cash paid out, whether in large or small 
sums, he will require duly receipted 
vouchers; for all cheques paid, accounts 
and receipts must be placed before him; 
and the postage-stamp account, which 
is such a large item in some businesses, 
will have to be placed on a properly 
organised basis so that tliere are checks 
on the number of letters posted and the 
daily balance of stamps. The live ac- 
countant will see that the post-book is 
checked every day. 

The ])re])aration of the half-yearly or 
yearly balance-sheet will be a duty of the 
accountant, and ho will also prepare from 
time to time for the benefit of his principals 
an interim balance-sheet. As all tlio 
accounts of the firm will be under the 
direct supervision of the accountant, it is 
essential that the bookkeepers, invoice 
clerks, costing clerks, and so on be easily 
accessible to him. His office should really 
be a smaller room opening out of their 
larger one, or, if they are divided up into 
various offices, the accountant’s room 
should be fairly central to thoirs. The 
cashier's department must also be handy 
to the accountant's, owing to the frequent 
necessary intercourse between them. 

An important subordinate in the 
accountant's department will be the stock- 
keeper, the clerk who keeps^iaccount of 
all the stores in hand, and checks the out- 
goings. The old system was to have 
stock-book, but under the modern method 
everything is recorded on the card-index 
system, and it is doubtful if in any othcj 
department of the office organisation, 
even in the statistical section, the card 
index is of such value and so far super- 
sedes the old system. 
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For each particular kind of stock there 
is a card divided into two columns, each 
column being ruled according to the 
requirements. On the left-hand side is the 
date of each order, the quotation accepted, 
the date the goods were received, and the 
total quantity delivered. Each new order 
and consignment of this particular kind 
of stock is entered in turn until the 
column is full, when the card is turned over 
and the entries continued on the other 
side in the left-hand column. On the 
right-hand column, or section, of each 
card, the various requisitions of goods 
and the dates on which they were handed 
over to the department requiring them 
are entered, and in this way, by comparing 
the quantities of stores received, as set 
forth on the left-hand column, and the 
quantities handed out to the departments 
for use as set forth on the right, the exact 
stock at any particular moment, and the 
quantities on order, can be seen at a glance, 
or ascertained without delay. 

The storekeeper in the warehouse will, 
of course, hand out no stores except u]X)n 
the duly authorised order-form, signed by 
whoever may be made responsible for 
icquisitioning materials in each depart- 
ment ; and these authorisations he will 
file, and hand over at the close of each 
day to the stockkeeper in the office, who, 
in his turn, will check them and enter up 
his cards from them. 

The costing department is, of course, an 
exceedingly imj)ortant one, and as (he 
figures here worked out and the informa- 
tion collected and filed arc very confiden- 
tial, the office must be quite sliut off from 
the other offices, and entrance prohibited 
to all but those specially authorised. In 
the costing department arc concentrated 
many of the trade secrets which would be 
of great value to competitors, and which 
must therefore be guarded most jealously. 
The office is often kept fastened on the 
inside, so that it is necessary to knock or 
ring in order to gain admission. This 
ciuestion of privacy is an important one, 
for, unless precautions are taken, much 
confidential informatiefh overheard dur- 
ing telephone conversations, or casually 
gleaned from letters and other documents 
left lying about, is liable to leak out and 
become common property, owing to the 
wilful or unguarded conversation of junior 
clerks and office boys. One of the secrets 
of success which every youth and young 
man in business should take well to heart 


is, as the Americans say, to “ keep your 
tongue between your teeth'* — that is, to 
know when and how to be silent. 

The cashier’s office is, of course, another 
room that must not be a kind of common 
highway in the general office. It is here 
that any cash not paid i;ito the bank, 
including the balance of ])etty cash each 
night, will be safely housed in a steel safe, 
and locked up each evening when the office 
closes. If the accountant has no steel safe 
or strong-room of his own, he will place 
his books in the casiner’s safe at night, so 
that they may be protected in case of fire. 

An important part of the organisation of 
any office is the planning out of a system 
of automatic checking which shall ensun; 
the certain and almost instant discovery 
of mistakes and delinquencies in l)o(;ks 
and accounts. Clerks should check one 
another’s work, but no two clerks should 
regularly and continuously check each 
other. Thus, A shouhl not always check 
B, and B, A ; nor should C continually 
check D, and 1), C; but A should at 
various times check B, C, and D ; B 
should check A, C. and 1), and so on. lii 
this way anything like possible collusion 
is avoided, 'fhe system should be such 
that tlie work and the books of all, Iiigli 
and low alike, arc automatically checked, 
but the particular method to be adopted 
is rather a matter of bookkeeping than of 
office organisation. 

The organisation of the ofiice should, of 
course, iiiclink* tlie pr()])er discipline of the 
staff. As far as possilfie, regular office- 
hours should be kept by all, but more 
important than keeping exactly to the 
regular hours is the coin])letiou each day 
of that particular day’s work. No letters 
should be left over for the morrow, but 
everything should he dealt with on its own 
day. This avoids the accumulation and 
delay of correspondence which is the curse 
of all good business. It should be distinctly 
understood by each clerk that the day's 
work must be finished before he loaves, 
and every attempt should be made to 
enthuse tlie clerks and oihes workers so 
that they do this, not because il is the 
rule, but because they have a keen interest 
in the work for its own sake. 

To this end, a periodical talk by the 
managing director or other chief is uselul 
in making each junior man leel that he is 
an essential part of the ])ii.siness. these 
talks need not be given at formal gather- 
ings. The various members could be 
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summoned to the general office half an 
hour before closing time, and the value of 
such periodical gatherings in inspiring the 
workers is quite as great as are the 
travellers’ conferences now held so 
generally by all really live firms. 

Anything in the sense of skylarking ” 
in the office must be at once suppressed, 
for nothing is more demoralising to the 
staff, or undermines the organisation so 
insidiously. Discipline must be maintained. 
If the hour for lunch is from one to two 
o’clock, then this time should be strictly 
observed by the clerks, none of whom 
should be allowed to leave before one, or 
remain away after two without special 
permission. Each man should have his 
duties carefully defined, and the office boys 
should know exactly under whose authority 
they come. At the same time, they must 
not be allowed to presume upon the fact 
that they arc to take orders only from 
certain individuals, and as a result be 
rude to other members of the staff who are 
not authorised to give them instructions. 

Pains should be taken to see that every 
man keeps his desk tidy, and that no litter 
is allowed to lie about the office ; that 
doors are shut by those who pass through 
them ; that pens, ink, and so on arc put 
away at the end of the day, and that no 
books arc permitted to remain out of 
the safe through the night. The better 
organised in this way the office is - in small 
details as well as in the larger schemes — 
the better work will the men do, and the 
more seriously will they take their tasks. 
Anything ordered in a mere martinet 
spirit has the opposite effect ; but it is 
astonishing how a strict disciplinarian 
who is thoroughly enthusiastic can make 
all who work under him catch something 
of his own enthusiasm. 

In selecting the office staff some regular 
system should be followed, and it is 
essential that the man engaging new 
employees should be able to read character, 
to get some idea from a man’s manner 
and appearance of his disposition and 
ability ; to appraise his value within a 
little as the result of a single interview. 
To get the best work out of the staff there 
must be some systematic scheme of 
promotion by merit, and every man 
who enters the office should have an 
opportunity of showing his capabilities 
and possibilities. Individuality should 
be cultivated and encouraged in the sense 
that a nun’s particular gifts should be' 
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afforded full scope, but the spirit that 
must be infused is that which elevates 
the firm as a firm to the first place. The 
staff, including heads of departments, 
should be encouraged and unconsciously 
led to talk of we ” and not of “ I.” 
'I'lie business life should be lived not for 
the individual but for the firm as a whole, 
and every man must be led to regard his 
own firm as the greatest in its line. En- 
thusiasm is the keynote of success, and 
in the properly organised office this spirit 
will impart itself to every member of the 
staff, however unimportant he may be, 
and show itself in enthusiastic loyalty. 

The true spirit can never be infused 
by a manager who holds himself aloof 
from his subordinates. The chief should 
always talk with his staff and not at 
them. Praise should be given where 
deserved as well as blame, and every 
])ill should be sugared. It is amazing 
iiow' a little judicious praise will tone up 
the quality of a man’s work, and by doing 
so add greatly to the emulation of others. 
At the same time there must be no 
jocular familiarity of the heads with their 
subordinates. Weak men go to one 
extreme or the other, but the strong and 
able man knows exactly how to blend 
discipline and comradeship so that while 
he ins})ires the confidence and friendship 
of his men, at the same time he prevents 
the familiarity which breeds contempt. 

Promotion and increases of salary should 
always be won l.)y merit. Through the year 
the heads should keep their eyes o])Cii, and 
they will soon see who are the keen, 
energetic men, and who arc the lazy. 

In many large firms one of the 
conditions of promotion is that junior 
members of the staff should attend 
evening continuation classes ; and although 
this may at first mention seem outside 
office organisation, it is becoming an 
essential part of the discipline in many 
up-to-date businesses. 

There should never be any work in an 
office that can be done by only one 
particular man. Every ma«, high or 
low, should have^ his understudy, and 
no man, however successful, should be 
allowed to regard himself as indispensable. 

For everything there is a best w^ay, and 
the keen manager will see to it that in 
every department of the office, and in 
every branch of its work, the best possibk- 
w^ay is discovered and follow^ed. 

CHARLES RAY 
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Sensations of Heat untrustworthy. Temperature and 
Its Measurement. The Various Thermometric Scales. 

THE SCIENCE OF HEAT 


B y way of a preliminary to our study of heat, 
wo must first of all rid ourselves of the con- 
fusion into which our own sensations lead us. 
When we speak or think of heat, there is always 
involved an idea derived from a grou[) of sc*nsa- 
tioas with which wo arc all familiar; and so 
the first thing we must do is to distinguish 
between what psychologists call the fiuhjecthe 
and objective aspects of our study. iSubjectively, 
we are familiar with sensations of heat and of 
cold, but directly we attempt to analyse the 
facts wo observe that these sensations are in 
ourselves, and are due to external (iausea, which 
can be sharply distinguished from the sensations 
directly we remember that the same external 
cause may appear hot to one hand and cold to 
another. This may easily be proved. If w(5 
bold one hand in very cold water for a few 
minutes, and the other at the same time in very 
hot W'ater, and then plunge the two hands into 
a basin of lukewarm water, one and the same 
objective cause will excite a sense of heat in the 
one hand and of cold in the other. This simple 
(*X[)eriment suffices to demonstrate that it will 
not do to mix up psychology and physics in our 
discussion of heat. 

Heat and Sensation. Another trick 
which our sensations play us will serve to 
teach us an important fact. We pick up 
the poker on a cold morning, and it fe^els cold : 
vv(^ transfer our hand to our coat and it 
h'ols warm. Yet both are j)robably at the 
same teni])orature. A suitable thermonuder or 
heat measurer would contradict the opinion of 
our hand. The explanation lies in the fact 
that, as we shall see, different bodies vary wlddy 
in their power of (inducting heat. The wool of 
our coat is a bad conductor; it removes littk* 
heat from our hand, and so does not givc^ us 
an impression of cold. The metal poker, hbw’ 
ever, which is at the same tein])eratur(^ as our 
coat, or, indeed, being near the tire, may be 
hotter, has the physical property of conducting 
heat very well. So much heat does it conduct 
away from our hand that the sensitive nerves 
appreciate the loss, and ive declare the poker to 
b(* cold. Thus our senses at least can give us 
somej. idea of what is meant by the conduction 
of heat. But now we dismiss the psychological 
asfioct of the subject, and must conceive of 
heat as an external fact, the character of 
which is not in the smallest degree indicated 
by our sensations. 

Temperature. When one thing is hotter 
than another — that is to say, when it is really 
hotter, not when it merely feels hotter — we say 
that it is at a higher temperature, and we 
measure the difference of temperature by means 
of the thermometer. But wc are not entitled 


to say that wlwm one object is hotter than 
another it contains more of that thing called 
heat. The t('m))erature of tlie body is not a 
fact I hat (lejx'uds upon the amount of heat that it 
contains, and can lU'ver Ix* usid -except under 
conditions deliru'd below— as an iu(U*x or guide to 
the amount of heat in any boily. What, then, 
is tem])eratur(‘ ? We ( an bi‘st (byline it by 
observing its cousi*(pu‘n(i(‘s. When one thing 
is hotter than anothi'r, the observed fact is that 
tlie hotter body tends to (.'ommuni('at(^ part of 
its heat to the colder, so that the two lend to 
a|)proximate to the sanu? temperature. It does 
not at ail follow that tlune is more heat in the 
hottm* body than in the colder. In rlie lirsi 
place, the hotter body may h(^ very small and 
contain little matter ; whereas the cold body may 
he very large and contain a quantity of matter." 

The Flow of Heat. The only way in 
which to define tem])erature is to compare 
it to the idea of h'vel in liquids. We know 
that, quite apart from the amoimt of water 
in (piestion, if we join two vessels or reservoijs 
containing water, tla* om*. being at a higher 
level than the other, the water will certainly 
flow from tlio higher to tln^ Iowct. If they are 
at the saint' level, the w^ater will tlow in nt'ither 
direction, though the ditfenmee in the amount 
of water in the tw^o reson^oirs may be as great 
as the dift’ert'nce in the amount of heat in tlm 
ease of our linger and th(‘ ocean. Tlu'n'foiv, w o 
must delim^ ternpi'raturt' as that state of a body 
wliich dett^rmim's its power to communicate 
boat to or rt'ccivt^ heat from anotlu'i* body. 

Amount of Heat. Of course we must 
not think that temperature has no relation 
to the amount of heat in a body. Jf we take a 
fixed (plant ity by weight^ — that is to say, more 
strictly speaking, a fixed mass of a given sub- 
stanc(?-'then the femperafure of that mass will 
be an index to the amount of heat ^t contains. 
The more heat w(^ put into it, the hotter it will 
become. So far as differences in mass are 
concerned, it is evident that temperature .and 
amount of heat do not vary together. Th(no 
will ])lainly be more heat in a ton of Ic'ad at 
30"' C. than in a pound of lead at 3^ C. Bid the 
remarkable fact is that difien'nt kinds (d matt(‘r 
vary profoundly in the amount of heat (lu*y 
contain while exhibiting the same temperature. 
If, for instance, we take equal masses of waiter 
and of nu'rcury, starting with both at the 
sanm temperature, and proc(‘t‘(l to raise tlu'iu 
both to the same extent, say 10 we find 
that we actually require to put about 30 times 
more heat into the wat(‘r than into the nKU’ciiry. 
Yet at the end of the jirocess tlK\y are/ both at 
the same temperature, both having started at the 
same temperature, and wc are dealing with 
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an equal quantity of matter in each case. The adapted for the purposes of the absolute scale oj 
difference between the water and the mercury temperalurCy which has superseded all the others 
18 cxpre.ssed in the tfani spedjic heul, and we in modem scientific inquiry, 
shall aftciwards have to consider it carefully. Xhe Reaumur scale, invented by Reaumur 

The Thermometer. The thermometer (1683-1757), has been largely used in Germany, 
is an instrument which ennbh'S us to measure It agrees with the Centigrade in that its zero is 
t emperature, but w(* now understand 
that it df)es not enal)le us to measure 
amniinl of heat exeept by the com- 
parison of the various tempera- 
tures of a given mass of a given 
substance. In the most familiar kind 
of thermometer, the temperature is 
measured by the expansion and 
(ontraction of mercury. This sub- 
stanc(s iil<^' nearly all othe rs, expands 
when it is heaic'd and contracts 
when it is cooled. The mercury 
thermometer consists of a line, 
hair-like tube with a bulb at one 
end, the bulb and part of the tul)e 
being filled with mercury. When 
the thermometer is made, the mer- 
cury is boiled in the tube so as to 
carry away all tlu* air, and then 
the upper end of the tube is sealed. 

The; .smaller the tube, the more 



sensitive is the instrument, the most sensitive 
kind of thermometer with which most ])eople 
arc familiar being the clinical thermometer. 

Three Scales of Temperature. In order 
to compare one temi)erature with another, it is 
necessary to have some sort of scale, and (hero 
are many such in (wistenecs Ibu'o we may 
mention three, with tlu* ])reliminary statement 
that they are all arbitrary and bad. Ihitil 
quite recently the choice between them was 
merely one of convenience ; but tlu'v may now 
all be supeised('d because we are in possTssiou 
of a scale of l(‘mperature wJiieb depends, not 
upon tlio arbitrary selection of any substance 
diicli as water or nn'icairy, but upon our under- 
itaiuling of the natural lowest limit of possible 
tom})eraturc. 

'Phe most familiar and oldest scale is that 
invented by Fahnuiheit (1686-1736). He did 
his best to obtain the lowest temperature 
possible, which was that of a mixture of ])oimded 
ice and salt. He lailk'd this tcmijunature O’, 
and "the t('m[>eratuie of water boiling at 
oidinary [u'essure 212°, the fre(‘zing point of 
water on this scale bt‘ing 32°. Fahrenheit 
rendered great services to ])hysies, and Iionour 
is due to his memory, Imt at tlie present day 
his scale can -claim no advantages whatever, in 
spite of the fact that it is still constantly used in 
tins country, though abandoned elsewhere. 

The Centigrade scale, which has many advan- 
tages over that of Fahrenheit, is so named because 
the interval between the freezing point and tlK 3 
boiling point of water is divided' into a hundred 
degrees. According to this .scale, the zero is the 
freezing point of water and 100" is its boiling 
point. This scale is not very much younger 
than Fahrenheit’s, and is, now universally used 
in science, and for all other purposes as well, in 
France and many other ■countries. It may be 
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the freezing point of wat(T, hut (he interval 
between this and (lie boiling point of w'ater is 
divided into eighty d(‘gr(‘es inst(‘ad of one 
hundred d('gri‘os. 

Conversion of the Scales. I’ntil the 
Faluenheit and Reaumur scales go eoniplelely 
out of us(\ as they sooner or later certainly 
must, it is oeeasionally necessary for coriveuieneo 
to convert a figure of one scale into the eor- 
r(‘sponding tlgnro of another. 'Phis, of course, 
i^ a mere mattcu* of arithmetic, no physical truth 
l)(‘ing involv('d, and so we need give the methods 
only vt'ry bii(‘fiy. In thi' first place, notiet^ 
that (.-(‘ntigrade is the equivalent of 9° Fahren- 
h<*it, and either of theses is (Mpiivalent to 4*^ 
R(^‘!Uimur. Supposing we desire to convert a 
Fahrenheit slatemeiit into a (Vntigrade, it is 
m‘(;essary, first of all, to deduct 32, then to 
juuitiply the result by five, and then divide by 
nine, in order to eonv(*rt it into degrees 
Reaumur, it is similarly necessary, and for 
equally obvious nvisons, to deduct .32, the result 
b‘'ing multiplied by four (instead of five as iii 
the last ease) and divided by nine. On the con- 
trary, if we require to convert degrees Centi- 
grade into the Fahrenheit scale, it is necessary 
to multiply by nine, divide by live, and add 32 
to the result ; and if we are converting degrees 
Reaiiiiiur, the process is exactly the same, except, 
of course, that we divide by four instead of five. 

For convenience of reference we give on 
this page a table prepared by Messrg^ Negretti 
and Zainbra, showing the Fahrenheit equivalents 
of the Centigrade scale from Fahrenheit zero to 
the boiling point of w ater. 

Maximum and Minimum Thermo- 
meters. So far as the thermometer is concerned, 
the particular scale that is used is of small im- 
portance. But sometimes it is of convenience to 
have some arrangement by which the highest or 




lowest ^points of temperature recorded may bo 
indicJit^ in such a way that anyone coming 
afterwards may see what they were. For in- 
stance, a. small index of iron or glass may bo 
placed inside the thermometer, so that it is 
pushed up by the advancing mercury, but is left 
behind when the mercury falls. If the index be 
made of iron it can be pulled down again by 
mep-ns of a small magnet. The minimum ther- 
mometer is filled with alcohol instead of mercury, 
and as the alcohol falls it pulls the index down 
with it in virtue of surface tension. When th(‘ 
temperature rises the alcohol flows j)ast the 
index. If two such thermometers bo mounted 
on one board, we can see at a moiiumt what 
were the limits of the variation of temperature. 

Another form of the maximum thermometer is 
the clinical thermometer. It contains no index, 
but at one point the tube is very mueli con- 
stricted, so that, when the thermometer is 
removed from the patient, the cohesion of the 
mercury is not cnougli to Iceep it together at 
this point ; hence the column of mercury 
breaks, and the highest point recorded by the 
mercury is retained. In order to obtain a 
fresh reading, it iwS, of course, necessary to re- 
establish the continuity of the mercury, and 
this may be done by jerking the thermometer 
so that part of the broken column flows past the 
narrowest place and rejoins the rest. 

A Better Thermometer. Tt is an easy 
matter to agree on a scale of temperature, and 
to mark its divisions \ij)on the glass tube, but 
how are we to bo certain that the menairy, or, 
indeed, any other liquid that may employed, 
such as alcohol, expands in a regular fashion ? 
Provided that it docs so, equal elongations of 
the column will certainly indicate ecpial dif- 
fcTenees of temj)erature. But wht‘n we come 
to look into the matt(T we find that liquids do not 
follow this simple rule, and so none of our ordi- 
nary thermometers can be regarded as absolutely 
accurate. If, however, instejid of taking a 
liquid we take a gas, we find not only that any 
gas expands regularly in proportion to tein- 
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A, Maximum Index JV Miniiiuan Ind x 
perature, but also that the various gases agree 
with one another in this resj)ect and can safely 
be compared. Hence we have the air ther- 
mometer, which depends upon the fact that 
the volume of a given quantity of gas increases 
uniformly os the temperature rises, provided 
the pressure be constant, in accordance with 
Boyle’s law. This is true of gases, liquids, and 
solids. But gases are much more satisfactory 
to study, because not only is their expansion 
much more marked, but they expand with 
absolute regularity, and the ratio of expansion 
is almost the same in the case of all gases. The 
law of the expansion of gases is of the utmost 
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importance. The volume of a gas increases fo^ 
each degree of rise in temperature by a constant 
fmetion of its volume at freezing point, this 
being for the Ontigrado degree, assuming, 
of course, that the pressure remains constant. 

The Absolute Air Thermometer. The 
ahsolufe air ihermomefer consists of a long glass 
tiibe, closed at one end and containing a long 
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column of air which is closed by a drop of mer- 
cury. I’his behaves as any air thermometer 
would do, the (‘xpansioii and contraction of the 
air in the tube changing tin* position of the drop 
of mercury. This thennoineter is graduated on 
the absolute scale, in correspondence with the 
law already quoted. The freezing j)oint of water, 
instead of Ix'ing called 0“ as it is in the ( Vntigrade 
scale, is marke(i 27!P absolute, and the boiling 
point, instead of being marked 1(K)", is marked 
373^" C. absolute Its zero is the ahsolufe zero — 
that is to say, while we retain the size of the 
Centigrade degree, we alter the names in ac- 
cordance with th(‘ theory that the fraction 
•jfn signifiean(K\ If, now, we consider 

the case of the air in this thermometer, we are 
able to lay down the proposition that, the pres- 
sure being constant, its volume is proportional 
to its absolutes temperature*. In other words, t he 
volume of any gas at constant pressure varies as 
its absolute temperature. If we combine this 
law, sometimes called Cay-Lussac’s law and 
8om(‘times Charles's law, with Boyle’s Jaw, w<^ 
n*ach the following law, true of all gasevs except 
in the neighbourhood of the tcmpcratuie at 
which they tend to lique*fy : The product of the 
volume and presnure of an]) (jas is proportional 
to its absolute temperature. 

The Absolute Scale. As was hintevl in 
a previous chapter, the absolute scale of tem- 
perature assumes that heat is a definite some- 
thing of which there may he moro or k'ss in a 
body, and which may be* abstracted from a 
body until we ultimaU'ly reach a point when 
there is no more heat left. Such a body would 
be absolutely cold, and its temperature would be 
the absolute zero. No such temperature has yet 
been attained, and it- is v(»ry doubtful whetlier 
it (um attained by any [possible device, 
though Professor Oiines, a few years ago, attained 
within Ihrtic or four degrees of it. It is ])lain 
that if our idea of heat is correct, there must 
bti an absolute zero. The question is whether 
we have any indication to guide us to the point 
where this absolute zero is to be found. 1'his 
point was determined by Lord Kelvin, to whom 
we owe the scale of absolute temperatun*, in 
1848, and was reached by means of thermo- 
dynamic considerations, a term which we shall 
soon explain. But the reader will hav(* already 
perceived that the ])oint named — that is to say, 
— 273° C. (on the ordinary scale) — is the point 
suggested by the law of the expansion of a gas. 
When we come to consider thormodyuamics, 
wc shall return to this sul)j(‘ct. We must go on 
to consider the expalision that heat causes in 
bodies other than gases. C. W. SALEEBY 
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GROUP 14- BUILDING - THE GREATEST TRADE OF AIL-CHAPTER 9 

Intercepting Chambers. Manholes. Iron Drainage. 

Stable Drains. General Arrangement of Drains. 

THE PRACTICE OF DRAIN LAYING 

Laying Drains. Wc have now to con- to the point where the sewage is to be dealt 

Bkler liow the various fittings already described with, but the construction will be similar, lamp- 

are combined into a comphdt; drainag(i system, holes and manholes being provided alternately 

and it will be eonvenient to look at the work at intervals. 

of draiu-layiriK Iwfore referring to the prepara- Forming the Intercepting Chamber 
tion of a (Irainage plan, h or the, moment, wc Floor ^1]. The footings anil wall of tho 

shall assume the existence of such a plan on charnher must be raised to the levels at 

which the drains and all fittings are shown and which the drains enter it. The intercepting 

on which the levels of the sewer and the iiiclina- ^ fixed at its proper level standing on a 

tion of the drains are fixed. concrete and set in concrete. The 

Tho laying of the drains is oft(‘n deferred till necessary channels are selected from the list of 
other work in flic building is far advanced, hut maker whose goods are specified, and are 

it involves a large animint of excavators work, first put togetlKu* dry, to see that they fit properly 
and will now be described. J he first operation positions for which they are intended, and 

is the excavation and strutting of the tremhes, concrete, tho joints being 

which in most cases art* made of the minimum they have been very carefully made 

width in whit^h a inan can work. 1 he bottom cement. The main chaimtd is jtunted to 

is carefully levelled to the falls shown upon the upper end of the trap, and if this channel 

drawings- -not stepp(‘d as in tlie case of trench(‘s obtained in one length, the upper, or 

for waits and where it is required a layer of socket, end receives tlie main drain from tho 

Portland cement concrete is sjuead (evenly l>uilding. In a large manhole the channel may 

oyer the bottom of the tiH'iich. (. oncrcte is more lengths, joint(*d. The 

alw’ays desirable, but some local authorities channels from the branch drains, if any be 
do not insist upon it under rain-water pipes rcifuired, are then fixed. The bottom or invert 
Ihe concrete should ho h in. deep and should discharges into the main channel, and 

extend for a width of b in. lieyond tho upper end of (Mieh is jointed to the branch 

outer face of tlu^npiMuy^ach sale. 1 lie lower j those are fixed, fine concrete is 

() m. of the tren(*h siKmld be (‘xcavated to fu In'twecn the channels, care being taken 

the f.xuct. Miilth reipiiiiMl tor Ihe oonoreto, even ,,, hanked up from 

If a greater width for working he necoH.sary ,^0 edges of the ehannels to the. side of tho 

higher up. he eonerete slabs on which the ,.|iamber. in tlie ease of a cliarnber receiving 

manholes are to be hmlt are also put in. Ihey 

are usually .) or 1_ m. thick and extend nmst, he curved to conform to the various 

beyond the outer fare of the manhole for about ,„,d forms a somewhat 

!» in on all sides. I-ayors of concrete are also between two curved ehannels. 

required under traps and gullies. slightest 

Connection with Sewer, The actual flaw may allow the escape of watc'r and result 
connection with the public sewer, for which * the chamber being (^ondenuuul. This 
purpose junctions are ofl(*n built into the hanking is finally finished with a smooth 

sewer, is usually made by the local aiithoritv, trowelled face with Portland cement mixed with 

who bring up the lirancli drain to the point ^ flUfc? .sand. 

where the private* prop<’rty abuts on the road. In order to avoid the* complicated work of 
'fhe laying of a drain Vx'gins from the lower eml, forming the bottom of a manhole as described, 

and the spigot end of a ])ip(' should always be raanufaeturpr.s now jirovide chanmds and 

the lower. Every drain should be laid in a junctions in one piece, suited to a variety of 

perfectly straight line from manbole to manhole, combinations. These may be utilised to form 

or from any gully or trap to the manhole. Tlie the bottoms of manholes. S©me of these are 

fall in the same distance should also be absolutely also provided with covers [37, 38] to close the 

uniform, d'he reason for this is, that in a drain channels and prevent any possibility of the 

BO laid it is possible, with the hel]) of a mirror, .solid matter carried in the sewage being washed 

to see through it from manhole to manhole and out of the channel by a sudden flush, deposited 

to detect at once the position of any obstruction, on the banks, and then left to d^feomposc. 

The illustration [39] shows a plan of a town Even wdien this is not provided, the fact that 
house of considerable size and the method of the bottom is in one solid piece, without a 
draining it. Fig. 40 shows the plan of a multiplicity of joints, is an advantage, but the 
large country house. In the latter there may fact of its being so may sometimes interfere 
be a considerable length of drain beyond that with the nice adjustment of the drainpipe to the 
shown, so as to carry tho, system to a sewer or channel, possible in the ordinary method. 

INCLUDING CARPENTRY, WOOD-WORKING, PLUMBING, AND CAWNET-MAKrNG 
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Building the Manholes. When the 
channels are set they are protected with boards, 
and the manhole or chamber is built up by the 
bricklayer to the level of the ground. If it is 
deep, he builds into one side or angle a series of 
iron steps or bars, called climhing ironSy to 
render the bottom of the manhole accessible 
when necessary for inspecting or cleansing the 
drains. The size and form of a manhole 
depends on the number of drains which enter 
it, but, except in the case of a very shallow one, 
it should not be less than 2 ft. G in. in length 
or width, or it is difficult to use cleaning rods. 
The top may be contracted by means of over- 
sailing courses [see Brk’klayek], or it may 
bo covered with a single slab of stone [Fig. 35, 
page lOOlJ, which is perforatf‘d and rebated [see 
Mason] to receive the manhole cover. 

The Manhole Cover. The manhole 
cover consists of an iron frame (which should 
be galvanised) with a flange, which i.s bedded 
in cement on the brickw'ork top or in the 
rebate of the stone. There is a groove 
running all round the frame, and the top or 
cover has on its under side a flange which fits 
into the groove and seals the manhole. When 
closed, this groove may have sand or water 
placed in it to make an air-tight joint, hut the 
best method is to make a joint with Russian 
tallow, though other compositions are used, 
'the object of making the cover air-tight is to 
prevent the escape of senver gas. and for ad- 
ditional security double covers are often 
arranged for and should ho used wherever a 
manhole has to be constructed within a building. 

The cover, usually loose, is in some cases 
screwed to the frame at the angles ; but if this 
is done, the holes must not be placed inside the 
frame, or, in the event of one of the screw’.s 
being left out a free passage for sewer gas is 
provided, llic top should be secured to a lug 
or flange outside the grooved channel. The 
walla of the manhole are often rendered in 
Portland cement [see Plasterer] for the 
lower part or to the full extent of their height. 
In the best class of work, interiors of manholes 
are often built with glazed bricks. 

Fresh*air Inlet. Every intercepting 
chamber must have a fresh-air inlet. For 
this, an ordinary drainpipe is taken into it 
near the top, which should be of the same 
diameter as the drain passing through it. This 
is taken to a selected point and connect-ed w ith 
a vertical iron shaft, finished with a box-shaped 
head [Fig. 36, page 1001]; in the front of this 
one or more diaphragms, formed of tiun sheets 
of mica and liinged at the top, are placed, so that, 
in the event of there being any pressure of air 
from the inside, they will close the orifice and 
prevent its egress, but will readily open to 
admit fresh air to the chamber and thence to 
the drain. This apparatus requires periodical 
attention otherwise the diaphragms are liable 
to become fixed, and thus permit the egress of 
sower gas. 

The ordinary inspection chamber [42] only 
differs from the intercepting chamber in that it 
has no trap at the outlet and no fresh-air inlet. 


otherwise it is constructed in the same manner 
— a cleaning pipe replacing the intercepting 
trap. 

Where a chamlxjr is only required to allow 
of change of direction in the diain [43, 44], it 
may be kept smaller but is in other respects 
similar. 

Lampholes. Lampholes [45] are useful 
in long, straight runs of drainpipes which 
receive no branch drains, enabling inspection 
chambers to be built further apart than would 
otherwise be the case. They arc formed witli 
ordinary drainpipes placed vcrthrally over the 
drain, connected to it with a junction, which 
in this case must be a right-angled junction, 
and extending up to just below the ground 
level. The top is securely closed with a stopper, 
and may be buried two or three inches under 
the ground and marked, or — wfliieh is a betU'r 
practice — terminate in a small chamber with a 
manhole cover. The object of this pipe is to 
permit of a lamp or candle being lowered to the 
level of the drain, so that it may be examined 
from the manhole above or below it in case of 
an obstruction. 

Laying the Pipes. The drain from the 
intercepting chamber to the next manhole 
or to a gully, soil-pipe, or ventilating pipe is 
usually }mt together dry and carefully levelled. 
In very good work spc^c’ial chairs of earthenware 
are used to raise the pipes about 2 or 3 in. from 
the concrete bed to allow of the joints being 
made all round, but this Is often done with 
pieces of brick or stone. 1'he ordinary joint is 
made with Portland cement gauged with as 
little sand as possible. The socikc't of one pii)e 
is coated with the material, and also the spigot 
end of the next pipe, and the latter is then 
thrust into the socket, care being taken to seo 
that it is properly centred and goes w'ell home 
and that the joint is at all parts well tilled with 
cement. The joint is aftiTwards carefully 
smoothed externally with a trow'cl and linidied 
with a splayed surface or collar [t7, 18, 

page 1001 j. The inner face of the joint is also 
carefully cleaned, the workman thrusting his arm 
into the pipe and wiping off any cement wiiich 
may be forced up betw^een spigot and socket of 
th^ two pipes, and which, if allowed to remain, 
would obstruct the flow of the sew'age. 

A badger is sometimes em])loycd in this opera- 
tion, It eon^i■it^ of a block of wood smaller 
than the pipe, but with a rubber edge and a 
wire handle. It is placed below the joint before 
it is made, and afterwards withdrawn, bringing 
away any cement. Every pipe should be 
soimrately laid so that this operation may take 
place. If two pipes are joined before being 
laid in the trench, the total length will bo 
found too great to permit of it Joints be- 
tween pipes and channels or gullies are simi- 
larly made, and in any case where an inspection 
or cleaning eye is introduced the run of tho 
pipes from this point to the next manliole 
should be perfectly straight and the fall perfectly 
even, as described, between manholes. 

Special Joints# Other forms of joints 
are used between pipes. One of the most usual 
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is known as Stanford’s joint [19, page 1001], the 
patent for which has' expired. In this joint the 
socket is lined with a composition formed with 1 
part of clean sharp sand, 1 part of boiled tar, and 
IJ parts of sulphur. The surface is slightly 
bevelled, the spigot has a band of the same 
composition slightly rounded, and the two when 
brought together form a close joitit which ensures 
that the pipes arc truly centred. The surface 
of the joint is smean'd with tallow before the 
pipes are fitted, and the spigot end must be 
driven well home to ensure a close internal 
joint. The outer edge of the joint is often 
finished with a cement collar. Another form 
of joint has the composition cast on in the form 
of a screw, the j)ip(^s being sennved logt^ther in 
fixing. A thin layer of cetvient com[>osition is 
used with this joint. 

A special joint for pipes with a deep socket is 
formed with 
two separate 
rings of com- 
position with a 
clear space bi^- 
tween. After 
the pipes arc 
p u t together 
this space is 
ti 1 1 e d wit h 
liquid cement 
from a hole at 
the top formed 
for the pur- 
pose. This 
forms a strong 
w a t c r-t i g h t 
joint. Where a 
drain})ipe is to 
be connected 
with a vertical 
soil or venti- 
lating pipe— a 
c o n n e c t i o n 
which must 
always be di- 
rect, without 
any trap or 
gully— a bend 
must be used to connetd the inclined drain 
and the vertical pipe. The end of the pipe, if 
of iron, is inserted into the socket of the bend 
and the joint made in cement. If the pipe a 
li‘ad one the end has a ring of brass, termed a 
deeve or ferrule, fixed on its outer surface before 
the joint is made [see Plumber]. 

When any section of a drain is completed it 
should be at once tested as hereafter described. 
If every joint is found to be absolutely sound 
and no leakage occurs, concrete may bo filled in 
around the pipes very carefully. Each joint 
must be examined, the upper surface by the 
eye, the lower surface by placing the hand below 
to see if there is any moisture exuding from 
the joint. The concrete is filled in under the 
pipes and the chairs or bricks used to raise 
the pipes are left in position. The concrete is 
in most cases filled in till the crown of the pipe 
b covered with 0 in, of it. Groat bare must 


be exercised depositing the concrete, as 
any serious jar may break one of the joints, 
and when re- tested after theconcirete has set the 
length may not hold water and have to bo taken 
up and rc-laicl. The trencli above tlie concrete 
should not be filled in till this rc-testing has been 
done, for should a defect bo found the labour 
will be thrown away. 

Iron Drainage Fittings. In addition 
to the various forms of earthenware goods 
hitherto descril^ed, cast iron is employed a good 
deal. In any drainage seherno which involves 
carrying a drain uiul-r a building, the local 
authorities usually enforce the use of iron pipes 
of heavy quality for sii(;h parts of the work as 
pass under the buildings. 

Iron pip(‘s are di‘scrihed by the weight in lb. 
per yard run. The following weights are usual 
for house drains : 4 in., 54 lb. ; 5 in., 72 lb. ; 

« in., 91 lb. 
The pipes 
used for this 
purpose a r e 
east with deep 
sockets at one 
end, and a 
small project- 
ing bcail at the 
other. They 
are made in 
longer lengths 
than stone- 
ware pipes, 
and are usually 
5, 0, 9, or 12 ft. 
long. Thenron 
drain should 
extend from 
manhole t o 
manhole, to 
avoid joining 
them w i t li 
stoneware 
pipe.s, and the 
joints are made 
1) y inserting 
in the sockets 
of each pipe a 
ring of tam'd yarn, then rumiing in “ blue ” 
lead, so called to distinguish it from white oi 
red load. Jlliie lead is melted and poured into the 
joint, and afterwards caulked or hammered [40]. 

It is becoming increasingly common to use 
other fittings of iron, and to carry out entire 
systems of iron drainage. For this purpose not 
only pipes, but all the parts and fittings already 
described as of stoneware are now also m^lde 
in oast iron. 

Makers now manufacture intercepting and 
inspecting manholes east in oiu* piece, lliese 
consist of shallow iron frames or boxes [47] within 
which the channels arc formed, and outside 
which the various sockets for receiving the main 
and the branch drains arc cast in at the reciuin^d 
angle. An outlet or spigot end is also cast on for 
jointing to the drain below. The channels may 
be half round, or they may bo extra deep, equal 
in depth to the diameter of the pipe. Thos^ 
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chambers are stocked in a great j|[irriety of forms 
to suit various sizes of drains, and fitted with 
branches of various sizes and at various angles. 
Any combination not stocked can usually be 
supplied with little delay. 

The manhole and all its branc^hes must be set 
out, and the angles at which they enter measured, 
before the manhole is selected or ordcTcd. When 
this is done, no dilficulty should arise in fitting 
up. The great advantage of such a manhole is 
that, being in one piece, there is no possibility, 
if the casling is sound, of a leak within the man- 
hole itself, and it is provid('d with a top resem- 
bling an ordinary manhole cover, fitting into a 
groove and secured into position, which renders 
the manhol ^ both gas and water tight. There is 
no possibility, therefore, of sewage? overflowing 
the channels and decomposing, as in an ordinary 
manhole. Such a manhole, including the cover, 
is only a few inches de(‘j>, and must be placed 
within a ehamlxT for easy access, but the 
chamber need not be constructed with the same 
care as is necessary when an open drain pa.-.ses 
through it. 

The advantage a complete system of iron 
drainage po.ssessos over earthenware is in its 
greater power to resist the disturbing inHuenees 
due to settlements, vibration, or any external 
pressure under which an earthenware j)ipe might 
be eraek(‘d, and allow leakage. The surface of 
the iron must he protected from corrosion. 1'his 
is generally done by a coating of Dr. Amjus 
Smith's Solution, which consists of a mixture of 
coal-tar and pitch, with about 5 per cent, 
linseed oil, and sometimes a little resin, the 
whblc heated to a temperature of about P. 
The iron to be treated is plunged into the 
mixture and left in till it attains the same 
temperature, tlum removed, and allowed to cool 
in a vertical position. The best results are held 
to be obtained when the iron, before insertion, 
is heated to a temperature of about 7tX)" F., but 
this increases the cost. Glass-lined or cnatiiellrd 
iron channels and pipes are used sometimes, 
but are expensive. 

The small size of the manholes us('d in iron 
drainage systems, wliicharein some ways advan- 
tag(‘Ous, have Ihistlrawhack, that in the event of 
the outlet being teiiipomrily stopped, owing to 
the sewer being fully charged, there is very little 
space in which the water collected l)y the drain 
can accumulatt', and it will speedily overflow ; 
whereas the large cubic space providi'd in a deep 
manhole may, under such circumstances, tempo- 
rarily aceornmodate the drainage till the stoppage 
is removed. 

Stable Drainage. Stable drains are of a 
special character. Within the stable itself they 
are designed to collect and remove from every 
stall and loose-box the horses’ urine. It is not 
desirable that the floor surface of the stalls 
should have any great inclination, nor should 
channels into which a horse might tread be left 
open wditTo this can be avoided. 

Stoneware channels are liable to breakage, 
and all such drainage is best executed in cast- 
iron channels, the depth of which is regularly 
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increased, so that the fall is obtained in the 
channel itself, while the top is kept at a uniform 
level, or nearly so, and may be covered with 
strong perforated cast-iron plates [48'J. The 
channel may, in most cases, be run to the external 
wall, and discharged into a stable gully placed 
outside. Where fhis is not possible, traps, with 
strong iron covers, may be provided, and an 
underground iron drain taken outside the 
building. 

The covers to channels and traps are easily 
removed for cleaning, but cannot be di^iurbed 
by the horse. Open iron gutters are also 
sometimes used. They consist of .several small 
shallow parallel channels with ridges between, 
which are arranged to give a foothold to the 
horses. All iron work to be laid in a stable floor 
must be provided with a roughened surface, to 
give a foothold. Channels are sometimes formed 
in eonereto, with iron kerbs built in on either side 
to receive the necessary covers. 

General Arrangement of Drainage. 

The drainage of individual buildings as applied 
to sysU'ms of w^ater- borne sewage, with few 
exceptions, depends upon the action of gravita- 
tion, and in arranging a system of drainage this 
circumstance must not be lost sight of from 
the first. Care must be taken to see that the 
levels of the building or site to be drained are 
sueli as to allow of the drainage being taken to 
th‘ public sewer, or to any other required 
destination with a sufficient fall to ensure its 
cflieiont action. In the oa'C of water not carry- 
ing scw'ago, such as water collecting in founda- 
tions, it may, if necos.sary, be collected into a 
sump, which is a chamber sunk below the 
level to which the water rises, and in which it 
collects, and from which it may bo pumpc cl up 
so as to flow' into a drain ; but even this is 
unde.sir{ible, as it means frequent attention and 
expense. This system is not a[)[)licablo to 
sewage from private buildings, but it is some- 
times employed on a large scale in scwi'rago 
systems with fair satisfaction. 

Detailed Arrangements of Drain- 
age. These vary so greatly under different 
circumstances that it wdll he possible only to 
refer to the general principles involved. The 
first matter to bo determined is the ultimate 
d islination of the sewage or water to be dealt 
w'ith, and the level of the outfall of the drain. 
Where the difference of level between the lowest 
})art of a building to be drained and the outfall 
is ample, it removes what may be a serious 
difficulty should there not be depth for an 
adequate fall in the drains. 

Self«cleansing Drains. For a drain to 
be self -cleansing the liquid in it should flow with 
a velocity of at least 3 ft. per seedfed. The 
velocity is considerably reduced when the drain 
is only filled to a small proportion of its 
capacity, which is the usual condition of 
domestic drainage, and most local authorities 
require a sufficient fall to give a velocity of 
approximately 5 ft. per second when the drain 
is running half full. 



A table of the approximate inclination to which 
drains must be laid to secure various velocities 
when flowing half-ftill, and the number of gallons 
discharged per minute when flowing full bore, is 
given below. It is compiled from tables in 
jflurst’s Architectural Surveyor’s Handbook. 


Internal 
Diameter of 
Pipe. 

Inclination. 

Velocity in 
Feet per 
Second. 

Diecharge in 
Gallons per 
Minute. 

2-inch 


1 in 

100 

2 

Itt 



1 in 

f)0 

3 

24 



1 in 

30 

4 

33 



1 in 

20 

5 

40 

3-inch 


1 in 

140 

2 

38 



1 in 

70 

3 

fi« 



1 in 

45 

4 

73 



1 in 

.30 

6 

03 

4-luch 


1 in 

200 

2 

60 



1 in 

100 

3 

98 



1 in 

5.5 

4 

135 



1 in 

40 

5 

162 

(J-inch 


1 in 

300 

2 

1.50 



1 in 

140 

3 

226 



1 ill 

SO 

4 

305 



1 in 

.50 

5 

370 

9-iiich 


1 ill 

4.50 

2 

337 



1 in 

220 

3 

500 



1 in 

12.5 

4 

687 



1 in 

90 

5 

820 


It is not, as a rule, convenient for the invert of 
the manhole at the head of llie drain to Ix' less 
than 1 ft. C in. from the ground level, and the 
fall being determined and the length of drain 
set out, the actual levels of the various manholes 
and of the outlet may be calculated in reference 
to a fixed datum. When po.ssihl(*, it is desirable 
to make the fall in the drain follow' any general 
inclination in the surface of the ground, so as to 
save as much deep digging as possible ; but the 
[banning of an etlicient (Irainage system must 
not be in any way sacrificed to do tliis. In cases 
where the sewer is very deep, it is usual to lay 
out the whole system as far as the intercepting 
c-hamber to ordinary falls, and to give tlie last 
length of pipe between the syphon trap and the 
sew'er the necessary inclination to make the 
connect ion. 

Where the depth available is ample, the open 
channel running through the nnuihole may be 
given a sharper fall than the general drain (say, 
1 in. in 1 ft.), so that the contents before reaching 
an intercepting trap may attain extra velocity. 

Drains not Self>cleansing. Where the 
depth betwc(*n the head of th(^ drain and the 
outfall is inadequate to give the desired fall, 
the levels must be w'orked out very closely, and 
care taken in planning to make the length of 
the drain as short as possible, it may b(^ neces- 
sary to assist the cleansing of the drain by an 
automatic llushimj tank [see Plumber] placed at 
the head of it. Water is allowed to flow into 
this tank at a regulated speed, and when full it 
discharges automatically its entire conUmts 
rapidly and with high velocity into the drain, 
thereby scouring it out. The outlet of the tank 
should be as large as the drain to be flushed, the 
object being to charge the drain fully. The tank 
should contain not less than 50 gallons for 
flushing a 4-in. drain, and the frequency of the 
fluslwrmay be regulated. Tanks with larger 
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capacities mayHbo used, and arc necessary for 
larger drains. 

Sixe of Pipes. The size of drainpipes is 
regulated by the work they have to do. ^Vhe^e 
the .sow'age system is separate the maximum 
flow can be readily gaugt'd, and, as an example, 
the regulations of the Board of Education re- 
quire a 4-in. pipe, unless it is connected to more 
than ten w.c.’s, in which case? it must be () in. 

If the rainwater is carried by the same pipe 
there is a liability in times of excessiv'e rainfall 
for the drain to be choked with water if it is 
inadequate to carry it o(f It is necessary then 
tocalciila f c the area from w'hich water is collected 
into the drain, and it is usual to allow' for 
collecting the following (piantitics of water as 
the re.snlt of rainfall in ordinary districts in 
England : 


F rom roofs . . 
From paved yard.s 
From gravel paths 
Fr om meadow’ land 


O’T") in. per hour, 
t) ., ,, ,, 

0*40 „ „ „ 

010 


(h'casionally, for short- periods, a fall at the 
rate of 1 in. and oven more* per hour may hav(‘ 
to bo dealt W'ith from roofs. 


Position of Inspection Chambers. 

With a view to economy it is desirable to use as 
few manholes as is consistent with cllicicncy, 
and to convtTge as many drains as po.ssibl(‘ 
at each. In a soil-drain every connection and 
every change of <lir(‘ction must bo made at 
a manhole [42, 43, 44]. In a rainwater* drain 
th(‘ .samr* principle should be ob.scrvcd as far as 
po.ssildc, but if the main run is laid in a straight 
line to true falls and only conveys rainwater, 
mo.st local authorities allow’ jiinctious to he made 
with it. When rainwater branches must 1)0 
taken into a- soil-drain, and the connection 
cannot readily be made in a manhole, a 
separate rainwater pipe should be laid from 
manhole to manhole alongside or above the 
soil-drain, to receive such connect ions. 

Position of Intercepting Chamber. 
The intercepting chamber • [41] is usually 
r(Mjuircd to he placed on the owner’s land, 
but as near the public sewer as possible, 
when one exists, or near the cesspool. In some 
town districts where houses are built up to the 
edge of the footway they are permitted in the 
public footway. In most cases at least one 
other inspection chamber is necessary, plac(*d 
close to the most distant point to which the 
drain requires to be carried. 

In tile town-liouse plan [39] the house drains 
and the stable drains have in each case only the 
intercejiting chamber and one other. Jn (he 
country-house plan [40], in which the rain- 
water drains and soil -drains are .separated, many 
chambers are required, due ])ar(ly to tiic large 
number of branches, partly to the* changtis of 
direction. Tht; rainwater drains ar<^ given a 
smaller fall than the soil - drains, which is 
permissible as they have not to convey solid 
matter. Details of some of the cliambers are 
given, indicating the method of combining the 
various fittings described under ditferent 
conditions [41-44J. 

R. ELSEY SMITH 
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Structure and Life History of the Ferns, Horsetails, 
and Club Mosses. Moss Colonies and Liverworts, 

FERNS, HORSETAILS, AND MOSSES 

The Fern Family, The highest group and species dilTer considerably according to the 
(Pteridophytes) of the seedless plants contains shape of sori, and their manner of distribution, 
many familiar forms, among which ferns and In bracken they arc close to the i^lges of the 
their allies {FiUrnuv) take a leading ])lace. It frond, and follow its outline ; in hart’s-tongue 
also includes horsetails (Equisetinw), and club- they are long streaks diverging from the middle 
mosses {Lifcopodruoi). of the leaf, and in polypody (Pohjpodiim), so 

That piirt of the geological history of the eommon on tree-trunks, and male fern they are 
globe during which we know’ positively that round patches fseii also 159J. A sorus may 
organisms existed is divided into three great have no special investment, as in ])olypody, 
epochs — Primary, Secondary, and Tertiary. or it may bi? covered by a membrane (indusivm). 
The last and shortest of the.se, which includes as in male fern. In some eases there are'i^^eial 
the presfnt period, is characterised by the fertile fronds of difTerent shape from the others, 
<lominanoc of pod-plants {Angiosparms) on land, upon which the sori are borne, instances being 
Avhile naked-seeded plants were afforded by the hard (lUechnnm boreale) and 

supreme during the much longer Secondary royal fern (Osmnnda regalis), the latter being 
epoch. Before this, in tlu* immense piuiod of our largest native species [152]. 
time embraced by the Prinuiry epoch, fern-like Spore-cases a«id Spoy^^S, Examination 
].)lants played by fur tin; most important part in of a ,sp£u^s under the mK:rosco]>e shows that it 

the vegetation of the land 1 157]. During a part js imwlc u]) of a number of stalked spore-ciiscs, 

of this epoch the coal-measures (>f Britain slowly in which are contained amimbcrof angular brow ii 

accumulated, and th(‘y are ehielly made up of ( 159]. A sporc-casc is of biconvex shape, 

the remains of such ))lants, some belonging to with a thickened ring (anw/d?/.?) running round the 
groups which are now’ intin^ly extinct, while ^r,vatcr part of its margin. This band is in a 
others an* repivsenti'd at the jireseiit time by sUxto of tension, and when the spores are ripe it 
species which are mostly small or even of in- tears ojiens the ease and scatters them, 
signitieant size. Germination of the Spores. The 8} lores 

Tree Ferns. The hot, damj) forests of cells of simple structure, and must not bo 

tropical and sub-troj)ieal regions may Ixi re- confounded with seeds, for, as we have already 

garded as the head(piart(‘rs of the fern group, l(‘arnt, these are of very eomjilex character. A 

In parts of the .southern hemisphere— notably spore, too, is not, like a seed, the result of a 

( eyion, Australia, and New Z(‘aland some feriLS process of fertilisation, hut is luscxually produced, 

grow' to the size of trees, and may even make ^'hoiikl it reach a damp snot U armice^gernnnates. 

up forests. J hey somewliat resemble judms in Its" firm coats s])lit, and two^^outgrowTlisninaire 

appearance, consisting as they dp of a long, bare their appearance — a delicate, eolourless, root-hair 

trunk, bearing a crown of feathery leaves [160]. which grows down, and a green thread that 

Parts of a Fern Plant. A fern plant makes its way upwani. But few- spores abl e 

of the kind familiar in this country generally to elTect their work of eontinmi^lhe^ It 

consists of an uiidtifgfouiid stem (rh izom e), luirTecirValc^ tliat, oh the average, only 

which may ereei> horizontally at some disfanee one spore per ])lant sueceetls in doing this each 

helow’ the siu’faee, as in bracken ai/inYmrt), .seaspn. And if these little bodies were not 

or may be ohliipiely embedded in it, as in male ]>r(^ifeed in vast numbers, ferns would soon 

fern {Aspidium Filix-mas). The stems of other lH*eome altogether extinct. We should naturally 

species are attached to tlie of trees, or (*xpeet that the germinating spore would grow 

find a home in the crevices of walls or rocks. ul pnee into a ucav fern plant ; but this is not 

Brown branch ing roo ts grow’ out from the stem, t h o ease. It gives rise 

and soi"ve, as u.sual,lTie double jiurpose of fixation g^mTlixpa nsion. the yiLiduailm [161], attached 

and absorption of a part of the food. The Icayes to the .soil by nuinerous root-hairs. Prothalli 

ca* fe!®l},ds grow' in the contrary direction into may often be seen in quantity in greenliouses, 

the air and light, and do the same work as in growing on the mould in which ferns have been 
.‘-ecd-plants. They are sometiint^.s broad and planted. The artificial conditions are very 
unbranched, as in the hart's-tongue {Scolopen- favourable to their jiroduction. 
drium), but their shape is commonly more or less Upon the under side ot the jirothallus, in its 
feather-like [1^-166]. Young fern fronds are central region (the cushion), which is thicker than 
rolled up in the shape of a bishop’s crosier, and its edges, w ill be found a group of cg^-orga ns 
are thus enabled to force their way up through [165], each of which consists of a basal" part, 
the soil without getting damaged. - embedded in the prothallus, and containing an 

Probably everyone ha.s noticed regularly egg-cell, and a projecting curved region. Seat- 

^•ra n g od brown pjatches on the tered about on the same side of the prothallus, 

term^ a but restricted to its thinner part, arc a number 

THIS GROUP EMBRACES BOTANY, Z00L06Y, AND BACTERIOLOGY 

1141 



QROMP 15- NATURAL HISTORY 


of very minute hemispherical projections, the 
speqn- organs [165], in each of which are pro- 
duc^'^a quantity of excessively small spjgcins,. 
shaped like fragments of cork- 
screw, and beset with delicate SPORB-aENERATioN- 
threads of ])rotopla.sm, in con- (fern plant) 

slant movement, enabling the 
sperms to swim about in the film of moisture 
covering the prothallus. 

Fertilisation. Within the mature egg- 
organ a sort of slime is produced, which swells 
up and forces apart the cells making up the 
projecting portion, so as to leave a passage down 
to the cgg-ccll. Meanwhile, the ripe sperm- 
organs have been burst open in similar fashion, 
and the liberated sperms swim actively about. 
The i^elime whic h oozes from the egg-orpns 
exerts a chemicai ^ttTaetion^trpon them,' ' rtnd 


©gg-organs and sperm-organs. We may call 
these two stages the Spore-generation and the 
Egg-generation, and show their relationship thus : 

sporo — ^Kgo-generation /Egg-organ-— cgg-ccll \ Fertilised I 
(prothallus) \ Sperm-organ — sperm / egg-coU | 

This remarkable phenomenon is known as 
“ alternation of generations,’* and is typically 
seen in fern-like ))lants, mouse s, etc., and many 
lower forms of plants. It is also characteristic 
of seed plants in a somewhat modified form. 

Adder’s - tongue and Moonwort. 
Those small and rather uncommon British 
ferns differ in .several ways from their allies 
just described, for they possess but a single 
leaf, which divides into a sterile and fertile 
part, while each spore-case develops from a 



should a sperm succeed in making its way down t< 
an egg-cell it fuses with it. This act of fertilisa 
tion is precisely comparable to the procesi 
described under the same mime for seed plants 
And it is ])ar-ticularly interesting to notice tha 
among the lowest of the latter (Cijrads). lh( 
pollen-grain gives rise to motile sperms, insteat 
of growing out into the usual pollen-tube. 

f ertilised egg-cell at once Vjcgiiis t( 
divides gives rise to a young fern 

plant, which remains for a time attachetf to tlu 


prothallus, but ultimately drops off and takes 
root in the ground. The prothallus now perishes. 

. Alternat ion of Generaticina. We see, 
th^T<5i'Si""*Tftflt 'lliw life hieiuiFf ^*91 the fern 
includes two alternating stages; (1) The 
ordinary fern plant, which ‘produces 
asexually, and (2) the nro^hallus . possessing 
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group of cells, and not from a single one, as is 
the case in an ordinary fern. In the adder s- 
tongue {Ophioqlossum) [162], the sterile part of 
the leaf has a simple outline, while the elongated 
fertile portion is practically a mass of closely 
crowded spore-eases. But in moonwort [164] 
both parts of the leaf are branched in a feather- 
like manner. 

Water-ferns (Hydropteridre), The water- 
ferns make up a small but interesting group 
of little plants which are either purely aquatic 
or grow with some exceptions in ground 
of a swampy character. 

The lake quill wort (laoetes laevstris) [167] 
is found in this country growing at the bottom 
of mountain lakes, from North Wales north- 
wani and looks at first sight like 'a stoutly 
built grass. But it is in reality a relative of 


HOW FERNS SPREAD THROUGH THE WOODS 



168 . TTTE SP071E-CETJ.S CEFSTERINO TO THE UNDER SIDE OF THE FRONDS OP A PERN 





GROUP 15'NATURAL HIRTORY 


adder’s-tongue and inoonwoit, and if, during 
the summer, we examine the inner sides of the 
bases of its leaves, v’o shall lind that each of 
them bears a comparatively large si>ore-case. 
As in all the water-ferns, tlic^se are of two kinds, 
which respectively contain small spores and large 
spores, and, having regard to the fate of these, 
wc may call the leaves which produce them 
male upore-leavfs and female spore-leaves. For 
a small spore germinates to produce a minute 
male i)rothallus with a single sperm-organ, 
while a female spore gives rise to a rather larger 
iVmmIe prothallus, which bears a few egg-organs. 
C)f the remaining members of this group, which 
are more nearly related than quill wort to 
ordinary ferns, the lirst to bo considered is 
salvinia [166], e. -small aquatic plant, native to 
South Europe. It is entirely devoid of roots, 
and consists of a stem bearing two kinds of 
leaves, some being oval and floating on the 
surface, while the otlici s 


up of mucilage that bursts open the fruit in a 
valvular fashion. The rest of the life-history is 
much the same as in Marsilea. 

The Horsetails. The extinct members of 
the Horsetail groups (Equisetince) played an im- 
portant part in the formation of coal vegetation, 
but all existing forms belong to a sin^e genus 
(Equiseltini), most species of which are of com- 
paratively small size [168^. One tropical horse- 
tail (E. (jiganteiim)t however, reaches the height 
of over 30 feet, and one of our native forms 
(E. maximum) may be six feet in length. 

Structure of Field Horsetail, The small 
field horsetail (E. arvense) of Britain abounds 
in waste places of damp character, and grows 
from a creeping underground stem, which is 
very difficult to eradicate. Barren and fertile 
shoots push up from this in spring to the height 
of about a foot. The former consists of a hollow, 
jointed stem, from the 


are finely divided and 
submerged. The latter 
play the part of roots, 
an(l they arc also fert ile, 
for at their bases are 
found rounded soil con- 
taining large-spore and 
small-spore cases. The 
H])ores germinate within 
these in much the same 
way as in qiiilhvort. 

Marsilea [ 168 ] 
grows in marshy 
ground, and is re])re- 
sented by European 
and Australian species. 
There is a crcejjing 
stern, from the under 
side of which roots are 
given otT. The long- 
stalked leaves fork into 
a sterile and a fertile 
portion, the former ter- 
minating in a blade 



nodes of which stilT 
circlets of narrow green 
branches grow out, the 
leaves being repre - 
sented by a toothed 
sheath at the base of 
each circlet. These 
parts are strengthened 
by a good deal of flinty 
matter, so much so that 
this species and its 
cousin, the Dutch rush 
(E. hi/emah), are used 
for polishing metal. 

A fertile shoot pos- 
sesses leaves but no 
branches, and ends in 
a club-shaped ‘‘ flower." 
This is made up of a 
large number of stalked 
spore-leaves, each of 
which bears a set of 
elongated s])ore-eases, 
in which numerous 


which is divided into 160 . a tree fern, cyathea inskunis rounded spores arc pro- 

four parts, and some- diiced, all of the same 


what suggests woixl-sorrel in general appearance. 
The fertile section ends in a liard, bean-shaped 
structure, which may be called the spore-fruity 
and contains a number of spore-cases, of which 
some enclose large and other small spores. 
When these arc ripe, part of the internal tissue of 
the fruit is converted into mucilage, which swells 
up and splits open the firm investments along 
one side. The spores now germinate to give rise 
to the two kinds of prothallus, and the fertilised 
egg-cells grow into new plants. 

Pill wort (Pilularia) grows in the same 
kind of places as the last-named plant, and 
is a European species occurring in Britain. It 
])os8esscs a creeping stem with roots, and 


size, as in ordinary ferns. In some horsetails 
both fertile and barren shoots bear branches. 

How ibe^ Spores are Scattered. The 

covering of the ripe "Sfubro splits" into four 
threads, elatersy which spread out when dry, 
but coil round the spore when damp. 
the former condition they help to push the 
sjmrcs out of their cases, and give an increased 
surface which helps dispersal by the wind. 

Although the horsetail spores are all of the 
same size, they give rise to two kinds of prothallus, 
niale and female, which respectively produce 
sperm and egg organs. The prothalli are not 
unlike those of an ordinary fern, and the egg-cells 
arc fertilised in the same fashion. 


narrow leaves. Barts of their bases are modified 
into rounded, brown spore-fruits, the shape of 
whicli has suggested the popular and scientific 
names. These contain a number of spore-cases 
of both kinds, which are liberated by the swelling 


Club-Mosses. The little club-mosses (Li/co- 
podince) of our moors and mountains are the 
dwarfed representatives of a group that was 
dominant in the daj^s when our coal was being 
formed, at which time many of them were large 
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161 . THE PROTHALLUS PRODUCED FROM A FERN SPORE 


The right-hand phoU>grai)h is a more higiily magnified portion of tl\e prothnihts; the conieal bodies aro the egg-organs 
and tl>c pale round organs produeo the male ferlilising sperms. 


forest trees. The most striking British species is flasli of liglit can be prodiicod, which has oflon 

the stag’s-horn club-moss (Lycopodiitm clavatiim) clone cluty for lightning on the stage ; and it is 

[ 170 ], the long forking stems of which are thickly interesting to know that some layers of coal are 

coverex:! with scale-shaped leaves, and creep along almost entirely made up of the si)orc-cases of 

the groimtl, into Which they send roots at extinct mend)ers of the group, 

intervals. Some of the branches end in elongated The spores of t he stag's-horn club-moss 
cones, comparable to those of horsetails and to germinate to produce small tuberous prothalli, 

the dowers of soed-i)lants. Upon the basis of which live unclergound and form a sort of joint- 

the crowded leaves which these bear the spore- stock company with a kind of fungus, as we have 

cases will be found, each of them containing elsewhere seen to be the case Avith the roots of 

numerous yellow dust-like spores, all of the same certain seed-plants. A proth.illus bears both 

kind. These minute bodies are very resinous, sperm and egg organs, and the details of the life- 

and therefore extremely inflammable. The history resemble those of ordinary ferns, 

yellow powder known to the Pharinacopana as Selaginella. Selaginella is ' a relative of 
“ lycopodium ” is made up of them, and by the club-mosscs, and is represented by a large? 

blowing some of this through a gas-jet a bright number of species wln'ch are particularly common 



162 , adder’s tongue 163 . common horsetail 164 . moon wort 
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in tropical regiorw. It lives in wet places, and 
we have one native species (S. sehig'inoidf,^) fl69], 
while others like the S. Kraussiano are cultivated 
in our greenhouses. The plant creeps along the 
ground after the fashion of a club-moss, but its 



165. SPERM AND K(JO ORGANS OF A FERN 
T1k‘ c^jr-orf/an is slanvii in ction 


leaves are thinner and more delicate, in as.soeia- 
tion with the moisture-loving habit. Like a 
club-moss, too, some of its branches end in 
eone-like flowers, but Die spore-eases are of 
two kinds, .as shown in 169, la oducing large and 
small spores respectively. 

In the life-history of selaginella there is a 
general agreement, with the water-ferns, 'the 
macrosporc germinates into a small female 
prothallus, which projects from the spore and 
pos.sesses a small number of egg-organs, while 
the germinating small spore b(^eomcs a very 
minute male prothallus, wliieh is practically 
nothing more than a sperm-organ, ])roducing 
motile sperms, as in many of the cases we have 
already described. 

We may re])resent the life-history as folloA\'s, 
the same diagram serving for the water ferns : 


dry conditions. Its stem and leaves have firm 
coverings, by which undue evaporation is pre- 
vented, and are traversed by strands which 
conduct liquid from the roots. 

The Beginnings of Flowers. We are 

probably justified in looking upon the insignifi- 
cant egg-generation (the prothallus) as being the 
imieli diminished representative of the remote 
afjiiatic ancestor from Avhich the fern has de- 
scended, while the “fern plant,” the spore-genera- 
tion, is a special development that has gradually 
arisen as an adaptation to the conquest of the 
land. As we ]).ass up the scale to seed plants, we 
shall find that the egg-generation becomes more 
and more reduced, and the spore-generation of 
increasing importance. And we shall discover 
the beginnings of flowers, which are simply 
speci.al shoots bearing spore-leaves, and giving 
theiiLselves up to the j)roductioii of spores, either 
all of one size, as in horsetails and club-mo.sses, 
or large and small, as in the case of water- 
ferns and selaginella. 

Alternation of Generations in Seed 
Plants. All the fern-like plants are more 
or less tliwarted in tluur attempts to dominate 
the land, because they still retain in their life- 
history an egg-generation (prothallus) which is 
very dependent upon moisture, and partly 
because the motile sj)erms, essential for the 
ferlilis.ation of the egg-oells, have to swim to 
their destination. But seed jdants, though they 
still retain an egg-generation, have reduced it 
to very small dimensions, and have so arranged 
matters th.at they are no longer obliged, for its 


sake, to Jive with “ one leg 

SrORK-OENKRATION KOC-OK.NKRATION* in f hp ” T iim f hpii 

St-I-itflnolH T.Innf 1 ^T>ortWiMnaUM>nttliallu‘<--oag-or}zaiv -('KR-coin TVrfilisoct i • «' -'i i-f i ' 

o lajr n -lla I lanr mnic* jirothalliis — spi'iin-orj^aii — speria } ojjtc-fcll briefly consider the life-his- 

tory of a flowering plant in 

*T*i oa VI 'in....... xi. - n i ^ r , . , . ^ 


The Struggle for a Foothold. There is 
no doubt that water is the original home of life, 
and it is only by a long process of evolution that 
certain grou])s of .animals and plants have become 
fitted for existence on land. Limiting ourselves 
for the present to Die latter, we may say that 
marshes, swamps, and danq) })laces in general 
constitute a sort of half-way house between 
water and land, and ])lay a very leading part in 
the tactics of forms which are endeavouring to 


the light of what has just been said. 

The Life History of a Flowering 
Plant. The “plant” itself is the spore- 
generation, and its flowers .are arrangements for 
producing spores, in this ease of two "kinds, large 
and ‘Small. The carpels are spore-le.aves giving 
rise to large spores (enibryo-saes), contained in 
s])ore-caseH (ovules). The stamens arc also 
spore-leaves which produce small spores (pollen 


ab.andon the old aipiatic home. It is also 
important to remember that the life-history of 
any particailar org.anism broadly recapitulates in 
summaiy form Die evolutionary history of the 
group to which it belongs. Bearing this in mind 
we shall be able to undta’staiid the mysterious 
phenomenon of alternation of generations, of 
W’hich several cases have been described. 

If we take, for instance, the life- hist oiy of a 
fern, avc find a small, relatively insignificant 
egg-generation (the prothallus) living in very 
moist surroundings, of Avhich the fertili.sed 
egg-eells become the relatively large and complex 
“ fern plants ” that constitute the spore- 
generation, and produce spores which germinato 



166. SALVINIA 167. QUILLWORT 168. MARSILEA 


into prothalli. The spore-generation, it is true, grains), developed in spore-cases (pollen- 

flourishes best in damp, shady places, but it is far sacs), of which four tn embedded in each 

less dependent upon moisture than the prothallus anther, at least, in the case of pod plants, 

is, and is adapted in many ways to comparatively The egg-generation consists of male and female 
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prothalli. The male prothallus is very minute 
indeed, and represent^ by the contents of the 
germinating pollen grain. The stigma provides 
the necessary moisture for germination, or, in 
naked-seeded plants, this is provided by the 
scales of the female cones. We may regard 
the noll^p tu|y > e as a spcrm-oru^n. and in most 
cases t he nionte^spSms*^ superseded, 

some of the contents of the pollen-tube passing 
directly into the egg-cell. But cycads still 
produce sperms, which swim about in a small 
quantity of fluid provided for them by the 
ovule. It is not surprising that these should 
be present in the cycads, for they are the lowest 
of seed plants, and therefore most like the ferns. 

The female . prothallus is represented by the 
contents of the embryo-sae, and is safely shel- 
tered within the ovule. In a naked-seefled plant, 
such as the Scottish pine, this prothallus con- 
sists of a small mass of cells (endosperm) formed 
before fertilisation, and of a couple of egg- 
organs, something like those of a fern, but 
much reduced, and each producing an egg-ecll. 
In a pod plant the female prothallus is still 
more reduced, and so are the egg-organs, but 
there is a large egg-cell. All tliis may be 
expressed in the scheme on this ])age, which 
should be compared with that given on the 
previous page for sclaginella. 

The conspicuous parts of a flower have been 
developed, »vs we have seen, for the attraction 
of insects or other animals which carry about 
the . small spores (pollen grains). We have 
considered the use and jiaturc of seeds, and 
it w'ill be suftieienf/ to add here that recent 
research luis revealed the existence of extinct 


Tliey also Iiave begun the conquest of the land, 
but have .not accomplished so much in that 
direction. Properly developed roots and strands 



S l»ORE-a ENER ATION 


Send plant 


/‘f.arKO sporo 
J (fTiibryo-siiC') 
j Small spore* 
V.(j>ollrn-Kiaiii) 


Kuu-genkratiox 
foinalc protlialliiH 
(ooutonta of o. siu*) 
male prothallus 
(contents of p. grain) 


plants which possessed what mav be called 
incipient seeds, and which form a link bet%veen 
fernlike species and cycads, the lowest form o’f 
seed plants. 



169: SELAGISKLLA AND ITS PARTS 


Mosses and Liverworts. Descending a 
step lower in the scale, wo now' come to forms 
of plant life (Bryophytes) which are more depen- 
dent upon moisture than ferns and their allies. 


egg-organ - cgg-cell 

(rc(luc(‘<l) 

sperm-organ - sperm 

(polleii-tuhc) (or i)art of contents 
of p. lube) 


Fertilised 

egg-(.‘ell 


of tissue (vascular bundles), which convey crude 
and elaborated sap, and give support, are 
eminently eharaeteristic of the higher land- 
plants, or, to speak more correctly, of the 
spore-generation of such plants. Mosses and 
liverworts jiossess no proper roots, but only 
root-hairs, and their small spore-generation is 
only beginning to develop vascular bundles. 

If we examiite a fruiting moss w'e shall see that 
it consists of a slender stem bearing numerous 
delicate Hattenod leaves and brown threads (the 
root-hairs). Attached to such a plant will bo 
found one or more stalked spore-capsules. There 
is a well-marked alternation of generations, for 
the moss plant itself is the egg-generation, iind 
each spore-capsule a spore-generation. 

£gg«generation of Moss. Although 
mosses are closely wedded to damp surround- 
ings, they can stand a largo amount of desic- 
cation without being killed. But it is in the 
wetter parts of the year that they are in their 
prime, and wo shall then find that groups of 
egg-organs and sperm-organs are developed at 
their tips, sometimevs associated and sometimes 
not. In hair-mosses {Polytrichnm) the ends of 
certain plants present aggregates of red or 
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orange coloured leaves [171]. If we dissect one 
of these so-called “ llowcrs of moss,’’ a group 
of sperm-organs will be found, each of them 
being a club-shaped struclure [172], within which 
numerous motile sperms arc produced. At the 
lime of maturity the sperm-organ is forced open 
by the swelling up of mucilage, and the sperms 
make their escape. They swim about in the 
moisture clinging to the moss — to them an ocean 
— in search of egg-cclls to fertilise. 

Flask-shaped egg-organs [173] are produced 
at the tips of o(h(*r moss-jilants, or on the same 
])lant, and in each of t.heso is an egg-cell. By 
the expatLsioii of slime a passage is ojiened 
down the neck of the flask, and. as in the fern, 
this slime exerts a chemical attraction upon 
sperms. If one of these microseo])ic bodies 

succeeds in finding its way down to the egg-eell 
it fuses with and thus fertilises it. The fertilised 
egg-cell now actively develops to form the 
spore-generation or 
spore-capsule. 

Spore-genera- 

tion of Moss. , 'W^ ^ 

The young s])ore- ! J 

capsule develops W I 

within the egg- / /fl » 

organ, which at first 

keeps pace w’ith its rlTTf^ 

grow'th [174]. riti- jf 

upper part is carried A 

up as a sort of ex- M Yaun^ 

tinguisher - shajied IjM ' 

cap (cahfiitm) ujion /j^ ^ 

the capsule, which ^ 

may be seen as a /;/ ^1 t 

large fibrous striic- ^ Q 

lure in hair-moss. jj h 

’riie spore-genera- 

tion never attains 

MU iiidejicndent ex- W 

ist cnee, but remains Yl u/ 

embedded as a sort \ / ^9!? 

of parasite in tlie 

egg-general ion. The 171. iiAm-MO.ss 172 

capsule whicli it 176. .mauciiantia 

bears is of very 

different si/e, shape, and strneturo in different 
species. Within this capsule numerous dust-like 
sj)ores are j)ro(luced. 

Dispersal of Moss-spores. The top of 

the ripe moss-capsule falls off, and the ojuming 
exposed is bounded by an elegant arrangement 
of tooth-like strips, the tips of which arc some- 
times attached to a central membrane. But, 
ill any ease, the arrangement is very sensitive 
to moisture. Wet weather is unfavourable for 
the wide distribution of the spores by the 
wind, and the teeth are then closely apposed. 
But on a dry, w^arm day they curl up, leaving 
spaces between them, through which the s])ores 
escape. If a moss-spore reaches a suitable damp 
spot it will germinate, giving rise to branching 
green threads (prerfonewa), upon which new 
moss-plants are produced as buds [175]. 
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We thus summarise the Kfe history of a moss, 
placing the more important generation first ; 


Egg- 

OEXEIIATION 


M<iss i)lant 


/ ISporin-organ— -sperm 1 


Spore- 
generation 
Fortlllsod egg-ccll — 


(. — etfK-ccil / Spore capsule — spore 






\' y/ Cfp or^afu LH^ien} 

’ 

171. iiAm-Mo.ss 172-175. details of moss 
176. .MAUCIIANTIA 177. PLAtUOCIIILA 


Mosses are usually found matted together 
in extensive colonies, w'hich are largely formed 
by a process of vegetative reproduction. The 
branches keep on growing, and their older 
parts decay, w^hile the ends remain to form 
indoyiendent plants. Peat is chiefly formed 
by the growth of peat-mosses on a large scale. 
Thc.se are far more dependent upon moisture 
than the ordinary sortJ}, and their branches 
and leaves are hollowed out into cavities, by 
wdiich water is readily taken up. 

Liverworts. Tavervvorts are lowly rela- 
tives of the mosse.s, presenting a great 
variety in form and 
habit, but possess- 
\ A ing a life-history 

much like the one 
\ A ^ just described for a 

I -■-" — typical moss. Some 

£ j yL ohhem arc common 

^ ^ ^ banks, or 

^ \ l\ within the roach of 

If spray from W'ater- 

1 • ^ ns falls. Many-— such 

I j T as the marehantia 

X- are borne on the 

■ iiikUt side of up- 

* , 7 ^ right, umbrclla- 

slia[)ed branches, 
175. DETAILS OF MOSI3 W’hilc the sperm- 

177. PLAtuuciiiLA organs arc to be 

found in a similar 
position on mushroom-shaped ones. There is also 
a special provision for vegetative reproduction 
in the form of little green cups, within which 
are produccfl minute rounded gemmuhs, capable 
of growing into distinct phints. 

The sj)ore-capsulc of a livervvort is not so 
complex as that of a moss. Its stalk does not 
elongate till the spores are ripe. These arc con- 
tained in a rounded swelling, which may 
split open regularly or irregularly.**. Scattered 
among the spores there are usually a number 
of clastic threads {elaiers), which assist in the 
dispersal of these microscopic bodies. 

The higher liverworts somew^hat resemble 
mosses in appearance [177], and are often found 
living among thorn. Some such forms grow on 
the bark of trees, and do not lose their vitality 
if they dry up. J. R. AINSWORTH-DAVIS 
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The Dynamo— continued. Windinfis. How to Join up the Armature- 
conductors. SelNexciting and Independently Excited Dynamos. 

THE DYNAMO 


Lap Windings and Wave Windings. 

We have seen that the proper breadth of each 
loop of the winding is that it should be 
approximately equal to the pole-pitch — that is, 
the arc from the middle of one pole-face to the 
middle of the next pole-face. We have also 
seen that the loops should bo joined up in a 
regular series. But there are two mode? of 
doing this, and they lead to slightly different 
results. These two modes of grouping tlie 
coils are termed respectively lap winding aiwl 
wave winding. To understand these modes, 
lot us adopt a method of representing a 
current flowing in a wire. It is easy enough 
to indicate which way a current flows in a 
wire by simply drawing an arrow by the side 
of the wire to point the direction, as w'as 
indeed done in the article on batteries 
[p. 371]. But we need also a way of sliowing 
the direction of the current in diagrams that 
show the section of an armature, wbeie the cross- 
section of the wire appears merely as a small 
circle. To indicate a current 
coming towards us in such 
a section, we will put a 
dot in the middle of the 
small circle ; and to indicate 
that a current is going from 
us, we will put a cro.ss in the 
circle. Now let 71 represent 
a section of a piece of an 
armature of a. multipolar 
dynamo that has the wind- 
ings laid two-deep in slots. 

Lot us suppose this arma 
ture to be revolving right- 
handedly past the poles, as 
shown by the dotted arrow. Tlien, by applying 
the right-hand rule [p. 1007], it is easy to ascer- 
tain that the induced cuiTents will bo flowing 
towards us in those wires whicli are moving 
past the south pole, and will be flowing from 
us in those wires which are passing -under the 
north polo. (If the motion were to bo 
reversed, the directions of tlie currents w'ould, 
of course, be also reversed.) Accordingly, 
mark these directions with dots and crosses, 
as in 71’. Now consider a loop made of two 
of these conductors by joining their distant 
ends by an end- bend (shown dotted), their front 
ends being brought out towards one another. 
Wo select as one conductor a wire in the top of a 
slot under the middle of the south polo, and, as 
the other, a wire in the bottom of a slot under 
the middle of the adjacent north pole. This 
constitutes a typical loop, and wo see which 
way the current will flow around it. 

Successive Laps. Now, the question 
>8, how shall we join up this loop to other 


similar loops in the other slots ? Suppose this 
machine had been an 8-pole machine, with 40 
slots. (A real machine would have a larger 
number of more slots, but we take this small 
luimber as being manageable.) That makes 
live slots per polo. Tlien, if the slot under thb 
middle of the south polo bo regarded as slot 
No. 1, tho slot under the middle of the north 
pole will be slot No. 6. There Ix.'ing two con- 
ductors in t*ach slot, we may number them as 
foiloTvs. Conductors in the tops of the .slots will 
be called 1, .3, 5, 7, etc., while the conductors of 
the lower layer in the bottoms of the slots will 
be even numbers, 2, 4, G, 8, etc. Our typical loop 
is made by joining wire No. 1 to wire No. 12. 
We may make similar loops by joining No. 3 to 
No. 14, and No. .5 to No. 10, and so on. Now, 
to join the loops together into a continuous 
winding, the simplest way is to join the end of 
the first loop to the beginning of the second, 
the end of the second to tho beginning of the 
third, so that tho order in which tlio conductors 
arc loincd up is 
1-12-3-14-5.10-7-18.9-20-11, 
etc. 

It will be seen that in this 
mode of joining the winding 
laps hack u]X)n itself, tho 
loop 3-14 overlapping 1-12, 
and so on. If the scries bo 
continued, Tve go right round 
th(‘- whole lot, and end off as 
follows : 69-80-71-2-73-4- 

75-6-77-8-79-10-1. 

Successive Waves. 
The other mode of grouping 
is called wave winding. To 
carry it out we shall need an odd number of slots 
— s iy, 39 instead of 40. The first slot will con- 
tain conductors Nos. 1 and 2, the last slot Nos. 77 
and 78. Now consider the loop matle by Nos. 1 
and 12. Instead of lapping biick to the loop made 
up of Nos. 3 and 14, connect the winding forward 
to a loop surrounding tho next north pole further 
on — namely, tho loop made up of Nos. 21 and 
32 — and let this be again joined forward to the 
loop opposite the next south pole in regular 
succession. Four such loops will then run as 
follows : 1-12-21-32-41-52-61-72 ; and this 

has brought us round not to the slot from whi(;h 
we started, but to the one next to it. It will be 
soon that the successive steps forward are values 
of 11 for the front pitch, and of 9 for tho back 
pitch. If we continue on, we .should have, after 
61-72, the numbers 81 and 92. But there are 
only 78 conductors in all, so that the 81 st is 
really No. 3, and the 92nd is No. 14 ; so wo get 
for the next round of the series : 3-14-23-34- 
43-54-63-74 ; and so on until we have gone 
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through the whole sot and wind up on the 
eighth round as follows : 

19-30-39-r>()-r)l)-70-l-12 ; 
thus ending by becroniing re-entrant. 

Anyone who want.s to become familiar with 
wave-Avindings should draw a diagram of those 
39 slots around a circle, and join up the con- 
ductors in the bishion followed in 74. We shall 
nicn'ly remark that while for a lap w'inding any 
number of slots, odd or even, can be used, for a 
wave winding the number of slots must be odd, 
and must fulfil the formula S = p?/ - 1 ; where 
S is the number of slots, 
j) the number of poles, 
and y tlie average num- 
ber of slots of the winding 
pitch (in the above ease 

y ^ 5 )- 

Paths Through 
a Winding. It was 

remarked above that in 
any re-entrant winding 
there are nee(‘ssarily at 
least two patlis for the 
current. We have next 
to examine this point 
more closely. To help m 
in this let us eonsid(‘r 
a* 4-pole ma(‘hin(‘ s\ich 
as 50. The currents in 
the conductors that are 
passing under the poles 
will have directions as 
already determined hy 
the ride of the right 
hand. Now eonsid(*r 
the winding scheme for a 4-pole machine, 
as simplified in the diagram [72]. Here there 
are supposed to be only 1*2 slots, witli two 
eondnctoiB in c^ach. 'riie four magnet-ptdes are 
not drawn, they must be imagined; and we 
can describe their positions by the respective 
quadrants 
they face. Jbit 
we see that if 
the four poles 
stand as in 55, 
and if t b e 
armature is n*- 
volving right- 
handedly, as 
in 71, the in- 
duced currents 
will bd llowiiig 
towards us in 
all Avires that 
are passing through the NW and SE quad- 
rants (being marked with dots), and Avill bo 
flowing from us in all wires that arc passing 
through the NE and 8W quadrants (being 
marked with crosses in the diagram). Now let 
these 24 conductors be joined up in a lap winding, 
taking the back pitch as 7 and the front pitch 
as 6— that is. No. 1 conductor is joined at the 
back of the loop to No. 8 conductor — and then 
let the connection at the front from No. 8 lap 
back to No. 3. Tlio numbering and connections 
of the various conductors is perhaps better 
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understood by use of a developed winding diagram 
such as 73, Avhich represents the same winding 
as though laid out fiat. In the radial winding 
[72] all the end-bends of the loops that are 
at the “ front,” or commutator, end of the 
armature, are draAvn at the interior, while all the 
end-bends at the “ back ” of the armature are 
drawn at the exterior of the diagram. Now, to 
botli these diagrams [72 and 73] let us add arrows 
to show the directions of Aoav of the currents. 
For example, in conductor No. I, wdiich is in the 
NE quadrant, the cross in the small circle 
indicates that the in- 
duced current is flowing 
from us. Let us then add 
arroAV-heads on the front 
end - bends leading to 
No. 1 in that at the back 
leading from No. I to 
No. 8. When we shall 
have similarly marked 
all the eonnccling wires, 
Ave shall discover that 
there are four points on 
the Avinding to or from 
Avhicli the currents con- 
verge. Thus, tAvo cur- 
rents run to converge 
toward each of the two 
})oint8 marked P (posi- 
tive), and two others run 
from (*aeh of the tAvo 
points marked N (nega- 
tive). As sliowm in both 
72 and 73, the Avindings 
are joined at n^gular in- 
tervals by risers to the bars, or segments, of the 
commutator, marked a, b, r, d, etc. A little con- 
sideration. will show that it is just at these four 
I^oints marked N, P, N, P, that the brushes must 
be set to eolk'ct the currents. The two positive 
brashes at PP must bo joined together and 

connected to 
the positive 
main of the 
circuit ; and 
the two nega- 
tive brushes 
at NN must 
similarly 
be joined to 
the nogatiA^e 
main of the 
circuit, and it 
now becomes 
evident that in 
this lap-wound 4-pole armature there will be four 
paths — all “in parallel” Avith one another — from 
the negative to the positive side. If the machine 
were delivering, say, 100 amperes, 2# amp(?res 
W'ould flow along each of the four paths. This is 
one of the properties of a lap winding — there will 
he as many j^hs throvjgh the armature windings 
as the machine has poles ; and there will be 
needed as many sets of brushes around the com- 
mutator as the machine has poles. 

Series Parallel Circuits. Now turn 
to the case of the wave winding. The corre- 
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spending diagrams are given in 74 and 76, the 
former being a radial diagram, and the latter a 
developed diagram. The number of slots is 11, 
of conduotors 22, and of commutator bars 11. 
It is still a 4-pole machine, with induced cur- 
rents coming toward us in the NW and SR 
quadrants, and going from us in the NE and SW 
quadrants. The winding pitches back and front 
are both 5, for No. 1 is joined at front to 
No. 6, and No. 6 at back to No. 11. If now wo 
think out the directions of the currents, and 
draw the ajrrow-hcads in all the end-bends, we 
shall discover that there 
are only two points in the 
winding where the cur- 
rents converge — one P 
(positive) and one N 
(negative). In this case, 
therefore, the adoption 
of a rmve winding leads to 
the result that though 
the machine has four 
poles, there are only two 
paths in parallel throngh 
the armature^ and two 
brush -sets only will bo 
needed, and these must 
be set at a distance of 
one pole-pitch apart on 
the periphery of the com- 
mutator. It is a property 
of a wave winding (if 
made like this, with one 
slot fewer than an exact 
multiple of the number of 
poles) that two hrush-sets 
only are needed^ whatever the number of poles; and 
there will be two paths only through the windings 
from negative to positive. .Such armatures are 
sometimes called series wound, though series 
parallel is more accurate. This kind of winding 
(using former wound coils like 57, grouped to 
form a wave 
winding) is pre- 
ferred for tram- 
way motors and 
for variable 
speed motors 
generally. It is 
also good for 
such generators 
as are to give 
relatively small 
currents at high 
voltages. By a 
modification of 
the same plan windings can bo found which 
will give either two, four, or six paths through 
the armature of a multipolar machine. 

Rocking the Brushes. It will now be 
evident why the brush-sets must be moimted on 
an adjustable frame. It is that they may bo set 
at the exact spot, or neutral position, where the 
currents tend to converge. If they are shifted 
from that spot, the usual effect is an outburst 
of bright spar^, which are destructive of the 
commutator. The so-oalled rocker is a clamping 
fi^e to prooure exact adjustment of position. 



Ringawound Armatures. Earlier in 
date than either the lap-wound or the wave- 
wound toothed drum armatures w'ero the ring- 
wound armatures of Pacinotti (toothed ring, 
1804) and of Graramo (smooth ring, 1870). In 
both these the wires were coiled on a ring-core, 
the wire being wound on the ring in sections, and 
each section being joined up to the next, so as 
to make a re-entrant winding. This winding 
was connected down at regular intervals to the 
segments, or bars, of a commutator. The scheme 
is shown diagrammatically in 76. In fact, 
though the separate coils 
do not overlap one 
another, the winding pro- 
grc.sses regularly around 
the ring, and precisely re- 
sembles in its propertic.s 
a lap winding, save that 
ea.ch turn of the winding 
threaLkback through the 
interior of the ring. This 
prevents the use in ring- 
wound armatures of 
former- wound coils. The 
commercial introduction 
of the Gramme ring gave 
an immense impetus to 
the infant industry, but 
ring windings are never 
now used, except in 
quite small machines 
and little motors. The 
bipolar lap- wound drum 
winding was due to Von 
Hefner, in 1872. 
Commutation. If atten- 


WAVE WJNDINO, RADIAL DIAGRAM 



Sparkless 

tion bo directed to individual loops of the wind- 
ing it is seen that as thc'y pass along under 
succes.sivo polos the currents induced in thorn 
are continually reversing in direction. The 
reversal takes place as the slots containing 

the sides of tin* 
loop have passed 
away from being 
under the poles 
and are just 
coming again 
under the tips of 
the next pair of 
poles. This is the 
monlent when 
the correspond- 
ing bars of tlio 
commutator are 
passing by tht? . 
collecting brush. As the brush is generally broad — 
broader than the breadth of a commutator- bar — 
it follows that at the time when the brush makes 
contact with two bars of the commutator at 
once the coil, or loop, whoso ends arc joined to* 
those two bars will be short-circuited. If the 
brush be broad, the duration of this time of short 
circuit will be longer than if the brush be narrow. 
Now, it takes time for a current in a loop to bo 
reversed in direction, for the current has to 
die down and then grow again, flowing in the 
opposite sense. Bro^ carbon- brushes give the 
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necessary time for this operation, and the 
resistance of the film at tlie siuiace of contact 
acts like a valve-port of varying size to turn the 
current off and on again in the looji. Thus the 
resistance at the fac^e of a broad crarbon-brush 
affords a means of natural commutation without 
sparking. Jhjt if the cuiTcnt to be collected 
is too great, or if there is not tiim^ enougli 
(dlowed in the brief duration of the passing 
eontaef , and if metal brushes are used, then resort 
must be had to forced commutation. By this 
t(*rm is meant the introduction into the loop or 
coil that is undergoing commutation of induced 
('leetromotive forces that tend Xo force the cur- 
rent in it to reverse during th(^ time of contact 
with the brush. Such forcM'd commutation is 
effected in on(‘ of two ways. The* oldest way is to 
rock the brushes to a position ./orjmn/ from the 


or paths, through the windings (2, in wave-wound 
armatures, or as many as p in lap-wound 
armatures). Let Z stand for the number of 
conductors all round the armature, this being 
the same as the number of slots multiplied by 
the number of conductors per slot. (In actual 
machines this number is seldom under 80, and 
seldom over 1200.) Lastly, let the number 
of revolutions per minute be called RPM, so 
that the number of revolutions per second will 
be HPM-i-OO. Then it is clear that the number 
of poles passed in a second by any one conductor 
will be ecpial to p '^RPM :<00; and the number 
of lin(‘S cut per second by any one conductor 
will be equal to N x p x RPM -4^ 60. New, 
one volt is equal to the cutting of 10” (that 
is, 1(K),(KX),(KK)) of lines per second. Hence, 
the numbtir of volts generated in one conductor 



neutral point, so that th(* coil, or looj), is actually 
beginning to cut the magnetic lines duiing the 
time of brush contact. Th(* newer mode is to 
provide anxilianj poles, called reversing poles, 
between the ordinary poles of the field-magnet. 

Calculation of a Dynamo. The electro- 
motive force of a dynamo depends on the 
strength of the magnet- p(des, the number of 
condiu;tors on the armatujv, the speed and the 
gmuping of the windings, and is readily calcu- 
lated as follows. Let N stand for the "number 
of magnetic lines that any one pole — all the four 
poles should be equally strong — sc'nd across 
the air gap to the armature — that is to say, the 
amount ol magnetic flux per pole. This will 
be usually some number between 1,000,000 and 
20,000,000. Let p stand for the number of 
poles. Let c stand for the number of circuits, 
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of the armature will be N < p x RPM : 
(60 X 10”). But there are (Z) conductors, and 
these arc all joined up together in a particular 
way so that they constitute (c) circuits or paths, 
and the number in series in each circuit or path 
will be Z ^ c. Hence, if we multiply the volts 
generated per conductor by this number we find 
an expression for the whole voltage (E) generated 
by the machine. So wo write 


p RPM 
c ' 60 


Z X N 


For example : In the dynamo depicted in 
50, p==4; N 2,700,000 ; c= 2; Z = 444 ; 
RPM— 640. Making the calculations, we have : 
4 640 

-gjj- X 444 x 2,700,000+100,000,000=256 


volts. 




Excitation of Magnetism. There 
are several ways of exciting the magnetism 
of the magnets of dynamos. In the early 
magneto-electric machines of Faraday the. 
magnets were either permanent magnets, of hard 
steel, or else soft iron electromagnet a, separately 
excited by moans of batteries. In 1851 Xinsteden 
suggested using the current from a small per- 
manent magnet-machine to excite the electro- 
magnets of a larger ma(*hinc. in the years 
18t)6-7 several inventors — among them Wheat- 
stone, Siemens, and Varley — independently pro- 
posed to render machine's self-exciting by passing 
either the whole or a part of the current from 
the armature, around th(! Held -magnets. About 
twenty years later compound winding was 
introduced. Figs. 78, 79, and 80 show respec- 
tively schematic diagrams of the connections of 
the magnetising coils in a scries~u>ouvd dynamo, 
ill which the exciting eoils receive the whole 
current, and are in scries w^ith the outside circuit ; 
a shuni-wouml dynamo, in which the exciting 
coils receive a small fraction only of the whole? 
current, being of fine wire, and are In shunt with 
the external circuit; and a compound-ii'ound 
dynamo, in which shunt eoils give the principal 
magnetisation, while some series coils serve to 
increase the magnetisation as the load in the 
(jxternal circuit incrc'ases. 

Series- wound dynamos are very inconstant 
in their voltage, as this depends on the 
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magm^tism, and the magnetism will vary with 
the load, being very small at small loads, and 
largo at full lo^. 

Shunt-wound machines arc very nearly con- 
stant in their voltage at all loads, as the magnet- 
ism is practi<3ally constant, and the Voltage-drop at 
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full load, due to reactions and internal resistance, 
may be less than tw'O per cent, of the initial value. 
Compound - wound machines are constant in 
their voltage? at all loads, or may even bo made 
— by increasing the number of series coils — to 
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cause the voltage to rise at times of full load. Such 
over-compounding is useful in tramway generators. 

Magneto -electric Generators. Little 
machines with permanent magnets of hard steel 
are still employed to generate ciirn'nts on a small 
scale, as toys, and for ignition piirpos<‘s in auto- 
mobil(‘.s. In such cases [81] the magnets are 
bipolar horst'shoes, the? armature' is rcdiicctl to 
the? simple shuttle-form inveaited by Siemens in 
185.5, and tlu' commutator shrinks back to the 
j)rimitive form of a bit of copper tube split into 
tw'o halves. 

Turbo » Dynamos. The high speed of 
modern steam turbines introdiice'd s(*vcrnl new 
problems in dynamo design. It is Ticcessary to 
use' armatures of small diameter and of consider- 
able length, with very stout shafts, w’hllo the 
nuinbe'r of ])ole‘S is limit eel to two or four. The 
Jlritish We'stingliouse* (V)m])any have? ovearome 
the difficulty of securing good commutation 
by adopting radial commutators, as shown in 
83, wdiciv a current of 1250 ampere's is col- 
le_‘cted at otM) volts from a 500 K\V generator,* 
ninning at 2500 RFM. The? curremt is collected 
from the fiat face? of the radial commutator 
se'gnmnls, anel in this plan e-arbon brushes arc 
thoroughly siicoe'ssful. 

Allot luT ])lan, adopt e'd by the Parsons 
Conijiany, of overcoming the tlifiiculty of com- 
mutation with turbo-driven continuous current 
dynamos is te) use* a reduejing gear bctwe’e'ii 
the turbine and the dynamo. It ])('rmits 
the einployme‘nt of turbines of highe'r speed, 
which are consequently cheaper, and as the 
ratio of gearing may be 8 to 1, dynamos of quite 
ordinary speed can be used. In tlu'se eoinpara- 
tively sbw-specd machines it is much easicj’ to 
secure good sparkless commutation, as the? time 
alle)wed for the reversal of the ciirit'iit at each 
line of brushes is considerably greater than is 
possible in machines running at 1.5(30 or 2000 n'vo- 
lutions per minute. This combinaf ion has proved 
thoroughly satisfactory, and Messrs. I'arsons have 
constructed machines uji to 40(K3 KW on thii 
principle. Probably there will b(* further develop, 
ment in this direction in the immediate future- 
SILVANUS P. THOMPSON 
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The Instrument. The Two«fold Function of the Keys. Control of 
the Key Hammer. Keyboard and Pedals. Correct Position of the Hands. 


THE PIANOFORTE 


have already studied the Theory of 
^ Music, the nature of Scales, the laws of 
Tonality and the nature and function of Rhythm, 
etc. We have learned how music is written 
down, how to read its notation. Wc liave now 
to learn to reproduce written music — to “ make 
music,” as the Germans say — and to do this by 
means of the pianoforte. 

Our pianoforte education has two distinct 
branches. In the one we learn to conceive the 
effect intended by written music. Wc learn to 
hear it with the mind’s car, we learn to think it. 
In the other wo learn to express this thought by 
sounds that we and our audience can hear. 
This latter branch we call technique, in the 
fullest sense of the term. 


Technique. The learning of Technique (the 
power of expressing ourselves) used to depend on 
an aptness for imitation. Our teachers played, 
and we did our best to imitate them ; and. by 
dint of much trying, sometimes suceooded. 
They could teach us these matters of execution 
by example and suggestion only. But now 
both the how and the why of good piano tech- 
nique have been discovered and written down 
for us, so that it is possible for all of us to 
learn from books. These books are “The Act 
of Touch,** a scientific treatise, and “ First 
Principles of Pianoforte Playing,” a student’s 
primer, both by Tobias Matthay. They show 
how it is possible to acquire (in a direct way) all 
the different forms of (^xpertness included in 
the term Pianoforte Technique. For the term 
thus used in its widest sense simply means the 
ability to use the keys effectively and easily, and, 
as ^Ir. Matthay has said, “ on our correctness 
in the Act of Touch, therefore, depends all 
success in pianoforte playing in whatever 
direction, agility, beauty of tone, brilliancy, 
powder, and ability to give those inflections of 
tone from note to note which rend(;r music 
inU'lligible.” Our entire technique dejiends, 
therefore, on our obedience to these Laws of 


Touch, and on our technique again depends 
entirely our power of expressing what w'e feel. 

To begin f lie study of pianoforte playing in this 
direct and scientific way which has thus been 
made possible for us, we must, before think- 
ing of our fingers and hands, find out what 
the piano is, and what treatment it requires 
from us. 

Instrumental Facts. The pianoforte 
is a harp-like instrument enclosed in a wooden 
box, the nature of wliioh is disclosed by 
the “ case ** of a “ grand ” piano, which still 
retains this harp-liko shape, although now 
supported table-wise on three legs. The upright 
or “ cottage *’ piano, although its case ie quite 
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different in shape, is still harp-like within. 
The strong metal frame [1] strung wdth wires, 
from the short, thin ones giving the highest 
tones to the stout long ones sound- 
ing the bass, is thus no longer held* 
upright by the player like a harp, 
nor are its strings plucked by 
Ilia fingers. But, instead, care- 
fully poised hammers, covered 
with thick felt, are driven 
against tho strings to set them 
in vibration. These hammers 
arc controlled by a set of cun- 
ningly devised wooden tools, 
overlaid with ivory or ebony at one end — the 
end that presents itself to the player’s fingers. 

The instrument consists of two distinct 
portions : (1) the music-making portion — i.e., 
fhe strings and their reinforcing sounding- 
board — and (2) the sot of tools wherewith w^o 
may induce the sound. 

Function of the Keys. Now, these 
“ tools ” have a two-fold function. They are 
Boc-saw's, offering an ivory or ebony key to tho 
fingm* at one end. and furnished with a hammer 
to strike the strings at the other end ; and theso 
“ keys ”— note this— control the actions, not 
only of tho hammier with which wo excite tone 
at will, but also of tho “ damper ” with which 
wo, stop off tone at w ill. Thus the keys are tho 
tools wdth which wi^ chiefly command the 
vibratory — i,e,, sound -producing powers of the 
instrument, and w’o must examine them 

closidy. The 

“ key is a lover, 

of the nature 
of a soe-saw', 
and its posi- 
t i o n and 
action arc 
roughly 
shown in 
Fig. 2. 

Hammer. Lot 



2 . THE KEYS 

A. Ivory Kry-nid. B. Hammer. 

C. Dumper. D. String. E. Key-bed felt 


Control of the Key 

us press gently on the ivory end of one of tho 
keys of the piano. It wdll go dowm under tho 
pressure (as would a see-saw), and, the other end 
rising, will, if tho action be swdft enough, throw 
the hammer against the strings. The strings 
vibrate and produce a sound. Now release tho 
key from the weight of the hand and arm ; tho 
key will rise, and, os it rises, the sound will 
cease. What has happened ? Who^, by tho 
see-saw motion of this key-end, we managed to 
throw tho hammer at the other end against tho 
string, did the hammer, after hitting the string, 
continue to press against it ? No. For, if it 
had done so, the string would not have been 
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free to vibrate, and no tone would have resulted. 
What happened was this : the hammer, as 
soon as the sound was produced, fell hack a 
little way from the string and allowed it to 
vibrato freely ; and this the string continued to 
do till wo suddenly released the key, and the 
tone as suddenly ceased. 

The Damper. Why did this hap]^cn, and 
why must we keep the key depressed if we w’ish 
the sound to continue ? Ticcauso the key, 
when depressed, is keeping the damper off the 
strings, and when the key is allowed to rise 
the damper is permitted to settle down again 
on the strings and stop their vibration. Re- 
member, then, that when a key is moved it is 
the heginniwj of the sound which indicates that 
its hammer function has been fulfilU'd — all that 
remains, the continuance of the sound, d(‘pends 
on its damper function. And this is the first 
thing we must learn, and the last thing we may 
forget in using piano-keys to make music. 

The Key-bed. We know something about 
the key with its hammer and its damper atten- 
dants, but in the key’s retinue there is another 
small unseen, and at times ill-treated, ap]>anage 
that concerns us as pianists, and must not be 
overlooked. This is the little piece of felt 
under the extreme finger-end of the key, which 
prevents the key from jarring against its wooden 
“ bed ” when it is pushed down. The see-saw 
key manages to throw the hammer against f he 
string just before it (the key) reaches tlie bottom 
of its “ bed,” and if w'e were keen enough always 
to listen for the beginning of the sound and never 
to move the key any further than to that 
moment of sound-birth, these f)oor down- 
trodden key-bed cushions would be unnecessary. 
Rut careless, unskilful players, and even adepts 
at times, try to drive the keys too far down, 
and these “ felts ” in the bottom of the key-bed 
act like buffers and soften a probable, but quite 
uneallcd-for, collision which might otherwise 
prove disastrous to the pianoforte mechanism. 
They may thus be used, but should never bo 
aluiscd, and, to quote Mr. Matthay, “should 
rertainly not be squeezed ‘ as though they w'cre 
ripe fruit from which we could extract sound- 
juice.’ ” 

The Keyboard. The finger ends of the 
keys are not all alike. They are grouped in 
easily recognisable patterns in black and white. 
The even row of ivory — in full “grands” ^2 — is 
backed and intersected by a higher and narrower 
row of ebony keys and these fall into 

alternate groups of twos and threes. The up- 
right “ cottage ” piano has a slightly smaller 
compass, when only eighty-five keys, and some- 
times less, will bo found. The entire series is 
called the keyboard, and the player is expected 
to roach and control with one or the other hand 
each key in this ** manual ” [6] 

Damper Pedal. But in addition to the 
keyboard, or manual, we shall find two pedals 
to be worked by the feet. The right-foot pedal 
controls the darners. Depressing it, we raise 
all the dampers simultaneously off the strings. 
With the damper pedal thus depressed, a tone 


produced by the down movement of a key 
will continue to sound even after the key has 
been allowed to rise. Rut this damper pedal 
not only prolongs the sound, even should the 
key rise — it alfects also the character of the 
sound. For, all Uie strings of the instrument 
Wing by its action left free to vibrate, many of 
them vibrate in symjxiihy with the hammer- 
affeet^d strings, adding thus to their original 
volume of sound, while by the noii-percussive 
quality of their tone they ath et also —and this is 
important — its quality. This right-foot pedal 
is often termed the “ loud ” pedal. It may ho 
used w^hilc })laying at on(*’s softest, but its 
application will be treated further on. 

The “Una Corda** Pedal. The other 
pedal is controlled by the left foot, and its func- 
tion also is one of affecting the tone quality of 
the instrument. To explain its use w’c must 
again examine the harp-like arrangement of 
the strings. Tlie long, thick bass strings are 
single — one to each hammer and key — but, as 
with the rising pitch the strings get shorter 
and thinner and consequently weaker in tone, 
w’o have two strings tuned to one pitch, and, 
higlu^r up, three. The left-foot pedal when 
pushed dowm in a “ grand,” moves the whole key- 
board with all its hammer mechanism a little 
to one side, so that a hammer no longer strikes 
all the strings allotted to it, but leaves one 
unstruck, and this one, sounding with a sijm- 
'patheiic vibration only, modifies the character of 
the tone. 

That the part of the hammer which comes 
now in contact with the strings is less used, and 
consequently softer, will also slightly affect the 
tone. The left-foot pc^dal is often erroneously 
called the “ soft ” p(‘dal. It certainly does 
w'caken the tone-amount, but w^o may play at our 
softest without it. It is properly termed the 
“ iina corda ” — i.e., ono-sfring pedal. The early 
piano did not have more than two strings, and 
the “ versehiebung ” — to use the German term 
for the “ una corda,” meaning the pushing 
aside — permitted the hammers to strike only 
one string. Tlie damiKT and “ una corda 
pedals may be used togetlit^r. Care should be 
taken when using the “ una corda ” pedal to 
/«% depress it, provided it is properly adjusted. 

How the Keys are Named. Most 
“ uiirights ” are without this device, and are 
provided instead with a strip of felt to soften 
the tone, or other devices, none of which, 
how^cver, takes the ])lueo of the proper “ una 
corda.” 

Roughly speaking, the earlier music, even up 
to the eighteenth century — i.e., before Beet- 
hoven’s time, may be and often must bo played 
'without the use of cither pedal, while most of the 
pianoforte music of the nineteenth century — 
that of Chopin and Schumann, for instance— 
cannot be adequately performed without the use 
of one or both. 

Now let us return to the keyboard, for it is 
with the keyboard that wo shall have to occupy 
ourselves chiefly ; but let us never forget — as 
pianists are only too apt to forget — that the 
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keyboard is ru>t the instrument, but merely the 
“ f^t of tools ” with which we may use it. 
We must learn, then, to bo expert with those 
tools, so let us make their better acquaintance. 
Seated at the middle of the keyboartl, let us 
pass our liands over it. It presents an uneven 
surface to the touch, the ebony keys lying higher 
than the ivories. This uneven surface is an 
advantage. 

Wo must learn to read easily the music 
written to include the black keys, since it is 
easier to phif/, though more difheult at first to 
read, than music employing only or mostly 
the wliite keys. 

What, tonally, does this keyboard command ? 
A series of sounds, e.aeh half a tone apart. And 
its 88 keys are named with but seven letters of 
the alphabet — from A to G. The white keys 
only are named; the ebonies take their names 
from the ivories that lie next to them. Tnis 
series of seven letters repeats itself throughout 
the extent of the keyboard ; that from A to G 
was the old form of our modern minor scale, 
that from C to B the prototype of the modern 
major scale. 

Eye Knowledge of the Keyboard. 

We must learn to recognise quickly and surely 
the place and letter name of each white key 
by its place in the Iceyhoard 'pattern, by its 
relation to the groups of two and thn‘o 
black keys. Take I) first, between two lilacks, 
and find D’s all over tlu^ keyboard ; listen to 
them— all alike though different. Next find 
O’s and fi’s, next-door neighbours to D’s ; add 
B’s and F’s, each at the extremes of the throe 
black -key groups ; and finally add 
A and (b Wo must work at this 

^ (with other studies) lor days or 
weeJes till mastered. Later, add 
knowledge of altered notes, notes 
3. BAi.SED raised or loAvcred half or whole 
AND tone. For such sharpened (raised) 
LOWERED or flattened (lowered) sounds w^o 
NOTES must use the contiguous black or 
white keys [3]. But finding the 
keys by the eye, and h'sting their pitch, and 
trying to remember this by ear (as the 
musician must do), is, after all, only tho begin- 
ning of knowledge for the pianist. He 
must learn to find and n'oognise tho keys 
blind. This can do only by the sense of 
touch and by mental muscular measurements. 
Again, to do this, he must learn with his fingers 
and hands to rest on the key^t. 

If w^e have studied carefully every word of 
what has been said we now know something of 
tho instniment, and of the mechanical means 
provided in it for producing tone. 


Importance of Resting. The next 
question is, how must we use the keys ? How^ 
direct the arm, Jmnd, and finger against the 
keys to move them ? Wo must learn, first, to 
rest on them, that our sense of touch may tell us 
ivhere they . arc, and that another sense — “ the 
muscular sense to which we must pay great 
heed, may tell us how heavy they are, how much 
resistance they oiler to our resting weight. In 
ordtif that the fingers may really rest on tho 
keys, the hand must be allowed to hang loosely — 
limply — from the arm. Wo must learn this 
first. 

In the daily active use of the fingers (apart 
altogether from piano playing or study) the 
hand never hangs from the arms ; yet in active 
finger piano playing it must learn to do so. 
Tiiis is a muscular condition which, in aotivo 
use of the fingers, is quite new to us. We must 
study it, understand it, and be able to induce 
it with perfect case, and never rest satisfied 
without daily testing it at the keyboard and 
aw^ay from it. 

. ^ Position of the 

f ^ * Hand. To learn what 

„ j I \ w^e mean by hanging tho 

A \ hand loosely on keys, let 
\ \ \ us try holding tho hand 

^ \ ^ 

\ ’ touching them, in tho 

L i) i\\ wsxy indicated in 6. 
l/f'/'' I It is evident that as 
^ " lony as we do not touch 

4. LOOSELY IIANOING the kcys the hand (at this 
HAND angle to the arm) is sup- 

porting itself ; it is not 
hanging loosely from the arm ; w'e are using 
its upholding muscles, the ‘muHcles tliat 
prevent the hand falling by its own W’cight. 
Tiieso must relax ; they must relax so that 
the liand in jilaying may be supported on 
the keys by tho fingers. The appearance, 
the mere position of the hand when tho 
fingers are on tho key;?, will not help us in 
securing tho loose wTist ; for the wrist may 
^ be hold high, medium, 

> "b or low, and in any of 

/ I these various positions 

I may, or may not, be 

^ ' stitl. If wo would 

6. HAND UPHELD BY make sure of the 
ITS OWN MUSCLES loose wrist wo must 
BOO to it that tho hand 
is really suspended between arm and fingers, 
and that being the case it will hang loosely 
w'Jictlu^r the wrist-end of tho foro-arm be held 
high or low. 

M. KENNEDY-FRASEIl 
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The Preparation of Fibres for Examination. The 
Structure and Characteristics of Cotton and Wool 

FIBRES UNDER THE MICROSCOPE 


T he various toxtile fibn^s uschI in comincrco 
all possess distinctive features, which make 
them suitable for the difierent piirposcis to which 
they are applied. When they are examined under 
a good microscope, it is easily possible to sec 
the difference that exists. In this way, wool 
may be told from cotton, cotton from linen, and 
linen from silk, and it is not imi)ossible to tell 
cotton that is in its natural condition from cotton 
wdiich has been mercerised, and to say whether 
wool which is sold as unshrinkable has been 
treated with elilorine. 

It is true that the textiles trades have not yet 
placed the examination of their raw materials 
on a scientific basis, as is the case in many other 
manufacturing industries, hut then^ arc many 
milk* aud warehouses in w'hich the microscope is 
in daily use, and therti is no ‘doubt that a more 
general knowedge of its possibilities would bring 
it into common use in all the textile trades. 

Identification of Fibres, it is not only 
possible to discover the nature of any given raw 
material which forms the w’ar(» or the weft in 
the fabric under examination, but the size of the 
different fibres can be easily measured, and the 
dimensions of the spaces between the various 
threads can be ascertained with accuracy. 

For practical purposes it is quite unnecessary 
to have the microscope at high power. A fault 
in any cloth can be readily detected if it is 
magnified thirty times, and it is only in the case 
of the finest, silks that greater enlargement than 
eighty times is necessary. With an (yepiece that 
Tvill giv(5 about thirty magnifications with a turn- 
inch objective, objectives of 2 in., ^ in., and { in. 
will answer any purpose that is lik(‘ly to arise in 
the examination of fabrics or textile fibres. Low 
j)Ower lenses have the great advantage that they 
can be bought at a much Tiiore reasonabh' figure 
than similar lenses of higher power. They aio 
also much decj)er in focus. That is to say, if 
two fibres, each one- thousandth Of an inch in 
diameter, arc lying across one another, they 
may both bo pho>ograi»hed with the t wo low’cr of 
these lenses, so as ttsi give a good sharp definition. 
On the other hand, t^e focus of Aj, in. or in. 
oil immersion objective is so shallow' that if the 
top of a fine fibre is in focus, the bottom w ill be 
badly blurred. 

The Effect of Refraction. In working 
with such a sot of lenses there is, therefore, only 
one thing to bo feared, and as soon as the 
operator understands how to overcome the 
difficulty caused by refraction he will be able 
to make investigations with quite sufficient 
accuracy for any practical purpose. 

The effect of refraction is most easily under- 
stood by those who know the appearance of tiny 


bubbles imd(‘r a microsco])o. A student imac- 
quaintod willi the laws of refraciioq would 
naturally expect it to be easier to see through a 
bubble than through water, b(*causo air is the 
more transparent medium of the two. But. as 
a matter of fact, the tiniest bubble shows under 
the microscope more like a leaikai shot, than any- 
thing else. A large one appears like a soliil ring. 
A bubble apjicars dark because^ the rays of light 
are all detlected by the circular skin of water, 
so that those w'hich would otherwise conu' to the 
lens are turned asidi*. Exactly the same thing 
i.s true when fibres are being examined. The 
light is deflected from their curved surfaces in 
such a w’ay that the sides of a fibre nearly always 
appear to bo dark. It is very easy to prove* that 
tins is entirely due to refraction. 

Preparation of Fibre for Inspection. 
In order to got fibres in focus for microscopic 
examination it is always convenient to press them 
between plates of glass. For many purposes this 
is <juite sufficient, but the passage of the light 
from the air to the tibro and again into the air 
invariably defiects the ray, and if the refraction 
is to be avoided, all the space between the* two 
glasses must h(‘ filled with some transparent 
substance of w’hieh the refnuitivo index is the 
sain(5 as that of tlie material nndcr examination. 
For a cursory inspection, the writer uses water, 
hut glycerine and benzine are better, and a 
solution of (‘anada balsam in benzine is best of 
all. It is nearly always used for the mounting 
of any fibre in the form of a permanent miero- 
seopie slide, and whereas water only partially 
corrects refraction, the balsam does it ])erfcctly. 

If, th(‘n, a fibre is first examined between two 
glasses with nothing but air b('tw(um thmn, its 
.sid(*s will appear dark, but the moment it is 
immersed in b<‘n7.ine or balsam it becomes ])cr- 
fcctly trans])aront to the oxiremity of the scales, 
so that the saw'diko serrations which exist on 
wool may easily be detected. It is because some 
w'orkers are unacipiainted with tlu^se facts tluit. 
they make serious mistakes as a direct resillt of 
im perfect obscrv at ion. 

Characteristics of Cotton Fibre. Of 

all the textile trades in this country, the manu- 
facture of cotton stands easily first. It is, t here- 
fore, only right that the characteristics of the 
various cotton fibres should be t horoughly under- 
stood, and that the industrial value of these 
characteristics should be righ' ly ap})recialed. 

There is one feature in which all classes of 
cotton differ from every other kind of fibre. 
Whatever may be their quality, or, in other 
words, their size, when seen under the microscope, 
all fibres strongly resemble a piece of twisted 
tape. Sometimes fibres arc twisted from one 
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end to the other with a hundred turns or more 
in their length. Somotimes places may be found 
that are very nearly straight, and iiv others right- 
handed twist and* left-handed twist may exist 
in the self-same fibre. 

Unfortunatel.y, the various fibres in cotton 
from any country differ a good deal from one 
another. They differ both in the number of 
turns o^twist and in their actual sirx*, and though 
Sea island cotton is estimated to be quite 25 per 
cent, finer than Upland American, it will cer- 
tainly contain many fibres which are coarser 
than the finest in the Upland quality. This means 
that a very large number of fibres n\ust be 
examined and measured if an accurate average 
is to bo obtained, and it is therefore simpler to 
consult recognised authorities on the subject. 

Dimensions of Fibre. There is a con- 
sensus of opinion which niak(^s it ])ossible to 
estimate the dimensions very accurately. They 
are approximately as given in the following table : 

DIMENSIONS OK COTTON FlUKE 





liclativ<* 

(’onnts 

Cotton 

Length in 

Diameter : 

number 

they will 

Inches. 

in inches. | 

«»t‘ turns 
per incli. 

spin to 
in yiini. 

Sea Island 

1-8 to 2 5 

1-1 500th ! 

210 

3(M), 400 

EKyi)tian 

1 2 tol-7i 

1-1 400th 

1 220 

800, 201) 

.American 

1 0 to 1-2 

l-120Otli 

140 

30, f)0 

Cfiina . . 

75 

MlOOth 

1 

20 

Indian 

1 Otol 9 

i-i:iooth 


.30. 40 


These figures show a definite reduct ion in length 
from Sea Island to Egyptian [1|, and higyptian to 
American [2J, but the sl.udent must not c‘xpcct 
that he will necessarily find similar relafjonship 
between any groups of fibres that he niay (diance 
to select from the cotton of various countries. 

I'ho value of cotton depends on the relation of 
its length to its diameter, and the numixir of 
turns that it contains. It is a combination of 
the three that is necessary, and as the length of the 
fibre cannot be measured under tlu5 mieroscoiM^, 
it is clearly impossible for the value to bo judged 
by the microscope alone. In fact, it is seldom 
possible to tell the cotton of one country from 
the cotton of another by that means. On the 
other hand, no nu'thod is so enicient for deter- 
mining the number of turns that the fibres 
contain as the microscopic method. 

Mercerised Cotton. So far we have been 
dealmg with normal cotton, but it is well knowm 
that a very large amount is sold in a mercerised 
condition today. When cotton has been thus 
treated, it does not look like raw cotton under 
the mioroscopo. 

Mercerising consists in steeping the cotton 
yam in a strong bath of caustic soda, which 
treatment causes each individual fibre to swell 
up until it is almost round [3], The typical 
twisted appearance almost disappears because 
the surface becomes smooth. In consequence, 
each fibre reflects a great deal more light, and the 
yam assumes a lustre almost equal to silk, which 
it somewhat resembles in microscopic structure. 

Treatment with a strong solution of this 
powerful chemical does riot injure cotton or the 
cellulose of which it is olhiposed. Mercerising 
actually strengthens the fibre and the yam by 
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30 per cent. On the other hand, acids have a 
disastrous effect upon cotton. They combine 
with the cellulose in such a way that if the cotton 
• is baked, it turns into a black hydro-cellulose, 
which is so brittle that it falls to powder. In this 
way a cloth composed of CJotton and wool may 
easily have all the cotton taken out of it, without 
the least injury to the wool, and the treatment 
gives one of the simplest moans of ascertaining 
the amount of each fibre present in a fabric. 

The Variations of Wool Fibre. It is 

qiiifo a common thing to hear intelligent people 
talk about wool as if all the various breeds pro- 
duced exactly similar fibres. As a matter of 
fact, the same breed in two different countries 
will produce fpiito different ^vool, .and if wo 
examine the different breeds that exist in various 
parts of the world, we shall find that they con- 
tain fibres that vfiry as widely as human hair 
differs from rabbit fur. Wool fibres resemble the 
trees of a forest in their dissimilarities from each 
other, and also in fheir similarities. Some fibres 
are ten times as tfiick as others, some are long, 
and some short ; some have smooth bark, some 
have rough bark. 

Their internal structure also differs, but in every 
case the stem of the tree is of w^ood. The parallel 
is true also of wool. The chemical constituents 
of all w'ool (and, for that matter, of all hair and 
horn and quills) arc very nearly identical, but the 
student must not jump to the conclusion that all 
wool fibres will look alike under tlm microscope, 
tiust as cotton and all the vegetable fibres con- 
sist of cellulose, so wool, in common with all other 
animal fibres such as silk and hair, is composed 
of nitrogenous albumenoids. 'rhosc substances 
take the form of albumen, casein, and fibrine. 
The actual state of the chemical combination of 
these substances is so complex tliat it has not 
yet been ek'ared u[> fully by clumiists, and with 
tills very brief reference the subject must there- 
fore be dismissed. 

Effect of Caustic Soda on Wool. There 
is, however, one simple chemical fact of groat 
interest with which eveuyone ought to bo 
acquainted. The same caustic soda solution 
which is used to mercerise cotton, and thereby 
strengthen it, will dissolve wool entirely in ten 
minutes [4J. A very weak solution of many 
alkalis — notably sodium sulphide — will attack 
the outer covering of wool fibres in the space 
of a few minutes, and dissolve it even more 
quickly than caustic soda [5]. 

Caustic soda will peel away the scales or bark 
first, and will expose the spindle-shaped cells [8] 
of which tho core of the fibre is seen to be com- 
po.sed when viewed under a glass of high magnifi- 
cation. On the other hand, acid which will 
carbonise and break up cotton has no detrimental 
effect on wool. It is true that concentrated 
sulphuric acid will attack wool in time — a space 
of several hours is needed — and it is the most 
useful of all the agents in setting-free tho various 
cells of which j)he fibres are composed [6]. 

Serrations in Wdol Fibre. There is, how- 
ever, one thin in w-hich all wool fibres are alike^ 
and in which they differ from all other ftbres. 




«uu.;^c ACI.) UN woo,. 

JMind picture flue boJS7 wiJrhw «»rec minutcH. In the right- 

"croHhXIhM^^^ the very high magnitt- 
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They aro covered on their outer surfaces with cells 
which take the form of sccales. These scales differ 
very greatly in different types of wool. In all 
tlio lustrous fibres, such as mohair, alpaca, 
lustre wool, and dcmi-lustro wool, they are 
relatively large, and the edges do not ])rotrude 
to any appreciable extent. At the other end 
of the scale come the filler merino wools, which 
might well be likened to small trees- wnth rough 
l)ark, for they are covered with an enormous 
number of small scales, or ])lates. About these 
scales there is much diflerenco of opinion, but 
the fact remains that in fine, qualities of wool the 
edges farth(;st from the root of the fibre always 
})rotrudo slightly, so that when the fibre is seen 
ill profile, it has sometimes the outline of a 



7. FINK MERINO WOOL 

SluavitiR scalos atul sa\v-lik.‘ s<-rrati<)us at a niagaincation 
of 2:i0 times 

saw [71- Tt is an unfortunate fact that early 
microscopic investigators were unable to take 
photogra[>hs of what they saw, and they relied 
on drawings of tibres to illustrate their" W'orks. 
In some of these illustrations it cannot be denied 
that there was great exaggeration in the way 
the scales were shown. Ilut because this mistake 
was made, there is no reason to go to the other 
extreme, and to say, as some writers have said, 
that the scales do not exist. 

The real fact is that the refraction which was 
previously mentioned makes it difficult to see 
them unless the fibres are properly mounted, 
for it must be romenibored the finest wool fibres 
are only in. in diameter, an average 60’s 
quality being about and therefore any 

roughness on tho surface must necessarily be of 
very small dimensions. As a matter of fact 


the depth of the serrations varies only between 

Serrations and Spinning Value* This 
in itself gives such a slight rouglpiess to tho fibre 
that anyone is justified in supposing that it 
cannot possibly affect the spinning value. 
Whether this is so or not, is still rather a doubtful 
(piestion. But, at the same time, there is no doubt 
that wool is the only material that will mill or 
felt, and as wool is the only fibre that has serra- 
tions, the one is very naturally put down as 
lieing the cause of tho other. The theory is that 
the teeth of fho different fibres interlock, and 
wdieii they aro so held together, tho action of the 
soap and water used to assist the process causes 
tho fibres to revert as much as possible to their 



8. KIJPTOKED END OF JvEMPY FIBRE 
Showing spunlli’-slmped cells protrinling at a magnilicatlon 
»>t’ 80 times 

original curl.v condition. In other w'ords, curling 
of the fibre causes tlie shrinkage in wool goods 
when tho fibres are prevented from moving on 
one another by the s(-rration on their surfaces. 

An (‘xcellent sujiplementary proof of this fact 
is aff'ordtd by the means which are adopted to 
lirevc'ut certain wool goods from shrinking. 
Chlorine is always used in some form or other 
for this purpose, and treatment wMi chlorine 
iiivariablyf affects the fibres in such a way that 
the scales no longer protrude. It is for this 
reason that formated goods do not shrink in 
washing. The wool fibres doubtless try to revert 
to their original curly condition, but as they 
have now no protruding serrations on their 
surfaces, they move freely without contracting 
the fabric which they go to form. 

HOWARD PRIESTMAN 
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The Superior Planets. The Mystery of Mars. The Aster- 
oids. Jupiter. The Rings of Saturn. Uranus. Neptune. 

EARTH’S OUTER NEIGHBOURS 


*The superior planets, all more distant 
* from the sun than the earth, include 
five major planets — Mars, Jupiter, Saturn, 
Uranus, and Neptune — as well as a vast 
number of minor planets, of which nearly 
600 are known at present. These outer 
planets differ from the inner planets, Venus 
and Mercury, in the nature of their apparent 
motion. Instead of oscillating backward 
and forward across the sun, they all move, 
on the whole, steadily westward in respect 
to the sun’s place in the heavens, and con- 
sequently rise earlier and come earlier to 
the meridian every night. It is obvious 
that they can never pass between us and 
the sun as the inferior planets do at the 
time of transit. 

The superior planets may appear in 
any part of the Zodiac, outside the limits 
of which, however, they never move. 
This is due to the fact that they all move 
round the sun in elliptical orbits outside 
that of the earth. When a planet lies 
beyond the sun in a straight line with the 
earth, it is said to be in conjunction ; when 
the three bodies are in a straight line, but 
the planet is on the opposite side of the 
earth to the sun, it is said to be in 
opposition. Of course, we can never sec 
the planet in conjunction, because it is 
only above the horizon in the daytime, 
when the light of the sun obscures it. 
The superior planets can be best stuejied 
when they are in or near opposition, because 
at such times they are nearest to the earth, 
and are also most favourably illuminated. 
They do not display phases like those of 
the moon. A necessarily brief account of 
the physical features of these various 
planets will now be given. 

Mars, the major planet nearest to the 
earth, with the single exception of Venus, 
resembles the earth more closely than any 
other of the planets, and is most favourably 
situated for our observation of all the 
heavenly bodies, except the moon. It is 
a globe rather more than half the size of 
the earth, its diameter being^tibout 4200 
miles. Its mean distance from the sun is 
i4x,5oo,ooo miles, but the eccentricity of 


its orbit is so considerable that this dis- 
tance varies by more than 26,000,000 
miles. When Mars comes nearest to the 
earth its distance from us is about 
35,000,000 miles. At these favourable 
moments its brightness is about equal to 
Jupiter, and only surpassed by that of 
Venus. Mars has a very pronounced red 
colour, which is supposed to be due to the 
prevalence of a rock like our red sandstone 
on its surface, or possibly to the colour of 
its vegetation. 

When it is carefully studied through 
a powerful telescope Mars reveals itself as 
having a physical constitution very like 
that of the earth. It undoubtedly pos- 
sesses an atmosphere, though this is much 
less dense than that of the earth, so that 
clouds are of very infrequent occurrence 
in it. Mars also possesses free water, 
which is collected into seas on its surface 
and gives rise to extensive caps of ice 
around its poles. Those icc ca])s are ob- 
served to dwindle in summer, and increase 
in winter, so that their nature can hardly 
be doubted. The surface of Mars is 
divided, like that of the earth, into conti- 
nents and oceans. The most peculiar 
feature in its land is the presence of 
numerous straight narrow markings which 
are commonly known as canals. They 
are not indeed canals such as we make on 
the earth, for they must be at least 60 
miles in width in order to be visible to 
us at all. But there is little doubt that 
they represent watercourses of some kind. 

The most curious thing about these 
canals is that they are not always visible. 
They .seem at times to disappear from 
sight and then again reappear, and this in 
accordance with the periodical changes 
in the Martian seasons. It has been 
plausibly suggested that the marks which 
we see are not the actual watercourses, 
but the broad belts of vegetation which 
come into existence when the water is 
turned on to irrigate them, and die when 
it ceases to flow. It has even been sug- 
gested that this periodical flow and cessa- 
tion of water is due to the enterprise of the 
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hypothetical inhabitants. At present this theory The Minor Planets, or Asteroids, 
rests on inference, but there is a great deal The space between Mars and Jupiter is occupied 

to be said in its favour, and the astronomers by a strange and numerous swarm of minor 

who liave studied Mars most closely arc most planets or asteroids. The first of these singular 

nearly convinced of its truth. We know that bodies was discovered by an Italian astronomer, 

Mars, being an older ]danet than our own, is Piazzi, on the first night of the nineteenth 

farther advanced in (Solution, and that it has century. Three others were discovered within 

reached the stage at which olTorts far greater than the course of the next seven years, and the 

any wliicdi inankind is yet called upon to put number now known m upward of COO, most of 

forth must be necessary" for the preservation of which have been recognised by the record of their 

life on its surface. Its water supply is already motion on photographs of the sky. The four 

b(t(!oming scanty, and some gigantic system of asteroids first cjiscovered, Ceres, Pallas, Juno, 

irrigation would undoubtedly be necessary for and Vesta, are naturally the largest, ranging in 

its surface to continue fruitful. It is possible diamottT from 400 to 118 miles, 

that the markings which we call canals do really Vesta, though not the largest, is considerably 
represent such a system of irrigation, but we the brightest of the minor planets, and is 
(;an hardly say more than this about the great occasionally visible to the naked eye. None of 

problem of the existence of life in this j>lanet. the other asteroids has a diameter so great as 

Satellites of Mars. Mars has two satel- 100 miles, and probably the majority of them 

liters, which were only discovered as recently as are only 10 or 20 miles in diameter — mere 

1877, although their existence and many of their “mountains broken loose,” as they have been 



t r? T H 


The Satellites of Mars would not 6t 
visible on this scale 
O/arteter of De/mos about lOmikb 
" - Phobns - ^5 . 


THE SYSTEM OF MARS AND ITS MOONS CONTKASTEI) WITH THAT OF THE EARTH AND MOON 
In this cliiigniin the markings on tlie eartii ami Mars are to scale,. tlic orbits of the planets are seen in perspective, 
and the measurements are according to Prof. Lowell. 

characteristics had been straiigidy predicted by called. Most of these planets move round the 

Swift in “Gulliver’s Travels” more than 150 sun in orbits whi(?h lie between those of Mars 

years earlier. They are exceedingly small, swift, and Jupiter, and all of which intersect one 

and close to the planet. The outer one revolves another. There are a few exceptions to this 

at a distant; of 14,0(X) miles from the centre of rule, notably in the case of Kros, discovered in 

the planet in a little more than 30 hours, while 1898. The orbit of this planet lies between 

the inner one is at a distance of only 5800 miles. Mars and the earth, and it is by far our nearest 

and revolves in 7 hours 39*25 minutes. Mars neighbour after the moon, its minimum distance 

itself rotates in 24 hours 37^ minutes. Consc- from the earth being 13,500,000 miles. So close 

quently, its inner satellite completes more than an approach will occur in 1931 ; it gives Eros a 

three revolutions in every Martian day. To a particular im per trance, as observations of it made 

Martian observer it will appear to rise in the west at such a time should enable us to determine 

and set in the east, completing its ap})arent revo- the solar parallax with greater accuracy than 

lution in about 11 hours; for, of course, it has hitherto been achieved. It was formerly 

revolves in the same direction as that in which supposed that these minor planets were the dis- 

the planet rotates. It is impossible to estimate the rupted fragments of a planet which had been 

size of such a tiny object with any accuracy, blown to pieces by some internal convulsions. It 

but wo can bo sure that neither of the satellites is now held, however, that they arc more likely to 

is more than 30 or 40 miles in diameter, be the remains of part of the original nebula 

and probably thejr are even smaller than this. which never coalesced into a planet. 

Mars completes its revolution round the sun Jupiter. By far the largest of the planets 
in 687 days— -nearly twice the time of the earth, is the giant Jupiter, which is more than twice as 
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massive as all the other planets put together. Its 
mean diameter is 88, 0^ miles, and its mass is 
about 317 times that of the earth, though its 
mean density is not much greater than that of 
water. Its mean distance from the sun is about 
483i000,000 miles, 
or rather more 
than five times the 
earth's distance, 
which is taken as 
the astronomical 
unit. It completes 
its revolution round 
the sun in 11 years 
10 months, though 
it appears to re- 
volve round the 
earth in a synodic 
eriod of 399 days, 
u pi ter is the 
brightest of all the 
planets except 
V 0 n u s, which, 
though much 
smaller, is much 
nearer to us and 
better illuminated. 

Jupiter rotates on 
its axis in rather 
less than ten hours, 
so that a ]>oint on 
its equator must be 
travelling at the 
rate of seven or eight miles per second. Its 
surface varies considerably from time to 
time, as seen through a telescope, and it is 
consequently concluded that what we see 
is really a surface of clouds. The great size 


is not so hot as to give out any perceptible light 
of its own. The most important marking on its 
surface is the great red spot which has been visible 
more or less in the same place since 1878, but no 
satisfactory explanation of the character of this 

spot has yet been 
given. 

Jujiiter has at 
least eight satellites, 
four of which aa* 
largo enough to bo 
seen with a good 
field -glass, and were 
among the t*arliest 
disoovori(‘s made 
with the telescope 
of Galileo. Th(‘ 
fifth satcUifo was 
discover(*d by the 
great Lick teh*- 
scopo in 1892, and 
is very much 
smaller tlmn the 
others ; I lie sixth 
and seventh were 
discovered by Pro- 
fessor P(*rriue at 
Lick Observatory 
in 1904-5. In 1908 
Mr. Melotte, of 
Greenwich Obs<M'- 
vatory, discovered 
by photography the 
eighth satellite, which moves in a very eccentric 
orbit, and revolves in the contrary direction to the 
other satellites of the planet. 

Saturn. Saturn is the outermost of the 
planets visible to the naked eye, and known to 



MARS AS SEEN WHEN NEAREST* TO THE EARTH 



TWO SKETCHES OF JUPITER AT AN INTERVAL OF THREE YEARS, SllOWlNO TIIK CLO I’D- BELTS 
AND THE GREAT RED SPOT, WHICH IS OVAL IN SHAPE 


and* small density of Jupiter have led astrono- the ancients. Its moan distance from the sun is 

mers to behevo that it is still in a condition about nine and a half times that of the earth, 07 

somewhat akin to that of the sun — that is, that it 886,000,000 miles. It is the second largest ol 

has not yet ^lidified into a planet like the earth. the planets, being about 72,700 miles in dianiHer. 

Its temperature must be very great, though it Its mass is 95 times that of the earth, and its 
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mean density is only two-thirds that of water, so 
that the whole planet would float if it could be - 
immersed in a vast oceans hence, like Jupiter, it 
is supposed to be still in a largely gaseous con- 
dition. ' Its supply of heat and light from the . 
sun is less than one-ninetieth of that received by 
the earth, and at its great distance the sun can 
only appear as a peculiarly brilliant star. Saturn 
rotates on its axis in about 10 hours 14 minutes, 
and takes 29J years to complete its revolution 
round the sun. Its synodic period of apparent 
revolution round the earth is .378 days. 

Saturn’s Rings. Saturn is the most re- 
markable of the planets, and one of the most 
beautiful telescopic objc'cts in the heavens, by 
reason of the w'onderful system of rings with which 
it is girdled. When favourably visible from the 
earth it appears like a globe surrounded by three 
flat thin concentric rings lying in the plane of its 


(equator. These rings revolve round the planet, 
and their plane always remains parallel to its(‘If. 

It has been proved that the I’ings are not a solid 
structure, but consist of swarms of t iny meteor- 
ites, like the shooting stars which occasionally 
flasli into our atmosphere. They must form a 
wonderfully beautiful spectack^ if they could bo 
sen'll from the surface of the jilanet which they 
adorn - a vast arch of light stretching from side 
to side across the sky and brilliantly illuminated 
through a great ])art of tlu*. jilanet’s night, fii 
addition to th(*se rings, .Saturn has no less tluin 
ten satellites, the largest of which is about half 
the size of the earth. With one exception 
they n^volve in the sanu^ ])lane as the rings. 

Uranus. The tw^o outermost of the ])lancts 
were not known to the ancients. IVaiius was 
the first planet discovered in modern times, 
being found by Sir William Hiuschel, in 1781, 
while ho was sweeping the heavens with a seven- 
inch reflecting ti^lcscope of his own construction. 
It had frequently been obs(‘rved before, but had 
always been mistaken for one of the fixed stars. 
But when Hcrschel saw it. be recognised by the 
visible disc which it presented that it must belong 
to the solar system, and following observations 
proved that it was a planet lying beyond Saturn. 
Its mean distance from the sun is 19*2 times that 
of the earth, and it completes a revolution in its 
vast orbit in 84 years. Uranus can occasionally, 
on a moonless night, be made out by a very, 
keen eye, as a star of the sixth magnitude, and 
certain early traditions about an eighth planet 
are supposed to imply that its true nature had 

1164 


thus been perceived by the vety primitive 
astronomers. Its mass is about 14*6 times 
that of the earth,* and its density is not quite 
double that of water. Little is known of its 
physical constitution ; even its diameter, has 
not been measured with any certainty, though 
it is probably about 30, (XK) miles. Uranus has 
four satellites, and possibly faint rings like 
1 hose which encircle Saturn. From spectroscopic 
observations, Professor I^well has estimated the 
period of rotation at 10 hours 45 minutes. 

The Discovery of Neptune. The dis- 
covciy of Uranus >vas a happy accident, but that 
of Neptune was the greatest triumph of mathe- 
matical astronomy since the time of Newton. 
After the orbit of Uranus had been fully calcu- 
lated, it was found that the actual motion of 
that })lanct did hot quite agree with prediction. 
The only valid explanation was that there must 


be an unknown planet still further from the sun 
tlian Uranus, whose attraction drew' that planet 
away from its })redict(^d motions. 

Shortly before the middle of the nineteenth 
century, the problem of determining the place of 
such a ])lanet from the trivial disturbances W'hieb 
it caused in the motions of Uranus was inde- 
pendently attacked by two astronomers — Adams, 
of Kngland, and Le V'erricr, of France. They 
both succeoiled in solving it about the same 
time, though it w as t he caleulatious of Lo Verrier 
whicl) first enabled dalle telescope to be 
])ointed to Ne])tuno, in 1846. The discovery of 
this planet was a remarkable conlirmation of 
the truth of Newton’s theory of the ])lanctary 
movements under the law' of gravitation. 

Neptune. Neptune can just be seen wdth a 
good field-glass. Its mean distance from the sun 
is about 2, 800, (KX), 000 miles, and it takes 165 
years to com])lete its orbital revolution. Its 
diameter is probably about 30,0(X) miles, and its 
mass is about 17 times that of the earth. Its 
density is about equal to that of Uranus— one- 
third that of the earth. Nothing is knowm of its 
rotation or physical constitution. It lies on 
the confines of the solar system, ancl 44 f It were, 
Hihabited — which seems impossible— rthe 
would look to its people no. bigger than Venus at 
her nearest approach to the earth, though the light 
which it gave would still be equal to that .of 700 
full moons. Neptune has. one satellite, whose 
•motion is even more irregular than that of the 
satellites of Uranus. 

W. E. GARRETT-FISHER 
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GROUP 20-MECHANICAL ENGINEERING • THE BUSINESS OF MACHINES-CHAPTER 9 

Levers, including Air-pump and Spring Levers, Cranks and 
Eccentrics, Wheel-gearing and Cams. Wedges and Screws. 

MECHANICAL ELEMENTS APPLIED 


W B now givo a number of selected examples 
of mechanism illustrative of the application 
of the skeleton force diagrams which were om- 
fiodicd in the last article. The lovers there shown 
are simply the lever crank chains of Ilculeaux, 
and the arms are the links turning about per- 
manent centres. The skeleton lines have no 
relation to the actual shape of the mechanisms, 
they simply give relations, ideas, os evidenced 
by the dilfcrences in an engine beam, a crank, a 
toothed wheel, an eccentric, and so on. The 
student should exercise his faculties in tracing 
out the elements of mechanics through other 
diverse forms. 

Examples of the Lever. Lcvci*s of 
the so-called first order [1, page 1027] occur 
most frerjiiently. The most familiar form 
after the common pair of scales is that of an 
engine beam, in which tlu* arms arc^ equal on 
(*ach side of the fulcrum, or cent ral pivot, and the 
loads equally balanced ; that due to the steam 
jiressure on one side, and the resistance offered 
by th(^ connect ing-rod and tly -wheel on the other. 
As the gr(*at(*st stresses come on the beam at the 
centre, duo to the leverage, exei’ted by the arms, 
the doubki parabolic outline is adopted, a form 
which, varied with plain tapered outlines, recurs 
constantly. Such a l<;ver is subjiK't to forces 
tending to snap it off near or t hrough the fulcrum, 
and therefore the thickiu'ss of metal, in cast 
iron, has to b(' very liberally projiortioiK'd. 
Such beams have frequently broken after y('ars 
of service. A Uu’rible colliery aecidcnit once 
resulted from such a beam bnuxking, Tii the 
older engines, timber was used largely ; in 
modern practice, mild steel plates are ust^d for 
beams, laigc and small alike, two or more being 
laid parallel, with distance pieces intervening. 

Air-Pump Lever. An unequal-armed 
beam, a lever of the lirst order, is illustrated in 
16, being an air-purn]) lever for an engine of 
marine type. Tlic usual [iroportion for such 
levers is 2 to I that is, the air-pump piston has 
just half the stroke of the engine })iston. The 
load upon the pnmp end of the hjver is found 
by multiplying the area of the pump piston 
or bucket by 30 lb. ]wr square inch. This 
latter ligurc makes allowance for the various 
frictional resistances as well as the load due to 
suction, and so on. Then, applying the principle 
of the lever, the load on the engine end is 

Area of pump piston x 30 x A 
B 

A being the distance of the pump end from 
the j)ivot fulcrum, and B being the distance of 
the engine end from the fulcrum. The pins, 
bearings, and rods can then be designed to suit 


the resulting loads. The fulcrum pin has to 
sustain both loads as well as the weight of the 
work itself. 

Cranks. An engine crank [ 16 ] is one of 
the most familiar examples of the same group 
of levers. But here one arm is absent, so that 
it is a disguised form. But the deficient arm is 
provided by the resistance which is set up in 
the engine shaft by the driven mechanism, and 
which the crank has to overcome. A crank 
shaft is therefore subjected to severe torsion, 
just as though a massive weight were suspended 
from an arm attached to its circiunfercnco. 
'I'lio crank disc [17 1 is exactly the same element, 
as is clearly s(^en by the outlining of a crank 
on its face. The disc form has nothing to do 
with the twisting stress on the shaft, but the 
circular shape is imparted in order to obtain a 
count(‘rbalance to the crank to enable it to rotate*, 
without a jerkjT’ movciiKiiit, a counter-balance 
wliich do(‘s not (‘xist in 16. 

The b(‘rit crank in 18 is another example of 
a one-annod lever, the resistance to which is 
embodied in flu^ crank shaft. As such cranks 
an^ liaTi)Ie also to jerky movements, they arc 
often counterbalanced by other leverages. 
Thus, to counterbalance loeomotive cranks, 
heavy weights arc inserted in tlu^ driving wheels 
opposite to the crank ])ins. Two-cylinder com- 
pound marine engine cranks [19 1 often have 
weights formed as extensions of their webs. 
But for these provisions, locomotives would 
knock thems(*lves to [licces when running, and 
compound marine engines would be subject to 
excessive^ vibrations. 

Often the one-armed crank is balanoc^d by 
other similar cranks in the same mochanisin. 
Thus a pair of engines are set with their cranks 
not in line, but at right angles, or sometimes 
diametx’ieally op[)osite. Treble-barrel pumps 
have their cranks [20] ai rangcd in the threo-tlirow 
style, or at angles of 120'', to balance each other. 

An eccentric [21] is a crank, and therefore a 
lever, only the fact is disguised by the throw, 
and by the fact that the equivalent of the 
crank pin, instead of being of relatively small 
diameter, as in 16-20, is larger than the com- 
bined diameter of the shaft, plus double the 
eccentricity. The relation of the lever crank is 
indicated in the figure by the two small circles, 
centre of throw and of rotation respectively. 

The Tower Bridge Levers. Going from 
smaller to larger examples, the great lifting 
bascules of the Tower Bridge arc Iwrers of the 
first order. Only one arm of each bascule is 
soon, the other is hidden within its pier. The 
arms are of unequal length, the shorter being in 
the piers, but equality of moments is produced by 
increasing the mass of the shorter arm. 
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there, and adding counterweight, so that the 
long and short arms balance. 

The application of the lever of the first order 
[p. 1026] to the common balance is obvious. 
But it is applied to a large number of weighing 
machines in which the arms are not equal, 
including the public weighing engines of the 
streets and platform weighing machines. An 
enormous disproportion is made between the 
long and short arms, and thus a very slight 
depression at one end is multiplied many times 
at the other, and communicated to the steel- 
yard — another lever in the office. 

Foot Brake. The second order of levers 
has a typical example shown in 22— ns., a 
foot lever brake for an ordinary steam crane. 
The load on the brake band is, first of all, 
calculated by inultipying the pull by the 
diameter of the lifting barrel or drum, and 
dividing by the diameter of the brake band. 
The lifting drum in the example is 9 in. in 
diameter, the brake band 2 ft. 6 in., and the 
pull on the drum is 2 tons : 

2 tons X 2240 lb. x 9 in. .^.4 n 

== . — OA • “ 13 ^"^ 

30 in. 

Only a portion of this comes upon the end of 
the ‘strap that is operated by the lover. The 
exact amount depends upon the arc of contact 
which the strap makes with the brake drum, 
and upon the co-efficient of fricition between 
the band and the drum. With a co-efficient of 
•02, and an arc of three-fourths of a circle, the 
load will bo approximately *64 of the above 
sum — 1344 X *64 — 860 lb. Then, by the 
])rinciple of the lever, the load on the foot 
treadle is 

860 x 2-5 in. 

— . 51 lb. 

42 in. 

With a brake of this class, it is necessary to 
balance the treadle and lever so as to ensure 
the brake being released freely when the pressure 
is removed from the treadle. This is accom- 
plished by forging an extension to the lever and 
securing a counterweight thereon, the amount 
of which can be calculated by treating the case 
as a lever of the first order. 

The construction of brakes of this class 
generally utilises the friction between wood — 
elm or poplar — and cast iron. The brake blocks 
are made in widths of from 3 to 4 in., and 
screwed to a strap of thin sheet iron, Avhich 
makes a flexible element, capable of being 
wrapped both freely and tightly round the 
turned rim of the band- wheel. The lever, being 
subjected to severe bending stress, is a forging, 
and the counterbalance weight is generally 
cast with a hole to sUde over the opposite end of 
the lever, to be fastened to it Avith a set bolt. 

Axle«turning Head. An excellent ex- 
ample of a lever of the second order is shown 
in the drive of the Armstrong-Whit worth axle- 
turning lathe [23]. The fulcrum is at one end 
in the centre (A) of the axle which is being 
rotated. The power is at the opposite end, 
at the pitch line of the toothed wheel (B) 
which ro^tes the axle, and the weight or load 


is at the circumference of the axle, which is being 
turned by a cutting tool there. The smaller the 
axle, therefore, the greater is the m echanical gain. 

Power is gained also for turning the Avheel 
by another lever, the driving pinion at the back 
(not shoAvn) making with the Avheel a pair of 
levers of the first order [p. 1025]. The pins (CO) 
standing out from the head are a Clement’s 
drivt??-, employed to produce equal driving 
movements about the axle being turned. Lathe 
men Avill recognise this as the familiar device 
adopted to balance the driving effort, and so 
prevent one-sided jerky movements of work 
about the centre. 

Clip.^ The third order of levers is not nearly 
so much in evidence as are the first and second. 
Having no mechanical advantage, it finds 
applications only under peculiar concHt ions. An 
example is given in 24, in the form of a clip, 
that is used to prevent certain portions of 
machinery from revolving, and which is a useful 
detail when fitted to a derrick gear Avorm on a 
crane. The power to be exerted by the hand 
Avheol and screw is, of course, determined by 
multiplying the pressure required on the clip 
by tlio distance A, and dividing by the dis- 
tance B. 

The illustration also shows the application of 
a ncreAv (( ') operated by a lever, the hand wheel 
(D) to gain sufficient power on the clip to over- 
come the turning movement of the Avormgear. 
Here, as in the case of the lever [22] with long 
and short arms, enormous mechanical advantage 
is obtained by the exercise of the power of one 
man. 

Clasp Nut. Fig. 25 is a familiar e.xample of 
a lever of the same order — the Whitworth clasp 
nut. The hinged lev’crs (A A) have the nut 
portions attaclied at one end (in the form of 
half-brasses), while the power to operate them 
is derived from the cam plate (B), the pins of 
Avhich transmit power. The cam plate is 
attached to the lever (C), the handle (D) of 
Avhich extends to the front of the lathe. 

Spring Levers. There is a large number 
of lovers in eA-ery order in which a spring is the 
element of either power or Aveiglit. They occur 
in the treadles of some forms of power hammers, 
and in the automatic trips of many niJichine 
tools. 

Fig. 26 show-3 a lever trip of one kind applied 
to the reversing motion of a grinding machine. 
The rod (A), being moved by a dog at a certain 
stage of the table travel, throws the fork (B) 
and its clutch in cither one or other direction, 
so putting the bevel wheels shown into engage- 
ment. To retain them thus, the spring jduiiger 
(C) has its end bevelled to match a bevel on one 
arm of B. The plunger is forced up ns B pivots 
by the coiled spring behind it, when the bevelled 
faces lock. 

Force Pump. Levers are made wdth mov- 
able fulcrums to suit different pressures, as, for 
example, in 27, where an ordinary hydraulic 
force pump is shown. Two fulcrums (A and B) 
are arranged by fitting a removable pin to the 
two holes in the framework. The short arms of 
the leverage available measure 6 in. and 3 in. 
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respectively, and the long arms 48 in. and 45 in. 
respectively. When working on fulcrum A the 

mechanical advantage is ’ = 8 to 1. When 

the pressure rises and the work becomes harder, 
the fulcrum pin is moved to B, and the mechanical 

advantage becomes ~ 15 to 1, the stroke 
o 

of the pump ram being correspondingly shorter. 

Safety Valve. A case where a lever is 
designed to give the load per square inch upon 
a given area is illustrated by the spring- balanced 
safety valve in 28. The valve is 2 in. in diameter, 
and the spring of course records pounds. The 
proportion of the lever depends \ipon the area of 
the valve. If the valve were 1 sq. in. in area it is 
manifest that the recording spring could be 
placed directly over the valve, or fitted on a 
lever of equal j)roportions. If the valve was 
2 sq. in. in area a lover of 2 to 1 would be 
required. A 2 in. diameter valve is 3 14 sq. in. 
in area, and so the lever is arranged in the 
same ratio. Fixing the fulcrum at 3 in. from 
the valve centre, the lever bcoomos 3 in. x 3' 14 

9*42 -- 9^v in. long. The spring safety valve 
is an alternative design to that, having a lever 
arm loaded with a weight. 

Wheel Gearing. Toothed gears are dis- 
guised levers ; the teeth are only incidents, since 
smooth-faced wheels will run by friction. It is 
not necessary even that the radii sliould be con- 
stant, but radii and leverage may vary. And thus 
wo have elliptical gears, triangular gears, square 
gears, and others, all transmitting variable but 
constantly recurring rates of- motion. 

It is an axiom in kinematic chains that they 
may be converted into mechanisms in tis many 
ways as they have links, because any one link 
may be made the fixed one, leaving the others 
movable. This can be studied in the spur 
gears, w'hich are levers, or turning pairs con- 
nected by means of the teeth, which in theory 
have line contact. In ordinary wliecls tlio 
centres arc fixed by bt'arings, and the rigid 
connection thus imjioscd is a mechanical link. 
There is no motion of the centres in space. In 
what are termed epicyclie trains, only one centre 
is thus fixed, and one or more revolve round it in 
one direction or the other, with a minute gain 
or loss in speed. 

Cams. A cam is a lever, but with its arms 
of varying lengtlis, corresponding with the 
outlines im))arted to the edge or groove, as the 
case may be. The centre on whieli the cam 
rotates is the fulcrum to the edge or grooves. 
In cams the lengtlis of arm vary, changing from 
maxima to minima, or passing through variable 
but irregular movements. In the modern prac- 
tice of the engineers’ machine shop they fill a 
place of constantly increasing importance, inas- 
much as they take the place of movements 
otherwise effected by the hands of the workman, 
with more or loss inaccuracy. The cam is both 
tireless and precise. Its movements can bo 
relied on, for they are timed in the design itself. 
In feeding movements especially, the cam is of 
most value. It is embodied notably in the 
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yarious automatic screw machines for oontrolling 
the relative movements of the tools and work. 

Fig. 29 is a heart earn, giving variable but 
regular movements on each lobe. Fig. 30 is a 
grooved-faoe cam, giving an irregular motion, 
and Fig. 81 is the regular two-slot cam plate 
for clasp nuts, etc., another example of which 
occurs in 25. 

Fuaee. In the fusee barrel [32] we have 
another example of a variable leverage, re- 
sembling the cams in this respect. But the 
object in this case is to maintain uniformity 
derived from variable movements, not only in 
borological instruments, but in cranes. In the 
latter, in the jibs of derricks which pass from 
greater to less radii, and vice versd from the 
{)erpcndicu1ar, the fusee drum keeps the load 
at a uniform height. 

Tension Organs. The wheel and axle, 
like its primal mechanical element, occurs in very 
many forms. The principle [ 5, page 1027] is 
the putting of a rope on or around a large 
pulley (lever) by which the weight is drawn 
up on a smaller “ axle ** (pulley, drum, or 
lever). This device lends itself to many appli- 
cations. These form one of the great groups 
termed by Kculcaux tension .organs. In other 
w^ords, they only oi)cratc in tension, being useless 
in compression. They owe a part of their great 
value to their flexibility, which feature permits 
of changing the directions of motion. Several 
materials can be utilised for tension organs, as 
ropes, chains, wire, and belting in its various 
forms. In some types of hand hoists, for ware- 
house work, the form occurs almost absolutely 
[S3], the load being lifted by a rope coiled around 
a small drum, while the endless chain or rope is 
pulled round the large one. This is also em- 
cd in many hand travellers, 
he Whip Crane. The whip crane 
affords another litoral example, tlie load being 
lifted by a small drum, and the chain or rope 
pulled round a large on(\ The slight differences 
are that the large drum is more correctly 
described as a double- flanged pulley, and the 
rope is tied through a hole in one flange and 
coiled round the pulley by means of a winch 
on the post below. In hand-travelling cranc's 
operatc^d from below, the rope or chain is fitted 
around its rim in recesses to “ biUj ” with suffi- 
cient gripping power to prevent slip from 
occurring. 

The wincli handle of a crane corresponds with 
the “ wdicol ” in 5. Its radius is fixed at from 
15 to 16 in., because this is as far os a man can 
conveniently reach. But the diameter of the 
“ axle ” — the chain drum or barrel — can bo 
made as small as 6 or 8 in., gaining much power, 
with corresponding reduction of speed of lift. 
The smaller the diameter of the drum the greater 
the mechanical advantage. In pr£06tice, this 
device of altering diameter is often adopted in 
hoisting machines of less simple character, a set of 
gears, for example, being retained, and a smaller 
or larger drum inserted to suit requirements. 

But few h6isting machines are so simple as to 
comprise only the winch handle and drum. The 
power gained would be totally insufficient for 
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the Kfting of heavy loads. In the simple crabs 
[34] and some small cranes, the first advance on 
this device occurs. The winch handle is not put 
on the same shaft as the drum, but on another 
lying parallel therewith, and tlie two shafts are 
“ geared ” together by means of toothed wheels 
(levers) of unequal radii, the smaller, actuated by 
the winch handle, directly actuating the larger on 
the same axis os the drum. The mechanical 
gain then is 

radius of winch handle x radius of wheel 
radius of pinion x radius of drum 

Further, this “ simple train ” gives place in 
large cranes to compound trains, in which two or 
more such combinations exist, and the gain is 

r adius of winch handle xrathi of all wheels 
radii of all pinions x radius of drum 

In power-opei’ated cranes, the winch handle 
is abandoned for the higluT pressing agency of 
steam, water, or that derived from the electric 
motor. Then, in many cases, trains of gears ar<^ 
diminished in number, or oven abandoned in 
favour of a direct drive. 

Pulley Blocks. In the diagrams of 
certain pulley blocks already given, care was 
taken to state that the results were secured only 
by neglecting fri(dion. That was necessary in 
order to gras[) tirst prineiples. Tt is simply an 
expression of the law that the mechanical work 
given out by a mechanism would be equal to 
that put into it, if there were no such thing as 
friction. But as friction docs exist, it happens 
that every additional eleiiu'nt in a machine adds 
its own quota of friction — more or less severe — 
to make up a big total, until in one particular 
case, that of the dilTerential pulley block, sub- 
stantially 9 (page 1027), the load will remain 
suspended in any position. This could not 
happen in 6 and 7. Tt happens in 9, solely by 
reason of the gross total of friction. 

The mechanical advantage, therefore*, in either 
of these diagrams, is not that of jjower and weiglit 
simply, but of these jilus more or less of friction, 
that of the cords or chains around t heir pulleys, 
and of the pulley pins in their bearings. In the 
application of all the ehmients now under dis- 
cussion, the designer strives to lessen friction as 
far as possibkj, but in another set ho tuins 
friction to practical account. 

Fig. 85 shows a sot of pulley blocks in which 
the combinations 8 to 10 are embodied in a 
practical manner by putting the sets of pulleys 
side by side on the same axis. Any height of 
lift can be obtained by these by giving enough 
length of rope. Fig 38 is a diagram of the 
differential block, which also embodies the prin- 
ciple of the Chinese windlass. The chain is 
pulled round the large pulley (A), passing thence 
to the snatch- block pulley (B) . below, thence it 
returns and winds round the smaller pulley (C). 
As A and C are cast together [87], the result must 
be that the snatch-block is lifted by a space 
equal to the difference in the circumference of 
A and C. The chain is prevented frOm slipping 
by nibs cast in the sheaves, and the friction — due 
to the different diameters of A and C — equals 
more than half the power expended, the load 


therefore remaining suspended without braking. 
When it has to be lowered, the opposite side of 
the chain must be pulled on. The lifting rate is, 
of course, extremely slow. 

Inclined Plane. This occurs in the cable- 
ways that play so large a part in the haulage or 
transport of material. The ropes used are the 
inclined planes, and the suspended skips or 
buckets are the loads. Power is applied by 
ropes, but economy is often studied -by making 
one bucket, or set of bucke>ta, in their descent, 
serve to draw up another on another incline. 

Wedges. The wedge occurs in many forms, 
in some as a splitting agent, in others as a moans 
of tightening parts. As the iirst, its best ex- 
ponents are seen in cutting tools, and if it bo 
objected that tliese hardly come within the 
scope of ap})lie(l mechanics, we must point to the 
immense importance of the cutting instruments 
whioh are embodied in maclnno tools, and around 
which these are built. As these will have full 
treatment in the later course on Tools, attention 
is hero drawn only to the bare fact. 

Cottars. The second group includes 
eottJiTs and allied forms, which device is em- 
ployed in many bolts, also in the strap form of 
connecting rod ends, in effecting rapid union 
of long lengths of pump rod, of long roof ties, 
and very much besides. The cottar takes 
various forms in these cxaiuplcs [38-42]. 

The cottar pure and simj)le is driven by a 
hammer, but in the form of a tail of a bolt [42] 
it is tightened by screwing the nut. The angle 
or taper of the wedge is an important detail, not 
only in cutting tools but in tlie cottar. Tf the 
angle is too largo in a driven cottar, the effect 
of jar on the mechanism will be to loosen it, by 
causing it to work back out of its seating, hence 
the set screw in 41. Tt is therefore made as 
drawn [38-42]. A cottar bolt may have more 
taper because the nut holds it against the 
inlluenoe of jar. JTio value of the cottar in 
these cases lies in the provision which it affords 
of taking up wear in the brasses, to be considered 
at length in the course on Machine Design. 
Thus we have the function of the cottar as 
a convenient method of union, and also that of 
effecting minute compensation for wear. 

Keys. The common key [43] is a wedge, 
cousin-german to the cottar. It secures wheels 
on their shafts by a wedging action j)ure and 
simple, and its taf)er is but slight, to prevent 
risk of slackening back. The forms of keys 
do not concern us here, as they are dealt with in 
Machine Design, but their relation to the wedge 
is properly noted. 

Keel Blocks. Passing to the massive, 
we see in the row of keel blocks [44] under a 
vessel on the stocks a simple means of adjust- 
ment. Three wedge pieces, of (Jfist iron, the 
upper one carrjdng a piece of teak wood }>lank, 
sustain a share of the loiid of the vessel during 
constniction. By hammering the middle piece 
farther in or out the height of the block is 
readily varied, and with it the level of the 
mighty mass above. The angle is very small, 
otherwise no effect could be j^roduced, the 
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reason for which was given in connection with into the body, two or three threads are run side 

14 [page 1028]. Another familiar application of by side of the same pitch, which thus results 

the w^ge is to pile driving. The pile, pointed, in a stronger body and a larger thread surface 

its bottom end shod with steel, is driven by the to withstand wear. 

the monkey into sand and clay. The Pile Screw. The pile screw is an 

Screws. The screw occurs in hundreds application of the same kind to the turning of 
of combinations, both as an instrument for iron piles into the beds of rivers. It is capable 

gaining mechanical advantage, as a means of ' of penetrating not only sand, but gravel, clay, 

fastening, or as a precision instrument, so that and broken rock. The movement is slow. It is 
one is rather at a loss what examples to select. produced, generally, by employing another screw 

One of the most striking yet commonplace and lever in the form of worm gears, a worm wheel 

examples of the first is the screw-jack, and encircling the head of the pile and being turned 

allied forms, such as the John Bull, the fiy-press, by a worm, actuated by hand or engine, 

the copying-press, and the pile screw. We call The propeller embodies segments of a screw 
them allied, because, though their functions are of quick pitch. That is, if the screw w^ere corn- 

dissimilar, their method of action is the same — pleted, the distance between threads would 

the exercise of immense force through a vciy usually be from 18 to 24 ft. But then the 

small space, with a small expenditure of power movement of propulsipn would bo slow but for 

oxercis^ through a largo space. One man can, the fact that the shaft to which the pro|)cller is 

by operating the screw by a lever, lift a load attached is driven at a rapid rate. 



45. JOHN BULL SORKW AND LEVER 46. SCREW-JACK 47. FLY-PRESS 


of several tons by the screw-jack [48]. A man Conveyor screws have no end-long motion 
using the John Bull [45], which is a simple themselves, but they transmit that motion to 
screw and lever, can drill holes an inch in dia- loose stuff shot into them. Corn, cement, or 
meter in iron and steel. The fly- press [47] is other pulverised material is compelled by its own 
essentially a double-ended lever operating a inertia to be carried along by the blades of the 
double-threaded sci’cav of quick pitch, for continuous screw, and at a rate which is con- 
stamping pens, tinned ware, medals, and much trolled by pitch and rate of revolution, 

besides. The copying-press is an allied form The screw, as a means of measurement, occurs 
operated similarly. In these elementary ina- in the letul screws of lathes. It is the first 
chinos the gain irf power and its compensating element in cutting screw threads in this machine 
loss in spetKl are obvious. The screw being tool. Though of one unvarying pitch, it con- 
simply an inclined plane wound round a cylinder, trols the cutting of hundreds of other possible 
the smaller the angle of the incline the greater pitches by the change wheels — variables intro- 
tho power gained. Therefore, in the screw-jack ducod between the screw and the mandrel of 
and the John Bull, the screws are of wTiat is the lathe. The same element is found in the 
termed fine pitch, or low pitch, or flat pitch. universal milling machine, in the screws of 
In other words, their angle is low% and con- micrometer calipers, and in the Whitworth 
sequently the number of turns or threiuls in a measuring machine. We cannot hoise trace the 
given length is largo. But when speed of move- screw into the numerous w^orm, spiral, aiwl 
ment is required, with moderate power, they helical gears, which are treated in the later 
are of quick pitch, or sloped very much. This course on Machine Desion. The same observa- 
is the case in the fly-press [47], where momentum tiou applies to toothed gears and other me- 
is necessary, to bo obtained only by a screw chanisms mentioned in those papers, but the 
of rapid traverse, or of considerably more slope design and proportioning of wdiich belong pro- 
than that imparted to the screw-jack. And as a perly to the subject of Machine Design. 
single thread of coarse pitch would out too deeply JOSEPH G. HORNER 
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Defective and Impersonal Verbs and Oratio Obliqua 
in Latin. Continuation of English and German. 


Y Continued fron 

piigeKkr.! 


Section I. GRAMMAR 

Frequentative Verbs. These express 
repeated or intenser action, and are formed 
either (1) in -/o, from supine stems — e.g.^ 
tracto — I handle (from traho^ traxL tractum ~ 

T draw) ; curso — I run about (from ri/rro, 
cucurrif cursum — T run) ; or (2) by adding 
•ito to the last consonant of the present stem — 
e,g., rorjito ^ I ask often. All Frequent at ives 
ore first conjugation. 

Inceptive Verbs. Those express begin- 
ning of action, and are formed by adding ‘Sco to 
the present stem of vcibs. or from nouns by 
adding -asco or -efico — e.g., jat'enesco — T begin 
to grow young ; ignviico ~ I burst into flame. 
All these are third conjugation. 

Desiderative Verbs. Those express 
desire, and are formed by adding -urio to the 
supine stem — e.g,, eaurio = T am hungry (from 
edof esum -- 1 eat). All these arc fourth 
conjugation. 

Quasi«Passive Verbs. These are the 
exact dppositi'- of Deponents, Dc'ponents are 
passive in form and active in meaning ; Quasi- 
Passives are active in form and passive in 
meaning --r.f/., fio — I am made ; exuh - J am 
banished ; liceo — 1 am put to auction ; vapitln 
- 1 am beaten ; verieo (compound of co =- I 
go) -- 1 am on sale (used as tlie passive of 
vrndo -- 1 sell). 

Defective Verbs. These lack some of 
a verb’s usual parts : 

1. Odi (I hate), rnemini (I remember), ctvpi (I 

begin), are perfects, without any pri'sent-stem 
tenses. Novi (I know), from fiasco, is similarly 
used. Thus : “ To hate ” odisse ; “ 1 re- 

membered ” — memifieram (pluperfect). 

Memini has Imperative meviento, viemcntote, 

Ccepi and odi have ])(*rf('ct and future parti- 
ciples — co:]jtu8 and corpturus, osus and nsurm. 

2. Many verbs have perfect without supine, 
and some have neither perfect nor supine — 
e.gf., most of the Inceptive verbs. 

3. Inquam (I say) has the following parts : 

1. 2. 3. 

Present: inquam inquis inquifc 

inquiraus inquitis inquiiint 

Imperfect : — — inquiebat 

— . — inquiebaht 

Future : — inquios inquiet 

Perfect : — inquisti inquit 

Imperative : — inquo — 

— inquit^j ^ — 

FRENCH, GERMAN, SPA 
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Aio (I sav ay, I affirm) has : 

1. 2. 3. 

Present: aio a is ait 

— — aiunt 

I m per feet : a i e bam 

(complete) 

Pres. suhj. : — aias aiat 

— • — aiant 

Fari (to speak) — depomuit — has : Fatur (he 

speaks) ; fabor (I shall speak) ; fare (apeak 
thou) ; fari, fatus, f and us. 

Impersonal Verbs. These are con- 
jugated only in the third person singular of the 
finite verb, and in the intinitive. They can lie 
in any tense. 

1. The following are used with the accusa- 
tive : OjHirtet (it behoves), decet (it beseems), 
dedecet (it misbeseems), piget (it irks), piidet (it 
shames), jioenitet (it repents), tnedet (it wearias), 
miseret (it moves jiity)— all .s(*cond conjugation ; 
also, deh’ctat (it charms), and juvnt (it delights) — 
first conjugation. 

2. The following are used with the dative : 
Lihet (it pleases), licet (it is lawful), liguet (it is 
clear) — second conjugation ; also, accidil, con- 
tingit (third), evenit, convenit, expedit (fourth). 

Examples : Oportet me ire -- I must go. 
Licnit tibi ridere — You were allowed to laugli. 

3. Pudet, piget. taedet. poenitet. miseret, are 
used with an acc. of the person feeling, and 
a genitive of what causes the feeling: Taedet 
me vitae — I am weary of life. 'I'ni me. miseret ; 
md piget — I pity you ; 1 am vexed with 
myself. 

4. Interest and refert (it concerns, or it is 
important for) take the genitive of the peison 
concerned — e.g., ('aesaris interest pontem facere 
— it is C.Tsar’s interest to build a bridge. [Thi.s 

construction is rare with refert : say, ad Cicsarem 
refert.] But jfossessive pronouns are used in the 
ablative feminine — e.g.. Quid med refert — What 
does it signify to me ? ^fagis nullius interest 
guam tm ~ It concerns no one more than 
yourself*. 

Irregular Verbs : First Conjuga- 
tion. The following arc the most important 
except ions : 

Perfect — ui. Supine — Hum. 
crepo ci'q^aro crepui crepitum creak 

* The med and the tud ])robably agree with 
re understood. Med re fert was originally meae 
rei fert, and then rei being shortened to re, 
meae became mea. If this is so, mea interest is 
probably an imitation. 

NISH, LATIN, ENGLISH 
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Similarly, cvho (lie dotvn), domo (tome), plico 
(fold), aono (sound), tono (thunder), veto (forbid). 
Perfect — ui. • Supine — turn. 


seco 

secare 

secui sectum 

cut 


Perfect reduplicated. Supine — turn. 

do 

dare 

dedi datum 

give 

sto 

stare 

steti statum 

stand 


Perfect- 

— Supine—Zww. 


juvo 

juvare 

juvi jutum 

help 

lavo 

lavaro 

lavi lotura 

wash 



or lavatum 


Note. Compounds of do are of third con- 
jugation, and make -didi, -ditum (except cir- 
cutndo, peasumdo, and venunido, which make 
-dedi, ’datum). Compounds of sto form -atili, 
’Stitum, 

Section II. COMPOSITION 

The Oratio Obliqua. This construction, 
known also as Oblique Narration, or the 
Accusative and Infinitive Construction, is one of 
the most characteristic idioms of Latin. It is 
especially used where English has a clause 
^beginning with that after (1) verbs of aaying, 
knowing, thinking, believing, feeling ; (2) im- 
personal expressions, as “ It is clear, true,” etc. 

Rule 1. The subject is put in the acc. case, 
and all principal verbs are changed from indica- 
tive to infinitive, retaining their original tenses — 
e.g.. He says that the moon is smaller than the 
sun = dicit lunam esse minorem sole (literally, 
Ho says the moon to be smaller). I know that 
I shall die = scio me moriturum esse. 

[Instead of dico . . . non, Latin uses nego 
= 1 deny — e.g.. He said he did not believe 
= nejavit se credere."] 

Rule 2. All verbs, other than principal verbs 
(i.e.., verbs directly making, a statement), are 
put in the subjunctive. There cannot be an 
indicative in Oratio Obliqua. This is very 
important. 

Examples : “ The slaves whom I now have 
here arc most faithful ” is in Oratio Kecta 
(Direct Narration), and would be in Latin, 
“ Servi quos nunc hie haheo sunt fidelissimi.” 
Turn this into “ reported speech,” or Oratio 
Obliqua, and we have “ He said that the slaves 
whom he then had there were most faithful ” = 
dixit servos quos turn ibi haberet esse lldelissi- 
mos. [Note the change of “no^v” into “then,” 
” hero ” into “ there, “ I ” into “ he,” “ have ” 
into “ had.” and “ are ” into “ were ” ; but 
wo still U.SO ” esse ” for “ were,” because “ esse ” 
is both present and imperfect infinitive, and 
“fuisse” would mean “had been,”] Again, 
“ It is clear that, because the citizens are 
cowards, the city will be taken ” = manifestum 
est quod cives ignavi siiU, urbeiii captum iri. 

Rule 3. ImpiTatives in Oratio Recta become 
imperfect subjunctive in Oratio Obliqua— e.gr., 
Recta : “ Charge, my men,” said the general = 
Instate, milites, inquit irnperator. Obliqua ; 
“ The general said to his soldiers, * Let them 
charge,^” = irnperator militibus dixit, Instarent. 

Rule 4. Questions in the first and third persons 
are rendered in Oratio Obliqua by the accusative 
of the person and the infinitive of the verb ; 
but questions of the second person become 
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imperfect or pluperfect subjunctive— (They 
said) Why is our general absent ? = cur abeaae 
imperak>rem P (He said) Why ate you ad- 
vancing ? = cur progrederentur ? 

Rule 5. Ego, tu, noa, voa, cannot find a place 
in Oratio Obliqua ; me and noa become ae, 
tu becomes ille, and vos becomes illi. 

Se and auua refer, as a rule, to the speaker — 
e.g.. Ho says that he will come = dicit se ven- 
turum esse. 

He said, “ Let them not forget his kindnesses ” 
= nc suorum beneficiorum obliviscerentur. 

If, however, suua is wanted to refer to the 
subject of some subordinate verb (e.g., oblivia- 
Cerent ur, above), then ipse is used to refer to 
the speaker — e.g.. Let them not forget their 
own ciowardice or his kindnesses = ne suae 
ignainde a\U ipsiua beneficiorum obliviscerentur. 

Note. The translation of the English con- 
junction that needs great care. When it means 
“ in order that,” “ so that ” (as “ He walked 
fast that he might warm himself ”), it should 
be translated by ut with subjunctive. When 
it means “ the fact that,” after any verb or 
phrase sentiendi vel declarandi (“ of feeling or 
suiting”) the accusative with the infinitive 
must be used. In English we can say, “You 
were ill, lie^ thought, and therefore absent.” 
But in Latin wo must say, “ He thought that you 
were ill. etc.” (Putavit te aegrotare). 

To BE Turned into Latin Prose. 

The inhabitants of this island were so bold 
that they would have preferred a thousand 
deaths (say, “ to die six hundred times ”) to 
disgrace, if the choice had been necessary. 
One bravo farmer was asked why he would sooner 
die nobly on the field of battle than live ignobly 
at homo. He answered, “ Because I am more 
afraid of shame than of death.” It happehod 
once that they were invaded by the powerful 
nation of the Ventidii, who landed on their 
shores, marched up to their capital, devastated 
the country all round, and then laid siege to the 
city. The citizens determined to resist with 
boldness. Instead of throwing themselves at 
their enemies’ feet, they sent away their families, 
their old men, and their treasures, and prepared 
to resist with desperation, llioiigh they were 
prevented by scruples from committing suicide, 
they promis^ one another to fight so desperately 
that the enemy should not take them alive. 
When they were all assembled in arms, tlieir 
general aadressed them thus ; “ Remember, 

citizens, that victory or death awaits you. 
I will say no more ; the enemy is at the gates. 
What reason is there for delaying 1 ” 

Latin Version of the Above Extract. 

[I^tin prose composition can be learned only 
by long and constant practice. The student is 
advised to translate t];ie following B&tin version 
literally into English, and then compare his 
English version with the English version as 
given above. This will give him a good idea 
of the difference between the English and the 
Latin ways' of expressing ideas. Accuracy and 
clearness are the first essentials, and then the 
style should be polished by constant comparison 
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with the style of the best Latin authors, such as 
Livy and Cicero. Hints on style will bo given 
from time to time during the remainder of this 
course.] 

Qui in hac insula habitabant ii omnes quum 
essent summa audacia prtoditi, sescentiens 
mortem quam semel, si optandum fuisset 
(gerundive — “if it had to bo chosen, if choice 
had to be made “) infamiani obire maluissent. 
E quibus agricola quidam, vir fortissimus, 
rogatus cur potius vellct militia3 per virtiitem 
emori quam per dedecus domi vivere, rcspondit 
se ignominiam magis quam mortem timere. 
Quibus ita accidit ut Ventidii, quae gens erat 
potcntissima, in corum fines navibus ingressi, 
agris undique vastatis, urbcm quam maximam 
habebant obsidercnt. Sed quum civibiis visum 
esset sibi quam acerrime bostibus obatandum 
(gerundive), tantum aberat ut se iis ad pedes 
dejicerent ut, pecuniis et libcris et senibus 
dimissis, sese ad re>si8tenclum accingerent ut 
(as) (jui do suis rebus desperarcnt. Religiono 
quidem obstricti quominus sibi morUm con- 
scisoerent, alii tamen aliis pollicebantur sese 
acrius pugnaturos quarn qui ab bostibus vivi 
eaperentur. Quos quurn armatos imperator 
convocasset (shortened form of convommsset), 
jussit meminissc aut victoriam aut mortem 
obeundarn : se non plura dicturum ; bosU^s 
illis ad portas adesse : quid eausjo (partitive 
genitive, literally “ what of reason ”) esse cur 
jam moranmtur ? 

Skction III. TRANSLATION 

Perokation of (^lOERo’s Second Philippic 
Speech. 

Res])ice, quicso, aliquando rempublieam, 
M. Antoni : quibus ortua sis, non quibuscum 
vivas considera : mecuiii. ut voles ; redi eura 
republica in gratiam. Sed do to tu vidoris ; 
ego de me ipso prolitobor. Defimdi rem 
publican! adoleseens, non do.seram senex : con- 
tempsi Catilinui gladios, non pertimeseam tuos. 
Quin ctiam corpus libenter obtulerim, si repraj- 
sentari morte mca libertas civitatis potest ; 


ut aliquando dolor populi’ Romani pariat, quod 
jam diu parturit. Etenim si abhinc annos 
propo viginti hoc ipso in templo negavi posse 
mortem immaturam (‘sse oonsulari, quanto verius 
nunc negabo seni ? Mibi vero, palres conscripti, 
jam etiam optanda mors est, perfuTicto* rebus 
iis quas adeptus sum quasquo gessi. Duo 
modo ha^c opto ; iinum ut morions populum 
Romanum lil>erum relinquani — hoc mihi majus 
ab dis immortalibus dari nihil potest — altcrum, 
ut ita cuiquo cveniat ut do republica quisque 
mereatur. 

“ Perfuncto ” is dat. of the perf. ptc., 
agreeing with “ mibi ” : it governs an abb, 
being compound of “ fungor.” 

Enolish Version op Above. 

Bethink yourself of the State, I beaeoeh you, 
even now, Marcus Antonins : think of tbovse 
from whom you have sprung, not of those with 
whom you noAV associate : deal with me as you 
like, but make up your (juarrel with the State. 
About your own course, however, you yourself 
will decide : I will openly profess my own. 
I defended the State in my youth, 1 will not 
abandon it in my age : 1 scorned the swords 
of Catiline, I will not fear yoins. Nay, rather, 
I would gladly offer my body, if by my death 
the freedom of the State can be immediately 
recovered, so that at last the pangs of the 
Roman people may give birth to that with which 
they have so long been in travail. If, nearly 
twenty years ago, I said in this very 
temple that death could not be untimely for 
one who had filled the consulship, how much 
more truly shall I say this now of an old man ! 
For me indeed. Senators, death is even to bo 
desired, now that I have completed the course 
of honour and of achievement. 

I have only two wishes. One is that at my 
death I may leave the Roman people free — 
and no greater gift- than this could be granted 
me by Heaven I The other is that as each 
man has doH(*rved of the State, such may be 
that man’s reward. 


( Umtinued 


ENGLISH 


THE VERB — continued 
Strong and Weak Conjugations. 

English verbs are divided into strong and 
weak, according to the manner in which they 
form their Past Indefinite tense. 

1. Verbs that form this tense by modifying 
the vowel of the present tense (without adding 
any suffix) are said to belong to the strong 
conjugation — as: ahine^ shone. The past parti- 
ciple of all strong verbs originally ended in -cn, 
and this ending still remains in many of them 
(sometimes in the form of -w) — as : hreaky broke, 
broken. The past tense of strong verbs arises 
from contraction of the original reduplicated 
form ; for this tense w^as at first formed by 
reduplication — i.e., by repeating the root of the 
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verb (r/. in Latin, jallo, fejelli, where the re- 
duplication modifies the root vowel from a to 
e). With a few exceptions, all strong verbs are 
of one syllable only. The exceptions are really 
compounds of simple verbs, as forget, begets 
awake, abide, etc. 

2. Verbs that form their past indefinite by 
adding the suffix -ed, -d, or -t to the present 
tense are said to belong to the weak conjugation — 
as : treat, treated ; feel, felt. When the present 
tense ends in e, d only is added — as, love, loved. 
The vowel y preceded by a consonant becomes i 
before this suffix — as : bully, bullied ; pay, 
paid. A single final consonant preceded by a 
single vowel is usually doul)h?d before the 
suffix — as : drug, drugged ; travel, travelled. The 
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past participle of weak verba is usually the 
same in form as the past indefinite. If the pre- 
sent tense ends in d or t, the suffix is often 
dropped, and present, past, and past participle 
have all the same form — as: coaly coat, cost. 

All the verbs in the Strong Conjugation are of 
old Teutonic stock. The Weak Conjugation, 
while including some old verbs and some that 
were once Strong, is mainly composed of the 
verbs added at later times — c.(7.,atthe Norman 
Conquest. Every new verb now added to the 
language belongs to this conjugation — as: 
telephoned, motored, electrified, photographed. 

It is needless to give here a list of all the 
Strong and the Weak Verbs in the English 
language. The most interesting verbs, how- 
ever, and those that jjresent any difficulty, are 
now given. 

Verbs of the Strong Conjugation. 

1 . 


Present, 


Past, 

Past Participle, 

bind 


bound 

bound 

find 


found 

found 

grind 


ground 

ground 

cling 


clung 

clung 

fiing 


flung 

flung 

sling 


slung 

slung 

Blink 


slunk 

slunk 

Btick(a) 


stuck 

stuck 

string 


strung 

strung 

swing 


swung 

swung 

wring 


wrung 

wrung 

begin 


began, 

begun 



or begun(/^) 


drink 


drank, 

drunk. 



or drunk(/>) 

nr (Inuikcn(c) 

ring 


rang, 

rung 



or rung(6) 


sing 


sang, 

sung 



or sung(6) 


sink 


sank, 

sunk, 



or sunk(6) 

or siinkcn(f ) 

spin* 


span , or spun 

spun 

shrink 


shrank, 

shrunk. 



or shrunk(6) 

or shrunken(c) 

spring 


sprang, 

sprung 



or sprung(6) 


stink 


stank, 

st link 



or stunk(6) 




swam, 

swum 



or swum {b) 


win 


w'on 

won 



(old form, wv/?i] 

wind 


wound 

wound 

Notes. 

(a) 

Stick, now strong, was formerly 

weak. 




(h) These forms are not oftem used now. 

(cj Drunken, 

sunken, and shrunken are now 

used only 

as adjectives — as: 

a drunken man : 

sunken rooks ; 

n 

shrunken flannel. 

Present, 


Past. 

Past Participle, 

blow 


blew 

blown 

grow 


grew 

grown 

know 


knew 

known 

throw 


threw 

thrown 

draw 


drew 

drawn 

hold 


hold 

holden, or held 
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Present, 

Past, 

PaM Participle, 

fall 

fell 

fallen 

lie (to recline) 

lay 

lain 

slay 

slew 

slain 

see 

saw 

seen 

drive 

drove 

driven 


[old form, drave\ 

ride 

rode 

ridden 

rise 

rose 

risen 

smite 

smote 

smitten 

chide 

chid 

chidden, or chid 


[old form, chode'\ 

hide 

hid 

hidden, or hid 

slide 

slid 

sliddon, or slid 

strive 

strove 

striven 

strike 

struck 

stricken, 



or struck 

thrive 

throve 

thriven 

write 

wTote 

wTitten 

bite 

bit 

bitten 

oat 

ate 

eaten 

boat 

beat 

beaten 

bid {to order) 

bade, or bid 

bidden, or bid 

give 

gave 

given 

forsake 

forsook 

forsaken 

shake 

shook 

shaken 

take 

took 

taken 

come 

camt 

come 

b(*ar 

bor(‘, or bare 

borne, or born 

bn'ak 

broke, or brake broken 

tear 

tore, or taro 

torn 

wear 

wore 

worn 

weave 

wove 

woven 

speak 

spoke, or spake spoken 

steal 

stole 

stolen 

swear 

swore, or sware 
chose 

sworn 

choose 

chosen 

freeze 

froze 

frozen 

fly 

flew 

flown 


Notks. Fall, fell, fallen is intransitive ; but 
th(? kindred verb to fell is transitive, and regular 
of the weak conjugation — as : “ The woodman 
felled the tree.” Bare, brake, tare, spake, sware 
are not used in modern English. 

Borne means carried ; horn is used of birth, 
chietly after the verb “ to be.” Examples : 
“ Which have7>orwc the burden and heat of the 
day ” (St. Matthew) ; “ Where is He that is 


born King of the Jews ? ” (St. Matthew). 

Present, 

Past, 

Past Participle, 

abide 

abode 

abode 

awake 

iwoko 

awoke 

stand 

itood 

stood 

tread 

trod 

trod, or trodden 

sit 

sat 

sat 

get 

got (gat) 

got (gotten) 

hang 

hung 

hung 

run 

ran 

run 

burst 

burst 

burs^ 

shoot 

shot 

shot 

seethe 

sod 

sodden, or sod 

spit 

3pat, or spit 

spit 

fight 

fought 

fought 

Notes. 

Awake, as a strong verb, is intransi- 


five, meaning “ I wake up.” When it is transitive, 
m3aning “ I rouse some-one,” it is weak, and 
has aimked, awaked for its past tense and past 
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participle. Similarly with hang ; when in- 
transitive it is strong — as : “ He hung there for 
three hours ” ; when transitive, it is weak — 
as: “ But he hanged the chief baker.” 

Seethe, meaning to boil, is very seldom used 
now, except in a figurative sense — as : “ A 
seething mass of men.” The original sense is 
seen in the expression, “ And Jacob sod pottage ” 
(Genesis). Tlie past participle sodden now 
means “ soaked through.” Seethe is now 
usually weak, making seethed, seethed* 

Verbs of the Weak Conjugation. 

1. Some lose the suffix and shorten the 
vowel — as : 


Pres, 

Past, 

P.Part. 

Pres, 

Past. 

P. Part, 

bleed 

bled 

bled 

meet • 

met 

met 

breed 

bred 

bred 

road 

read* 

read* 

feed 

fed 

fed 

speed 

sped 

sped 

lead 

led 

led 

light 

lit 

lit 


* Pronounced rH. 


2. Some lose the suffix without changing 
the vowel ; but they change the final -d 
into -t : 


Present, 

Past, 

Past Participle, 

i>end 

bent 

bent 

lend 

lent 

lent 

rend 

rent 

rent 

s('nd 

sent 

sent 

spend 

spent 

spent 

wend 

went, or w'ended 
built 

wended 

build 

built, or buildhd 

blend 

blended 

blent 

gild 

gilt, or gilded 

gilt, or gilded 

gird 

girt, or girded 

girt, or girded 


3. Some lose the suffix and show no change 
at all. The following have the same form 
throughout : Cast, cost, cut, hit, hurt, knit, let, 
p'tt, rid, set, shed, shred, shut, slit, split, spread, 
thrust, and bid (meaning “ to olTer at an auction,” 
as “ He hid £5 for it yesterday ”). Let, meaning 
to hinder, comes from lettnn ( to hinder, c/. late), 
while let, meaning to allow, is from laetan 
(French laisser), 

4. Some retain the suffix, but shorten or 
otherwise alter the vowel : 


Present. 

Past, 

Past Participle. 

beseech 

besought 

besought 

buy 

bought 

bought 

catch 

caught 

caught 

bring 

brought 

brought 

sell 

sold 

sold 

seek 

sought 

sought 

toach 

taught 

taught 

think 

thought 

thought 

tell 

told 

told ' 

work 

wrought 

wrought 

can 

. could 

— 

may 

will 

might 

would 


shall 

should 

— 

bereave 

bereft, or 

bereft 


bereaved 

• 

oreep 

deal 

crept 

dealt 

crept 

dealt 

dream . 

dreamt, or 

dreamt 


dreamed 

B D aj 


Present. 

past. 

Past Participle. 

feel 

felt 

felt 

flee 

fled 

fled 

hear 

heard 

heard 

keep 

kept 

kept 

kneel 

knelt 

knelt 

lean 

leant, or 
leaned 

leant 

leave 

left 

left 

lose 

lost 

lost 

mean 

meant 

meant 

sleep 

slept 

slept 

SWCM'p 

swept 

swept 

weep 

Wl'pt 

wept 

lay 

laid 

laid 

say 

said 

said 

shoe 

shod 

shod 

Verbs of Mixed Conjugation. Some 

verbs arc found in both 

conjugations, while 

others either combine a weak past participle 

with a strong i)ast tense, 

or a strong past 

participle with 

a weak i^ast tense. 

Present, 

Past. 

Past Participle. 

shear 

shore 

shorn 


sheared 

sheared 

climb 

clomb 

— 


climbed 

climbed 

cleave 

clove 

cloven 

( = to split) 

clave 


cleft 

cleft 

heave 

hove 

hoven 


heaved 

heaved 

dig 

dug 

dug 

digged 

digged 

crow 

crew 

crowed 

crowed 

help 

helped 

holpen 

hel|K'd 

hew 

hewed 

liewii 

hewed 

lade 

laded 

laden 

lose 

lost 

lost, lorn 
(as in forlorn) 

melt 

melted 

molten 

melted 


mowed 

mown 

mowed 


rived 

riven 

rived 

saw 

sawed 

sawn 

sawed 

shape 

shaped 

shapon 

shaped 

shave 

shaved 

shaven 

shaved 

shew, 

shewed. 

sIicuTi, shoa n. 

or show 

or showed 

or showed, 
showed 

sow 

sowed 

sown 

sowed 

strew 

strewed 

strewn, strown 
strewed 

swell 

swelled 

swollen 

swelled 

wash 

washed 

washen 

washed 
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Present, Past. Past Participle^ 

wax waxed waxen 

( = to grow) waxed 

do did done 

go [went] gone 

Notes. WenU used as the past tense of go, 
is the past tense of wend — as in “to wend one’s 
way.” 

Crew (from crow) is rarely used now, and only 
of the literal crowing of a cock— c.^., “ the 
cock rrcM\” When used of the crowing of 
babies, etc., the past tense is always crowed. 

Many of the above forms are now obsolete — 
e.g., holpen (“ He hath holpen his servant 
T.sracl ”), haven, uxishen, waxen (“ The children 
of Israel were ^vaxen strong ”) ; and some of the 
past participles arc used only as adjectives — 
e.g., a molten image, the cloven hoof, a shaven 
head. 

Clothe, have, and make form chd, had, and 
made, which are contracted from clothed, haved, 
and maked. 

Tight, straight, dight (adjectives) are weak 
past participles of tie, stretch, deck ( — to adorn). 
Distraught is an irregular past participle of 
distract. Fraught is sometimes said to be the 
participle of “ to freight,” but probably it is 
not connected with any verb. 

“Lie” and “Lay.” So much confusion 
is prevalent concerning these* two verbs that a 
special paragraph seems nt'CMlful in this con- 
rcction. Wo can leave out of consideration 
Vj lie, meaning to tell an untruth ; for this verb 
is of the weak conjugation and perfectly regular, 
He, lied, lied. 

Examples : “ IT(? lied like a trooper,” “ You 
have lied to me more than once.” 


The confusion arises between to lay and to lie 
(meaning to recline), because the post tense of 
lie in this sense is lay. Let us compare the 
principal parts of the two verbs. 

Present, Past, Past. Part, 

lie lay lain 

lay laid laid 

To lie is strong and intransitive ; therefore, it 

cannot govern an object or be used in the 
passive voice. To lay is weak and transitive ; 
therefore it must have an object expressed. 

Examples : “ He lay there for several hours,” 
“ I have never lain on a softer bed,” “ That 
hen laid an egg yesterday,” “ Having laid His 
hands upon them, He blessed them.” Of 

course, we can say either ” They lay down ” 
or “ They laid, themsehes down ” ; the meaning 
is practically the same in cither sentence, but 
the verb in the first is intransitive, and in the 
second transitive (with themselves as object). 

Exeiutse. 

Correct, if necessary, the following sentences : 

1. I will both lay me down in peace, and 
sleep. 

2. We ought to lay down our lives for the 
brethren. 

3. 1 am going to lay doun. 

4. He lied when he said that he luad lain his 
work aside* and had laid down all the afternoon. 

5. Having lain motionless for some time, I 
began stealthily to creep along. 

t). When he has laid his burden down, he will 
bo a different man. 

7. Lay licre and rest ; lay your bead upon 
this pillow. 

8. It has been laid uj^on me that I ought to go. 


Continued 


GERMAN ''rtu" By P. 

Gender of Nouns and Adjectives 

XII. Of Fkminine Gendkr arc: 

(o) Substantives denoting female persons [see 
VII. 1]. 

(b) Many animals of both sexes, 

(c) Nouns ending in ci, eit, feihaft, and 

uiin. 

(d) The names of most trees, except compounds 
with 'ihuim (m.) tree, which are always 
masculine [sceXIT.*.!]. 

(e) Inanimate objects ending in c. 

{/) Such words ending in in as are formed 
from the correlative masculine by the 
addition of this suffix which denotes the 
female gender. (Masculine nouns ending 
in c in this case drop this letter, and in 
some eases the stem vowel is modified.) 
T'ev .koniiV the king ; t'ic the 

queen ; fccr C^raf, the count ; tie (Mvafdn, 
the countess ; ber the lion ; tie 
the lioness ; bev Jpunb, the dog ; bie ^Minbdn, 
the bitch : ber gran^e'fe, the Frenchman, 
bte gcantcf'dtt, the Frenchwoman [Excep- 
tion: Ttx the German, bie $)cuff(^c 

1178 


r. KONODY and Dr, OSTEN 

(not bie T'cutfrfhn), (he (Jei man woman) ; bet 
tlie jicasant, tie S3au'crdu, the 
• peasant “Woman. 

(9) The names of a few countries, which are 
always used with the definite article 

Examples: (a) bic the daughter; 

bie vid)ircj'tcr, the sister. 

(6) bic VcidK, the lark ; bic Jpticinc, the hyena. 

(c) bic (Sd'mcid)clci', flattery : bte5vm't)cit ,libert 3 ’^ ; 
bie iyvcifiib|d>aft, friendship; bic (fvi'uncviuu 3 , 
remembrance; bic 8ddiid,'f the gorge, ravine. 

(d) bic C?ichc, the oak (but ber t^id^banm, the 

oak tree); bic the poplar; bic 1‘arcfjc, the 

larch ; bif 8i(^tc, the pine. 

(c) bic Tintc, the ink ; bic Olcfe, the rose ; bie 
(Slutc, the kindness, etc. Exception^^ ber .^dfe, 
the cheese ; b a 0 5lugc, the eye. 

(g) bic Xuvfcft Turkey; bic Switzer- 

land ; bic. f rim, the Crimea ; bic SWcl'oau, Moldavia ; 
bie 3Ba((ad>ci', Wallachia, and so on. 

Of Neuter Gender are; 

1. (a) All words which are not substantives, but 
are used substantively, and are therefore 
written with capitals. 



(6) Hie names of some countries and towns, 
which take the article taei when preceded 
by adjectives. 

(c) All diminutives ending in and dcin. 

[See VIL] 

(d) Most nouns ending in a^d dum. 

(c) Many metals. 

(/) The majority of collective nouns with the 
prefix 

Examples: (a) ba^Jian^cn (infinitive of a verb 
with a capital), the (act of) dancing ; ba^ (^rl^a'bcne, 
the sublime (adjective used substantively) j baei 
'lUci'fac^e, the manifold (indefinite numeral). 

(6) ba^ fo'niiigc ^fa'ficii, sunny Italy ; ba^ iie'belic^e 
(?iu]tanb, foggy England ; baei unevmc'jjlid)c iilonbcn, 
immense London; ba<J tcid)e rich 

Hamburg. 

(c) bail il3nVbfrd)m (diminutive of ber 33rubcr), 
SWiittcvlcin (dim in. of bic liDhittcr), ba^ 'BUi'mclcm 
or ba^i liBfuntd^cu (dimin. of bte ilMumc, the flower). 

id) bac* .^in'bcvniiS the obstacle ; bai^ ©d)icf'ud, the 
fate ; bai^ the sanctiiaiy. Excrptions : 

bie ,Ue'iuifnii\ (/.) the knowledge; bic rail i^fat (/.) 
the aflliotion, trouble; Dev ’JiciaMum (m.) wealth; 
and a few others. 

(e) ba»J (^ifen. iron ; bat^ 'IMci, lead ; bvW ^fliibfcr, 
copper ; ba^ 0ilbcv, silver. Exception: ber Sfabb 
steel. 

(/) ba0 (Mobir'^c, the mountain range ;ba<S 
the retinue ; bad the clouds, etc. But 

there are also many exc^epttons ; for instance : 
b i c Wcutciii'bc (/. ), the community ; ber (i^iefau^' ( w.)t 
the singing, song. 

2. (k)Mi*ouND Nottns take their gender from 

their last component — e. g,, ber (w.) 

the postman, [bic (/.)andbcr 'Bote (m.) 
messenger]; bic Brief taubc (/,) the carrier- 
pigeon, [b c r Brief (m.) letter, and b i c Xaiibc 
if’) pigeon, dove] ; b ad C^ar'tcnfcft (n.) the 
garden^ party, [ber (Marten (m.) and bad 
/Veil (n.) the festivity]. In some compound 
words an c or d is inserted for the sak'o of 
euphony. 

3. Compounds op Ad.tectives or Puepo- 
smoNS WITH Substantives generally take 
the gender of the substantive, but there 
are exceptions to this rule; for instance: 
bie IHu'mut (/.) the grace, [ber Slhit (m.) 
courage]; bie 'Sanftmiit (/.) gentleness, 
tenderneas [fan ft, gentle, and ber 3JJut] ; 
ber Vlb I'd'cn (r/i.) the aversion, [b i c ®d;eu (/.) 
hashfulneas] 

4. A few substantives have two genders which 
can be used indiscriminately ; for instance ; 
ber (m.) or bad (n.) aUe'ter (the metre), 
Sifer (litre), Xfjermome'tcr, Baroine'ter, ©center 
(sceptre); bic (/.) or bad (n.) Berberb'nid, 
corruption, depravity; bet or bie .&andflur, 
lobby, entrance hall ; ber or bad Un'^edtum, 
•impetuosity, and so on. 

6. The following substantives change their 
meaning with the gender : 
ber Banb (m) volume bad Banb (n) ribbon 
[of a l^ok] 


bft Baiter (m) p'^asant 

fp Bunb (m.) league 
pp (5bor (m.) choral- 
song, or chorus 

pp (Srbe (m.) heir 
bii (yrfenntnid (/) in- 
.sight 

ber (Mciiaft (m.) contents 
„ (Sfeijcl (?a.) hostage 
>f ^aft {in.) clasp 

pp '^‘ar^ (m.) Harz 
Mountains 
„ d>cibe (m.) heathen 
„ Jout (w.) hat 
„ .ftiefer (?a.) jaw 
,p di'iinbe (/a.) cus- 
tomer 

„ Sfitcr(m.) manager, 
guide 

bie Btarf (/. ) province, 
boundary, (jerin. 
coin 

bev aJleufd) (m.) man 

„ B?cifcv(w.) measurer 
„ flleid (m.) rice 
„ Sdnlb (m.) shield 

„ ^ee (m.) lake 
„ ^bveffe (m.) off- 
spring 

bie Stcuev, (/.) rate, 
tax 

ber 0fift (m.) pencil 

„ Teit (m.) part 
,, ;l()dr (m.) fool 
,, Berbienft (/a.) gain, 
profit, earnings 
bie SiBef)v (/.) defence 


QROUP 2f~QBRMAN 

bad Bauer (h) [bird-] 
cage 

„ Bunb (w.) bundle 
„ (?bcr (n.) locality in 
the church for the 
choir 

„ C?rbe(n.) inherit anco 
., (irfenutnid (n) judi- 
cial verdict 
„ (^)cba(t (w.) salary 
bie (^kigef (/.) scourgo 
„ .t»aft (/.) prison, 
custody 

bad.s>aY^(n-.) resin, gum 
of trees 

bic .'ocibc (/.) heath 
M -'>ut(/.)hccd, guard 
„ .Uicfev(/.) fir 
„ Miiute (/.) news 
intelligence 
„ Reiter (/.) ladder 

badBiaif (n.) marrow 


„ Bleufd) (n.) wench, 
hussy 

„ aileffir (n.) knife 
„ flffid(».) sprig, twig 
„ v^d)itb (n.) sign — 
board 

tie ^cc.(/.) sea 
„ 8vrc|Tc (/.) step of a 
ladder 

bad ^toiler (n.) helm, 
rudder 

„ n(n. ) monastery, 
chapter 

„ Tctl (n.) due, sharo 
„ !lor(n.)gato 
„ Berbicuft (n.) merit 

„ ®ct)v(n.) weir, dyko. 


Exercise. Insert llio missing articles, 
verb.s, and nouns. To avoid confusion, the 
German phraseology has been adopted for the 
English translation of Gorman sentences, so that 
each word is under its (German eipiivalent. 


Xante tebet mit Olicftte ; <$d)ivefler 

The aunt speaks to the niece ; the sister 

aJlabdiend iff fdnui ; i(^ Uebe .... (Vid)e, 

of the girl is pretty; I love the oak, 

. . . Bavbd, unb tfajlanieiuBaum ; . . . .f:>ofliitfeit 

the poplar, and the chestnut (-tree) ; the civility 

(fuftldiiberd i|l befaniit ; . . . (Vrinneruiifl id 

of the Englishman is known ; remembrance is 
. . . B^iifdtin (see VII. b and XII. 2) . . . Bcv\vii^fn(;eit ; 
the touchstone of the past; 

.... 'BUefc n?ac c\nm unb .... ''^cibc bvaun ; 
the meadow was green and the heath brown ; 

Udfe ifl frifeb. 

the cheese is fresh. 

.... Surfl fc^ireibt; .... h'bte . . . . 

the prince writes ; the princess praised the 

.ftinbev; .... Baron iinb fommen beiite; 

children ; the baron and the baroness come today. 

To be continued 
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GROUP 22-DRESS AND HOUSEKEEPING • THE WOMAN AT HOME-CHAPTER 9 


Choosing Material. Style, Measurements, and Tools. 

The Drafting. Stitches. Stretching and Shrinking. 

TAILORING FOR MEN 


T here are at least three distinct courses of 
study that have to be taken up by the 
young man who aspires to i)e a thoroughly 
quaJilicd master tailor. He recpiircs a know- 
ledge of the practical or sewing part, the 
scientilic or cutting part, and the commercial 
or business part. 

Some little difference of opinion exists as to 
what is the proper order in which to take these. 
The old methocl was to serve a long apprentice- 
ship to the sewing, then take lessons in cutting, 
and leave the business side to be picked up by 
actual experience — a plan which often led to the 
Bankruptcy Court, despite considerable tech- 
nical ability. The more modern plan is to enter 
an academic course at some siu^li institut ion as 
the ‘‘ Tailor and Cutter ” Academy, and there 
take lessons in all three sections simultaneously. 

Assuming the (uistomer has presented himself, 
the first step is to take the order, and here the 
skill of the tailor begins. 

Selecting the Material. The 
material should be in harmony with 
the requirements of the customer, bear- 
ing in mind his occupation, form, and 
complexion. For woar-resi sting pur- 
poses, cheviots, tweeds, and serges may 
bo recommended ; for dress garments, 
thinner, softer, and finer finished cloths 
are best. For business and professional 
wear, black coats and vests, and neat, 
striped trousers are generally most 
suitable. Frtr farmers, builders, etc., 
neat drab tweeds of rather a heavy 
make, and not too rougli, are the most 
appropriate. 

For sportsmen, Harris tweeds and 
checked cheviots are very popular, and 
make up into stylish garments. Stout 
men should be dressed in dark colours, and 
plain or vc'ry small-pattcnicd cloths. Checked 
cloths make men appear wider without in- 
creasing the appearance of height in proportion; 
and if checks are woven irregularly, as is some- 
times the case, they give a lofisided effect which 
is anything but attractive. Stripes, whether in 
the pattern of the material, or produced by 
seams, stitchings, braidings, etc., add to the 
length or width of the figure in the direction 
in w'hich they nin. 

Dark complexions are best suited by those 
shades in which reds and yellows play an im- 
portant part — as, for instance, rusiset brown, 
drab, etc. Fair people arc best suited by blues, 
and those shades in which blue plays an impor- 
tant part. 

Sell your customer material adapted to his 
requirements on theiie lines, and then proceed to 
get particulars of stylo. 


The Style. This includes the shape of the 
garment and its general finish, and here the 
tailor will receive great assistance from fashion 
plates. 

Do not attempt to put a man with old-fash- 
ioned ideas into the latest cut ; discretion, tact, 
and judgment must he exercised, or the result 
will be bad. Find out what your customer 
wants, and then advise him judiciously; and 
liaving determined the style, carefully book the 
details of his order as it reflates to pockets, time 
for trying on, finish, price, etc., together with the 
number of the material, and then proceed to take 
the measures, beginning with the trousers. 

Measurements. A to B, full length 
of side, say, 44 ; C to D, full length of leg, 
say, 32 ; E to F, circumference of waist, say, 
.30 ; 0 to H, circumference of hips or seat, 
say, 3(> ; I, size of knee required, say, 18 ; 
.1, size of bottom required, say, 17 [1]. 

Tt is seldom wise to give loss than 
12 in. extra length to the side than the 
log. Avoid taking the waist measure 
t ightly. Take the size of seat in harmony 
with your customer's idea of fit. 

Cutting Tools. We now take our 
cutting tools — viz., inch tape, square, 
chalk, shears, and, if possible, a trouser 
stick. Tak(^ the cloth from which the 
garment has to be cut, notice if there is 
a way of the wool, and if so arrange for 
the pile to run down. If there is a string 
in the selvedge, it indicates a flaw in the 
cloth which must be avoided in the 
cutting. [This point will b? dealt with 
more fully later.] The cloth is cut 
double, and in order to cut for the 
right and left sidt‘s this is arranged face 
to face. As a rule, trousers are drafted 
direct on the cloth in this way: 

The Drafting. 1 — 2, the selvedge, edge 
of cloth ; 1 to 2, the length of side — 44 ; 2 to 3, 
the length of leg — 32 ; 3 to 4, one-sixth seat — 
6 ; 2 (o 9, one-fourth bottom — 4] [2], 

Draw line from 9 to 4, and by it square across 
to 3. Square by line 4 to 9 across to C ; 4 to 5, 
one-twelfth seat ~ 3 ; 4 to 6, ono-sixth seat 
plus I — 6J. Square up from 5 by lino 5 to 3 
(which is at right angles to line 4-9). Square 
across from 7 to 1 ; 13 is one-sixth seat plus 4 in. 
up from 5 — 10 ; 13 to 14 one-fourth waist plus 
J in. — 8 in. 

Spring out a little above 14, and round out to 
side line about 3 or 4 in. up from 3 ; 4 to 8, half 
leg length less 2 in. — 14 ; 8 to 10 and 8 to 1 1 are 
each ono-fourth knee — 4i ; 9 to 12, one-fourth 
bottom, less J in. 

Complete outline of top sides as shown. 
Hollow over the fronts about J in. , for a 17 



1. MEASURE- 
MENTS 


DRESSMAKING, MILLINERY, TAILORING, DOMESTIC MANAGEMENT, COOKERY, LAUNDRY 
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needle close up to the end, and then bring the 
twist up and cast it over the needle from left to 
right, and draw the needle up at such an angle 
as will raise th(' “ purl ” the desired amount. 
The stitches in a buttonhole should bo regular 
^)Oth in depth and width, and the hand should 
always be drawn up at the same angle so as to 
retain regularity of “ purl.” The stitches at the 
eye may be a little closer together, and the 
“ purl ” brought a little higher than the other 
parts. The end of the hole is finished with 
three over-and over stitches and three “ purl ” 


the top sides and the thighs of the under sides. 
The principle is the same wherever it is used. 
Fold the cloth over at the part to be shrunk, w’^et 
it, and then bring it round so that the cloth 
forms puckers. Then apply a sharp iron, and 
work it round as shown by the arrows on 12 until 
the form desired has l)een imparted. The under 
part shrink? most, and to get both sides alike it 
should be turned over and the operation repeated. 

The Making. First mark up the in- 
lays wuth marking threads, then shrink the 
bottoms — some tailors do this before they are 


stitches just over 
these ; they are 
then drawn to- 
gether and 
pressed, the edges 
being bitten up 
to make, a good 
finish [9]. 

Machine Sew- 
INO. Of the 
various kinds of 
stitches made by 
sewing machines, 
the lock stitch 
alone needs com- 
m o n t . T h e 
machine stitch is 
made by tlu^ 
twusting or in- 
U^locking of two 
threads, and 
great care is 
necessary in the 
adjustment of 
the tensions of 
the two threads 
to ensure getting 
the machine 
stitch at its best. 
It is illustrated 
in 10. C is the 
needle, with eye 
near the end, 
carrying a thread 
A. Bis tile double 
thickness of cloth 
to be soaiiK'd, 
T) is the nose of 
the shuttle with 
thread corning 
out of the top at 
E, F show^s the 



4—14. DETAILS OF TROUSER- MAKING 


seamed, others do 
it at a later stage. 
Put in the stays 
for the pocket in 
top side, and 
stitch the mouth 
about 6 in. deep, 
l^jt a piece of 
linen on the fork 
of top side [13]. 
Now ha.st(^ the 
seams, keeping 
the balance marks 
together ; seam 
them together 
either by hand 
or machine, hut 
always scam five 
or six inches down 
from the fop of 
leg by hand ; press 
open the seams 
and put linen 
stays on for the 
pockets at B, at 
the back of the 
facings that have 
been sewn on at 
that part. Put 
canvas round the 
top, as at A, 
seam on the 
button -catch on 
the right side to 
wuthih 2 in. of 
the fork, ai^d put 
linen dowm the 
back of this to 
take the buttons. 

Now make up 
the fly, and line 
the front at that 


last completed stitch, the tensions being arranged 
so os to cross exactly in the centre of the Wo 
layers, thus ensuring the most possible elasticity. 
In 11 we show how the stitch is formed wdich the 
lower tension is tight or the top much too loose, 
the result being that the least strain snaps the 
thread, and the stitches go. A good stitch 
appears the same on both sides. 

Stretching and Shrinking. The peculiar 
formation of the wool fibre enables the tailor 
to strjtch or shrink different parts of the cloth 
by the use of moisture and a hot iron. This is 
employed in various parts of garments, hut in 
trousers it is principally used at the l)ottom of 


part of the left top side with silesia. Work five 
buttonholes as marked in 14. Baste up the 
fly. make up and put on the pockets, having 
tacked the top and bottom. The pocket is 
felled to the facings of the top side,^nd to the 
linen and facing of the under side. Stitch on 
the fly and continue the stitching round the tops. 
Bind the tops, press them, and sew on the buttons. 
Close the seat seam and tack the fly with some 
neatly “ pricked ” stitches. Press the seams, put 
on the waistband and crutch linings, and then 
turn up the bottoms, making the length of leg 
to measure. The trousers are now ready. 

W. D. F. VINCENT 
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GROUP 23-METALS & MINERALS AND THEIR MANUFAQURES-CHAPTER 9 


Recovering and Refining Gold and Silver. 

Snmpling and Assaying. The Work of the Mint. 

THE PRECIOUS METALS 

I N this chapter there is oiitlinedthe production of brought into solution. The metal is obtained 

the precious metals in the conditions in which from mercury alloys by distillation ; from lead or 
thoy a-re used in coinage and the industries, lead-silver alloys by cupellation ; from silver or 

with their application therein. The methods of silver-copper alloys by solution in acid ; and 

extracting the important precious metals, gold, from weak cyanide or chloride solutions by 
silver, and platinum, are also dealt with in precipitation with ferrous sulphate, charcoal, or 
the course on MiNrN(}. ziiu^ or by electrolysis. 

Gold. Gold has a yellow colour, its lustre , Siemens-Halsl^. electrolytic method is now' 
is proverbial, and it exceeds all other metals in employed. The double cyanide solution 

malleability and ductility. Its tenacity is olertrolysed in iron tanks between Icail 
moderately high, but is' diminished by the cathorles and iron anorlen, amt the gold recovered 

presence of leail, tin. antimony, and some other ^he cathodes by cupellation. 

metals, while copper and silver increases it. Its '» obtainetl from its ores by means of 

specific gravity is ll»-32, and its melting point (amalgamation processes), by means of 

1000° C. Its conductivity stands next to that of , processes), and by various wet 

silver and copper. It is not acted upon by the niethods (solution processes), 
atmosphere, by hydrochloric, sulphuric, or nitric Amalgamation. Amalgamation, the corn- 
acids, or by sulphur compounds. It is soluble in bination of gold or silver with mercury, is the 

chlorine, aqua-regia, and jiotassium cyanide.’ cheapest, simplest and mo.st generally used method 

Gold is found in the metallic or native state, of extracting these metals. It is' the basis of 

generally alloyed with other metals, and in hydraulic gold mining, and of the stamp-battery 

combination with tellurium. Native gold usually process. In Mexico the old processes of crushing 

contains silver, and sometimes copper, iron, and amalgamating gold ami silver ores in 

bismuth, platinum, palbwlium. or rhodium. arrastroA (revolving stamp-mills driven by mules) 

The ores of gold differ conspicuously from and heaps (jwho process) are still carrierl on, but 

those of all other metals in the extremely small electricity is gradually displacing mules, 

proportion of the metal sought to the amount of The ore is first convcrtixl into chloride by 
valueless material, or '* gangue,” accompanying means of a copper salt and common sidt, then 

it. Practically all gold deposits now worked decomposed by mercury, with which it unites to 
contain not more than from one part of gold in form an amalgam. The mercury is afterwards 
from 70,000 to 100,000 parts. driven off by heat, leaving the silver jnirc. The 

Silver. The properties that make silver so processes arc lengthy and wasteful of mercury, 

valuable are its i)ure white colour, its softne.ss, but they e.xtract a grealer i)rceentage of metal 

sonorousness, extreme malleability, ductility, than any oilier known procc.ss. 

tenacity, and toughness. It exceeds all other The amalgamation method is now conducted 
metals in its conductivity for electricity. It by means of stamp batteries and amalgamating 

melts at 960° C., and has a specific gravity of iron pans. The ore is crushed by stamps, water 

lO-ra. It does not oxidise in air, although it being admitted. The ore mud is transferred to 

mechanically absorbs oxygen when melted, and settling i>its, and then carricil to the amalgamat- 
givM it out again on cooling. It readily unites ing pans. The pans are of various typos, and 

with^hlphur, forming a blue crystalline sulphide. consist of on iron box about 4 ft. in diameter and 

With chlorine, bromine, and ioilino it unites, 2 ft. high. A central cone supports a revolving 
forming important compounds. It is soluble in shaft with arms, from which are suspended 
nitric and sulphuric acids. grinding mullers, w'hich press the ore to a pulp. 

Silver occurs, both free (mixed with gold. Mercury is then added, and the rotation con- 

mercury, or copper) and in combinations which linuerl until the silver is amalgamated. The 

differ so considerably that the metallurgy of amalgam is then removed, washed, dried, strained, 

the metal is very complex. Silver is also a valu- and the mercury distilled off in retorts. In ores 

able constituent of galena, zinc-blende, most of containingmuch base metal a preliminary roasting 

the pyrites, and of some copper ores, though the in a furnace is necessary, with Iho addition of 

percentage is very small (up to 1 per cent, common salt to form silver chloride. In this case 

compared with from 60 per cent, to 87 percent, the ore is dry crushed, and larger pans are used 

in the case of the ores). for amalgamating. 

Extraction Processes. Gold may be Lead Methods of Recovering Sijver. 

extracted from its ores either by simple washing Lead methods are based on the reducing action of 

(in the case of native gold) or by metallurgical load on gold and silver, with the solution of these 

processes, when it is amalgamated with mercury, metals in metallic loail. As complex ores are 

or alloyed with lead, silver, or copper, or is treated in this way, the products are also complex. 

EMBRAMTIRON & StlEC PETROLEUM, GAS, GOLD 

1183 



QUOUP 28-MKrAL8 • 

The principal metals obtaine<l are gold, silver, 
copper, and lead. The ore is first roasted iii a 
reverberatory furnace to remove sulpliur, arsenic, 
and other volatile substances, and then smelted 
in a blast furnace. The cliarge consists of roasted 
ores, pyritic ores, various residues, and slags. 
The products may be letwl (containing’ gold 
and silver), regiilus (containing lead, copper, 
iron, and sulphur) and slag. The last is either 
used again if it contain sufficient metal, or, if 
not, it is thrown away. The fume from the 
furnace is also condensed for the recovery of lead. 
1'he Icatl containing gold and silver is first sub- 
mitted to the Tattison process for concentration 
of silver, and afterwards cupelled for the recovery 
of gold and silver. The rcgulus is roasted, and 
added to another charge in the blast furnace to 
remove its contained silver and gold. The 
second rcgulus may he treated for copper. The 
gold and silver arc separated by the parting 
process suksequently described. 

Wet methods of extracting silver are based on 
the principle of converting compounds of silver 
into a soluble form, and then precipitating the 
silver by means of a base metal or a compound. 
The three priruapal methods employed are 
Augustin’s, Ziervogers, and Von Patera’s. 

The Augustin Process. The Augustin 
j)rocoss is used for argentifcroiis rcgulus and 
residues, uliich are first roasted in air to remove 
sulphur, then with common salt, to form chloride. 
The next stage consists of lixiviating the resisted 
ore in wooden vats with a strong, hot solution of 
common salt, vvhich dissolves the silver chloride. 
The solution is run off and the silver precipitated 
by moans of copper. 

The Ziervogel Process. The Ziervogel 
process consists of roasting sulphur compounds 
containing silver at a moderate temperature to 
form silver sulphate, whicli is soluble in water. 
1’he roasted mass is removed, cooled and 
lixiviated with water, and the silver precipitated 
by copper. If sufficient sulphur be not present, 
then pyrites are added. If the temperature he 
too low, then the sulidiate is only jiartially 
formed ; if too high, the silver sulphate is 
decomposed again to metallic silver. The 
success of the }>rocess depends on the proper 
temperature of roasting. 

The Von Patera Process. The Von 

Patera method is used for cldoridc ores, which 
arc roasted with salt, and lixiviated with sodium 
thio-sulf)hate. The silver is precipitated by 
sodium sulphide, and the silver suli)hidc decom- 
posed by heatu This method lias received 
extended application by the use of double 
tJiio-suJphates, known as tin? Jius/zell process. 
In the Von Patera process, any lead sidphatc 
that is present dissolves in the thio-sulphato 
solution, and is precipitated, along with the 
silver, as sulphide. 

In the Russell process the lead is precipi- 
tated by means of sodium carbonate. More- 
over, it was found that by using a double 
thio-sulphatc of sodium and copper, a more 
energetic decomposing and dissolving action 
on metallic silver* silver sulphide* and the com- 

im 


binations of silver with arsenic and antimony 
took place. Hence, if the roasted ore is first 
treated with sodium thio-sulphato to dissolve 
the silver chloride, and ih© residues subsequently 
treated with copper thio-sulphate solution, 
much more silver is extracted than by the older 
(Von Patera) method. 

Recovering Gold. Gold quartz is very 
hard and compact, and contains the gold in 
veins. The ore is first cnished by rock breakers, 
and then reduced to a fine powder by the stamp 
battery, the mortar of which is lined with 
amalgaTnated cop]>er plaU^s for taking up the 
gold. The residual matter is often treated in 
amalgamating pans. 

A stamp battery generally consists of five 
stamps working in one mortar, wdiich is made 
of an iron casting about fiv^e feet long. The feed 
opening is on one side of the mortar, and on 
the other is a fine screen of w^iro cloth through 
which the discharge takes place. The drop of 
the stamp vari(^s from 4 to 18 in., with about 
ItK) hiow's ])er minute. In front of the screc'n 
are inclined tables covered with amalgamated 
plates to catoli the gold which has not been 
collected on the plates inside the mortar. The 
material escaping these plates is concentrated 
by some kind of shaking machine wdiieh separates 
tht‘ lighter from the heavier ))artieles vvhich 
contain some gold. These concentrates are 
amalgamat(‘d in iron grinding pans. The gold 
amalgam is retorted to volatilise the nu^rcairy 
and retain the gold. 

The Chlorine Process. The chlorine 
process of extract ing gold consists of (1) roasting 
the ore to remove*, sulphur and base metals ; (2) 
moistening with w^atcr and passing a current of 
chlorine through it in a wooden vat, having a 
perforated bottom, which acts as a filter, and 
through which th(5 gold solution percolates ; (3) 
running off the solution and precipitating the 
gold by iron sulphate or other suitable reagent. 
Ores and residues arc usually concentrated before 
being submitted to the chlorination process. 
Compressed chlorine is also used and is very 
effective, but more cx})ensive. The operation is 
conducted in revolving barrels lined with lead. 

The cyanide process of extracting gold was 
introduced by McArthur and Foirest, in 1887. 
'^rho ore is first crushed in rock breakers, then in 
rolls or stamp batteries, then placed in vats to 
which a 1 per cent, solution of potassium cyanide 
is added, which dissolves the free gold. The 
solution is then removed, and the gold pre- 
cij)itated by mc*ans of zinc. 

Gold is extracted by smelting processes from 
rich copper rcgulus. The regulus is partially 
roasted, and then the oxide and sulphide react 
on each other, reducing the copper Ihid gold, 
forming an alloy. The copper is deposited by 
the electrolytic method, when the gold is left, 
and is aftenvards melted with lead and separated 
by cupellation. 

Purification and Filtration. In stamp- 
battery amalgamation the amalgam settles in 
the comers ot the mortars, or on amalgamated 
copper plates on tho inner sides of the mortar. 



The pulp escaping from the miH is made to flow 
over amalgamated copper plates to catch any 
free gold or amalgam passing over. The 
amalgam is removed from the plates hy means of 
blunt knives followed by scraping with pieces 
of hard rubber. 

Ihe amalgam removed from the outside 
plates in a battery is usually clean and stiff 
enough to bo retorted w’ithout any further 
treatment. But gold amalgam obtained from 
the inside of the mortar, and from the treatment 
of concentrates, frequently contains sand, pyrites, 
and other impurities, from which it must bo 
cleansed, while the gold amalgam produced in 
hydraulic operations, and all silver amalgams, 
contain excess of mercury. 


GROUP 23— METALS 

Excess of mercury is separated from the 
amalgam by filtration through a conical canvas 
or chamois leather filter- bag [1], supported on 
an iron stand, and holding about 12 cwt. of 
amalgam. The weight of the amalgam is 
sufficient to force the greater portion of the 
mercury through tht^ bag. If, as is sometimes 
done, air pressure is applied, more mercury is 
tixpressed, but it is richer in gold or silver. 
Hand-squeezing of the filter- bag by twisting 
it in water contained in a mercury pan is still 
considerably em ployed . 

The solid amalgam removed from the filters 
may contain from 20 p(T cent, to 22 per cent, of 
silver, or about 40 per cent, of gold, in the ease 
of single metal amalgams, and from 30 per cent. 



In small mills the cleansing is done by hand- 
grinding the amalgam in a mortar with water 
until it is reduced to a thin liquid, a scum being 
obtained, which is skimmed off and reground 
^th more mercury. In large mills mechanical 
cloan-ffp pans are used. The Knox and Berdan 
pans arc the two commonly used pans. The 
Knox is similar to the silver amalgamating pan, 
and acts on the principle of agitating the dirty 
amalgam with water, so that the impurities 
form a scum on the surface. In the Berdan pan, 
the pan, inclined at an angle, itself revolves, 
and impurities are washed over the lower edge 
by a jet of water, grinding being effected by a 
freely moving ball 


to 45 per cent, of gold and silver, whore, as is 
usual, both metals are presiuit. 

Retorting. Cold and siIv(M* are recovered 
from the amalgam by distillation. Two kinds 
of retort are used for this purpose — the pot- 
shaped [2], much used in America, and the 
horizontal cylinder [3J. The pasty amalgam 
is kneaded into balls or cakt>s. In the horizontal 
retort the balls of amalgam are separated by 
iron divisions or by the ash of notepapor. 

Adherence of gold or silver to the sides of the 
retort is prevented hy a layer of chalk or whiting, 
or by the ash of sheets of paper. The mercury 
is condensed in the usual manner by water-cooled 
tubes. The metal obtained is spongy and porous 
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and varies from 500 to 050 fine in goid, the remainder 
being silver and the bnso metals. It is molted down 
with (luxes, cast into bars, and then Injcomcs 
“ bullion ” ready to be refined. This is usually 
the termination of the mine works operations, and 
the bullion is sold to relinors for further treatment. 

Preliminary Refining. Clold and silver 
alloy in all proportions so that practically all 
bullion contains both, and refining operations are 
cofuliicted with a view to their ultimate separation, 
which is cfTected by “ parting.” 

Base metals and other impurities are partly 
removed by a rough refining process at a 
preliminary melting of the bul ion, nut the extent 
of it is limited by the fact that the molUm oxides 
formed rapidly corrode the crucibles. The cruci- 
bles used are of clay or gra])hitc. The crucible is 
first raised to a red heat, a spoonful or two of 
borax is thrown in as a flux, and the bullion i-i then fed 
in by means of a hand shoot. If the bullion is of 
high purity only a very little sodium carbonate or 
nitre is added and the resulting slag is ])oufed off 
with the metal. 

But if it 1)0 base, partial refinement is effected 
by adding more borax and nitre, and also bone ash 
to absorb the oxides formed. If much lead is 
present, sal ammoniac is added at intervals alternate 
with nitre. Antimony or arsenic are removt'd as 
iron salts by stirring with an iron bar, and using but 
little nitre. 

One hundred years ago it was proved that when 
bismuth, load, antimony, or arsenic arc present 
in gold in proportions as small as ,7.^77 the gold 
is brittle and unfit for coinage. 'Phe further treat- 
ment thus sometimes necessary is (‘ailed toughen- 
ing, and is cff(?rted by converting (he (jontaminants 
into their volatile chlorides, either by sprinkling 
ammonium and mercuric chlorides on the melt, 
or by forcing chlorine gas through it (Miller’s 
process). The Mint chemist recommends the use 
of oxygen for to\jghening. 

I’ho charge is then rend(T(id homogeneous by 
stirring with a red-hot annealed gra])hite bar. 
In the bottom of the ingot mould is placed a little 
non-volatile oil, wdiioh burns on the top of the gold 
and prevents tarnishing. 

Electrolytic Refining. In electrolytic 
refining of copper and silver by the appropriate 
])rocesses practically all the silver and gold, or the 
gold alone, are left in the anode slime, from which 
they arc readily recovered. Cold, however, cannot 
1)0 electrically separated from a cyanide solution 
containing silver, copper, cte., because these metals 
are co-deposited therefrom ; b\it an electrolytic 
method devised by Wohlwill lias been sueccssfully 
used in Germany. The electrolyte is a hot arid 
solution of gold cliloride, and a smooth deposit of 
gold, assaying over 99 9 ])er cent, pure, is obtained. 
All the foreign metals of the anode pass into solution, 
except those of the iridium group, which remain 
unattacked, and silver, which forms its chloride ; 
platinum and palladium necurnulate in the bath, 
})cing removed at long intervals by precipitation. 
The process is thus particularly appropriate to goW 
alloys of platinum. 

Sliver, over 99*9 per cent, pure, is el(*ctrolytically 
obtained by Moebius’s process from cast crude 
anodes of dore silver in a half ]>er cent, bath of 
silver nitrate made slightly acid. The cathode is 
an endless revolving band of thin rolled silver 
upon which the metal is deposited in a pulverent 
and non -coherent condition, and automatically 
removed by contact at one end with a moving 
belt. The gold is recovered from the anode slime. 
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Refining by Cupellatioii. ' As etplained 
above, the rough refining operations includ(Hi 
in the melting of the metal before casting are 
limited in extent, and bullion containing considerable 
quantities of contaminating metallic oxides must 
be treated to “ cupellation,” a process of great 
antiquity, by means of which pure gold or, more 
frequently, a pure alloy of silver and gold, is ob- 
tained. It is also the principal refining operation 
appHed to the product of the lead-alloying gold 
or silver extraction process. Its principle consists 
in the fact that molten lead monoxide (litharge) 
dissolves any metallic oxide which maybe in contact 
with it. The separation of the litharge solution of 
oxides, thus obtained, from the pure noble metals 
which do not oxidise is effected by taking advantage 
of the property of bone ash of absorbing molten 
litharge, including its solutes, while remaining 
impermeable to the unoxidised metals. In practice 
this is achieved by making a shallow ves.sel of com- 
pressed bone ash, called a “cupel,” from well-burnt, 
sifted ashes of sheo]) or horse bones mixed with a 
small proportion of fern or pearl ashes, and mois- 
tened sufficiently to bind on pressure. An oval 
vessel f4] of from 4 ft. to 5 ft. long, and 2} ft. to 3 ft. 
wide, with a depth of about 2} in., may be used in 
large operations, with walls of from 2 in. to 3 in. thi: k, 
one end being made 1 2 in. or 13 in. thick. Frequently 
the bed of a n'verbcratory furnace itself is used, a 
layer of bone ash, or, more frequently in largo 
works, a mixture of crushed limestone and clay, 
being placed then'on. The cupel is placed in a 
reverberatory furnace, and, when rcd-liot, molten 
bidlion and lead are Iadlc‘d in. The cu]>ol soon 
becomes saturated with the litharge oxide solii- 
fioii which flows to the side, and an air-blast 
is then turned on to force the litharge towards 
the thickened end of fh(^ cu])el, aeross the surface 
of which a channel is cut. The litharge runs over 
info an iron pot, more molten lofwl or lead alloy 
being added ns litharge is removed. In this way six 
or more tons of lead alloy may be refined in one 
cupel. Only traces of (he precious metal arc carried 
into the bone ash by the litharge. 

Although gold is not accounted volatile, volatilisa- 
tion losses in cupcllation may amount to 0*5 perc<?nt. 
They are diminished by the presence of silver, and 
increased by copper. The cupels used are re- 
po^vdered and gold and silver recovered. 

Parting. The final operation of separating 
the silver and gold is known as “ parting.” The old 
process of parting with nitric acid was known as 
“ quartation ” or “ inquartation,” because tho alloy 
refined was made up to 3 parts of silver and 1 of goM. 
It is still the process used in assaying and is described 
in that connection : but it is not otherwise used on 
account of the cost of the acid. 

Sulphuric acid is now generally employed in 
large refining operations. Copper and silver are 
converted into their sulphates by hot concen- 
trated sulphuric acid, while gold is unattacked. 
In this process the gold (and copper, if any) 
present must not exceed one-fifth of tno total alloy ; 
80 to 95 per cent, of silver being required, and 
these proportions are made up, if necessary, by 
adding silver before cupellation or melting. 

The alloy is granulated and boiled with con- 
centrated sulphuric acid in a platinum, white pig- 
iron [5], or clay-coatod porcelain vessel. When 
action ceases, a little weaker acid is added and the 
alloy again boiled. The liquid containing sulphates 
is then decanted off, and the gold (which piay again 
be treated with acid) washed, melted, and oast into 
ingots. The gold thus obtained is 997 to 998 fine. 
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The acid sulphates liquor is poured 
into a leaden vat containing water 
and copper turnings, and heated. 

Cupric sulphate is formed, and the 
precipitated silver is collected, re- 
peatedly washed, and cast into ingots. 

The sale of the by-products (copper 
sulphate nnd acid) more than covers 
the cost of the copper used. At San 
Francisco green vitr’ol (ferrous sul- 
phate) is used for reducing the silver 
Ruly)hate. It is also reduced by 
means of sheet copper. 

The process of parting gold and 
silver by converting the latter into 
its chloride, suggested by F. B. 

Miller and largely employed in the 
Australian mints, is referred to above. 

The bullion refined by this method 
contains originally from 3iier cent, to 
12 per cent, of silver; after refining 
it is 994 fine. Australian gold is 
more or less brittle and the ])roccss is 
valuable for its toughening effects, as 
well as for its applieability to alloys 
containing but a small proportion of 
silver. 

Platinum. Platinum is a lus- 
trous, greyish -white, malleable, due 
tile metal, which is neither attacked 
by air nor acted upon by acids 
(except aqtia rf'ffUi). It therefore has 
elaims to be included as a noble 
metal, and as its market value (al:o’:t 
£S 15s. per oz.) is higher than that of 
gold, it is also a precious metal. At 
a red heat it may bo welded, but 
cannot be melted by a lomperatiire 
less than that of the oxyhydrogen 
Hame. It is oxidised by fused eaustie 
alkalies, and is also attacked at high 
temperature by cyanides. Platinum 
and iridium wen* not known in 
ancient times. Platinum isextenHively 
used in high-class jewellery. Cold and 
other platinum alloys are used in 
mechanical dentistry. 

Platinum ore contains what are 
known as the platinum metals — ruthenium, o.smjum, 
rhodium, iridium, i)alladinm and platinum — in the 
metallic state, 'riie most im| ortant .'‘ourrei are the 
western slopes of the llrals nnd tlie .Altai Moun- 
tains. It is also found in alluvial deposits and 
sands, chiefly in Brazil, Borneo. Fraser River (B.C.b 
California, and Australia. It consists of from 90 
f)cr cent, to 80 per (a*nt. of platinum. Osmiridium, 
a 30 per cent, to 40 per cent, osmium alloy, which 
is fre(|nently found with it, is referred to below. 

Platinum is separated from osmiridium by diges- 
tioii wdth 'ff^ua re^ii^ and from this solution it is 
preeipitalod by tulding sal nminoniac. The pre- 
cipitate is heated, treated with sal amnion iic 
to remove palladium and rhodium, and the resulting 
precipitate converted, by heating, into s])ongy 
platinum. 

Osmiridium, frequently present in Californian and 
Canadian gold, is usually not detected until after 
parting, when it is seen in bar gold as syieeks or 
clots distributed through the metal. It is removed 
b;jr re-fusing the gold, when it settle.s and forms what 
is known as a “ bottom,” which is cut off and 
repeatedly re-melted with silver. The bottoms are 
cut off each time, gold being replaced by the silver. 
It is finally separated by parting with aqjia regia, 


when it is obtained <is a black powder, which is sold 
for fountain-])en |)oints at from 8s. to 20s. ])or oz. 

Assaying. The assay of the ores and bullion 
of gold is conducted in the dry way, but silver 
bullion is also assayed in the wet way. The same 
dry methods apply to gold and to silver ores, 
since the metals arc very rarely found separate. 
The principle of the assay is very simple, out its 
details vary gr(*ntly with the nature of the ores. 

In the wot, or volumetric, process for silver 
assay the alloy is dissolved in nitric acid, and the 
silver estimated by the amount of a standard solu- 
tion of rommon salt required eoinpletely (o pre- 
ei])itate the silver nitrate as chloride. 

Assaying weights arc a law unto th(*niselvos. 
No Hcienfi ie work is now done w'ith the cumbrous 
Knglish system of weights, but the custom still 
survives of expressing assay results in troy ounces 
per long English ton of 2,240 lb. avoirduiK)is, or 
short American ton of 2,000 lb. The metric sysb'in 
is rendered available by using u special weight 
called an “assay- ton” (A.T.) which bears to the 
ton the same proportion as the milligramme does to 
the ounce troy, so that cacih milligramme found in a 
sam^ile represents 1 oz. per ton of ore. For the long 
ton the A.T. equals 32,006 milligrammes. 
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Sampling. The value of the sample of ore, or 
other material taken for assay, must approach 
as nearly as possible the true average value of the 
whole of the mine or material reported on. However 
great the accuracy of the assay, the result may be 
entirely negatived by careless or false sampling. 

Sampling gold ores is a particularly delicate 
matter. In a tinely-powdered ore containing 6 dwt. 
to the ton (a freriuent proportion) a 1 milligramme 

particle of gold, about equal to the size of a full- 
stop, would possibly bo accompanied by 160,000 
similar sized particles of other substances. To get a 
('orrect sample of reasonable size of such a powder 
as this it is necessary to ])Owder the ore more finely. 

A true average s:im])le is obtained in practice by 
automatic means. Sampling machines act either 
on the principle of continuously diverting a portion 
of a falling stream of broken ore or by diverting 
the entire ore stn^ara at regular intervals. 

By this means a ton sam])lo of ore, broken to the 
size of coffee-beans, will be reduced to about 20 lb., 
ami is then ready for further treatment in the 
as^ayer’s office. There it is reduced in an iron mortar 
and a bucking-plate [6] till it will pass through a 
sieve with KO niodics to the inf-h. ’Jhcii it is well 
mixed and spread in a henj», which is carefully divide 1 
into quarters, one quartiT being taken and again 
qUvartered until a sample of the required weight is 
obtained. If “ imdallics ” — -tha t is, pieces of gold of 
appreciable size — ocMuir in the sanqde, they must 
be coneentrated in a small portion by sifting, and 
assayed separately. 

Bullion is sam])led by dipping from the melt, by 
drilling holes in ingots and taking the turnings, or by 
removing pieces from opposite ends of the ingots. 

Crucible and Scorification Assays, 

Fusion of the ore sample in the clay crucible with 
from once to twice its weight of a flux containing, 
typically, litharge, sodium bicarbonate, borax, and 
flour is adopted for ores of low gold value and for 
certain silver ores. The mixture is heated in a 
muffle or crucible-furnace until the charge is per- 
fectly liquid, when it is poured into a mould. The 
slag containing the impurities is removed from the 
resulting lead button in which (he silver and gold arc 
concentrated, and the button is cu|Mdled, 

Sooritieation — that is, the eoiiversioii of silica and 
other gangue constituents into scoria — differs from 
eupellation only in the fact that the litharge pro- 
duce 1 is not absorbed by the vessel in which the 
operation is eoiidueted, but forms a glassy slag. 
The aoorifier [7] is a shallow dish of burnwl clay 
in which the ore sample, mixed wdlh granulated lead 
and a little borax, is heated in a closed muffle 
furnace. When the lead is oxidised it dissolves the 
non-metallic and oxidisable constituents, flowing 
to the side of the seoriflor as a slag, while the gold 
and silver alloy with a part of the lead which 
remains in metallic state. A glassy, brittle slag is 
obtained, whieh separates elcanly' from the lead 
button, leaving it ready for eu]>eliation. 

Bullion Assay. If the composition of the 
alloy is entirely unknown, a preliminary assay is 
nuuio to ascertain approximately the proportion of 
gold and silver, since (1) upon them depends the 
amount of lead used in cui)ellation, and (2) the final 
“ parting ” demands a definite ratio of silver with 
gold. Experienced assayers determine these 
quantities from the colour of a cupelled sample 
bead or of a streak upon the touchstone (Lydian 
stone, a silioified wood). The sample taken is 
Battened, adjusted to an exact weiglit by filing, 
and then weighed with great accuracy on a. very 
delicate assay balance. It is then wrap|)ed in the 
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required apaount of lead foil (eight times for 
standard gold), with silver equal to twice the weight 
of gold present. This proportion, was first used in 
1627, and was reverted to in 1906 by the Royal 
Mint after 50 years* disuse. 

Cupellation and Parting. The principles 
of cupellation have already been explained. The 
cupel [8] used in ore assays is about 1 in. in diameter 
by ^ in. high. At the Mint a special form [ 9 ] is 
used, so that 72 assays may be cupelled at one time. 
Eighteen square bonc-ash blocks — for example, 
with four cupel hollows — are used, fitting into a 
special muffle furnace [10] with a floor space of 
6 in. by 12 in. 

At the completion of cupellation, when the alloy 
bead is uncovered a sudden brightening of the bead 
is noticed at the moment of solidification, called 
“ Bashing ” (due to the release of the latent heat 
of fusing). This is useful not only as a help in finding 
a minute beiid, but also because it affords a means 
of ascertaining whether iridium, osmium, rhodium, 
or ruthenium arc present, since these troublesome 
metals entirely prevent the phenomenon. In the 
case of pure silver this is the last of the operations, 
and the button can be directly weighed. 

At the l\Iint the button [HA] of silver and goM 
is Battened by hammering [llBJ, annealed, and 
passed through laminating rolls until it is the 
thickness of a visiting card [llC]. It is again 
annealed, and rolled into a spiral {HH] called a 
“ cornet.” These are matters oIl some skill, for small 
particles may easily he lost by cracks or roughness 
of 1 he cornets. The cornets n re first boiled with pure 
strong nitric acid [S.G. 1*2] in glass parting vessels 

(12|. At the Mint there are used platimiin trays, 
on each of which 144 platinum cups containing 
comets arc placed, the whole being lowered into a 
])latinum boiling vessel eontaining the acid at 90'^ C. 
The comets are next washed with distilled water, and 
again boiled with stronger arid, repeatedly washed, 
dried, annealed, and carefully weighed. 

Chock assays arc always made on pure gold to 
supply the correction necessary for tne losses by 
volatilisation, cupellation, and acid solution. Tlie 
gold finally obtained contains from 0*05 to 0*1 per 
cent, of silver. Mint weighings are now reported 
correct within 0 05 in 1 ,000. 

Coinage. At an early stage in the history of 
civilisation it became necessary to have a definite 
medium of exchange. Metals, from their durability 
and ]K)rtability, were very early in use, and gold and 
silver came naturally to be chosen from their in- 
trinsic value. Reasons for the choice of gold, which 
partly apply to silver, are that it is too widespread 
to be liable to “cornering,” as precious stones might 
be ; that it is imnlterablo by time or ordinary 
chemical agents: that, wherever found, it is the 
same substance (unlike stones, which have faults 
not easily detected); that its value is the same 
whatever the size of x>articular pieces (the carat of 
diamond increases in value with the size of the stone) ; 
and, finally, though soft, it is readily made hard- 
wearing. Primitive payments were by weight, and 
this custom survives in our “ pound,*’ which was 
first a pound avoirdupois of sterling silvcf^^while the 
penny w^ls the weight in copper which we call a 
pennyweight. 

Coinage has always, been a regal privilege and 
mints date from the Anglo-Saxon period. In former 
times coining was carried out by contract with the 
Master of the Mint, but the head! of the department 
on Tower Hill is now the Chancellor ot the Ex- 
chequer, a deputy master being the permanent 
official 
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Branch mints are established at Sydney, Mel- 
bourne, Perth, Calcutta, Bombay, and Ottawa, to 
pupplj' their respective countries. Great Britain 
and the rest of the Colonies are supplied from the 
English Mint. The coins now struck are: 

Gold : £5, £2, £1, 10s. 

Stlvee : r>s., 2s. Od., 2s., Is., 6d., 3d. : and the 
Maundy money, 4d., 2d., Id. 

Bronze : Id., jd., }d. 

The gold coins are j A pure gold and alloy 
by statute, and have l)een so uninterruptedly since 
the reign of Charles IT. James I. debased the gold 
coinage to pure gold for revenue purposes. 
The silver is 21 fine and A alloy. The bronze is a 
mixed metal of copper, tin, and zinc. 

“Trial” and “Remedy.” When coins 
were made by contract it was necessary to ascertain 
periodically that the contract conditions were kept. 
This was called the “trial of the pyx.” and it is still 
maintained with but little change. Finished coins 
are delivered in “journey weights,” the supposed 
daily manufacture when coining was a hand process 
— 15 lb. troy of gold (701 sovereigns), and 00 lb. troy 
of silver. From each of these deliveries one coin 
is taken and dep'mited in the “ pyx,” or chest, from 
whicli the annual trial derives its name. It is con- 
ducted in the presence of the King’s Remembrancer 
by a jury of freemen of the Goldsmiths' Company, 
the coins being assayed against pieces cut from 
standard trial plates. 

Variation in weight and constitution of coins 
from the standard fixed by law is permitted on 
account of the impossibility at present of ensuring 
an exact admixture of metals. It is called the 
“remedy,” and is permitled to the extent of 2 
and rr> parts per 1,000 for gold, and 4 and 4*17 for 
silver for fineness and weight respectively. Since 
a variation of of 1 part per 1 ,000 in the case of gold 
means a gain or loss of abo\it £100 in a million ster- 
ling — its importance will be realised. In gold coins, 
however, a. greater deficit, or excess, of from 0*3 to 
0*4 per 1,000 is rarely met with. The legal stand- 
ard is 91()*6 parts per 1,000. The limit of weight 
variation for bronze coins is 20 parts per 1 ,000. 

Light Coins. In the 1003 report of the l)e]>uty 
Master of the Mint, Dr. Rose, the Mint ehemisi, 
stated that the average circulation life of the sove- 
reign is 27 years, and of the half-sovereign 17 years. 
Tiie coin has then lost by wear so much weiglit.and 
fineness that it is legally uncurrent. Since the 
nominal and real values of gold coins are the .same, 
this represents a considerable loss to the holders. 
In 1873 it was estimatiHl that the loss on light coins 
in circulation from deficiency in gold amounted 
to about £()r)(),()()0. The withdrawal of light gold 
coinage has been efTected at intervals by raising 
the ordinary Mint purchasing price for light gold 
from £3 178. (ijd., to the full statut/e Mint value of 
£3 17s. 10 jd. per oz. Since the passing of the 1891 
Coinage Act' nearly £50,000,000 of light gold coins 
have licen withdrami by exchange at face value. In 
the case of silver these losses arc covered by 
” seignorage,” the difference between the real and 
nominal values of the coins. The yearly silver loss 
average for the decade 1896-1905, was over £35,000. 

Coining Operations. In the early days of 
hand coining, cast bars of metal were hammered 
down to the required thickness, and the coins were 
cut therefrom with shears, the device being 
impressed by means of a hammer blow on a die. 
Now, however, the greatest care is taken, not only 
in the production of pure and accurate discs of the 
meto,l8, but in the fineness of the alloy of base and 
precious metals used. 


The Mint assay, melting and toughening operations 
for gold and silver have been described. The first 
©[deration now to be considered is the rolling of the 
cjist bars into strips or “ fillets.” The manufac- 
turing details for gold, silver and bronze coins 
are not materially dilferent, and the sovereign will 
be taken ns the type. The bar of gold, J in. thick, 
is reduced by successive rollings (with frequent 
annealings to counttTact the hardening effect) to the 
thickne.ss of a sovereign. The accuracy of the 
thickness is tested by means of a gauge plate con- 
sisting of two steel bars set at a small angle grad- 
uated to of an inch. For half-sovereigns a 

variation of , of an inch would more than account 
f(»r the “ remedy ” allowed. The fillets are next 
tested by a “ fryer,” who cuts from them trial blanks, 
and by weighing on a delicate balance, classifies 
the fillcfs according to their weights. 

Blanks for coins are punched in double rows 
from the fillets by cutting machines acting on the 
principle of the ordinary paper-punch. Bronze 
coins are cut five at a stroke. Slightly larger cutters 
are useti for those fillets which have been classified 
as light, and vice versa. The cut fillets, now known 
as s equal from 25 to 30 per cent, of the 
original metal and are re-melt(Ml. So far it has not 
been found practicable to cut blanks from rods of 
metal, though such a method w'ould reprc.sent 
a considerable economy. 

In .some mints the blank is adjusted to the re- 
quired weight, but in London the finished coin alone 
is weighed, and the blanks are next thickened 
at the edge by rolling for the protection of the 
impression on the coin. 

Coining and Automatic Weighing. 

The actual coining operation con.sisfs of placing 
the blank between two engraved dies in a press, 
the upper die being brought down upon it with 
con.siderable forc(*. A collar surrounds the dies 
during the stamping to keep the blank in position, 
and, bv moans of cutting edges inside, to produce 
T.he milled edge. The coin is then driven down a 
delivery shoot by the succeeding blank. Ninety 
coins a minute arc , 
produced. 

The concluding 
operation is thc^ 
automatic wcigli- 
ing of each c?oiii by 
a set of wond(‘rfiil 
machines, which 
infallibly distin- 
guish between 
“light,” “heavy.” 
and “good” 
coins. The coins 
arc fed in through 
a h tip per, and 
rt'ceived sinsrly on 
the plate of a 
balance beam, one 
arm of which is A COINING PRESS 

weighted according 

to the coin tested. Rods raised by cams then 
release both ends of the b(*ain, and, if tht* coin is 
“light,” the lilate-cml of the beam rises; if it is 
“ heavy,” the weightctl end rises : if “ good, ’ the 
beam remains prat:ticaH\ hori/oiital. These move- 
ments of the beam govern the action of Itn’crs that 
determine into which of three orifices a delivery 
shoot, free to mov’'e by being hung on pivots, shall 
deliver the tested coin. 3’he mouth of the shoot is 
directly in front of the balance- plate, the coin being 
driven into it by the coin next behind it. 
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STOCK-IN-TRADE 


W E now come to a matter upon which the 
iiltimaio result of the trader’s operations 
largely depends, namely, the taking of stock. 
But before proceeding to deal in detail with 
stocktaking, it is necessary to consider the 
method of keeping the records of the goods 
bought during the course of the trader’s opera- 
tions. In many businesses the invoices received 
from manufacturers are pasted into guard books 
in alphabetical order at weekly or other intervals, 
and from thence are entered into the invoice 
journal. On each invoice is noted in red ink 
or blue pencil — black ink docs not show up well 
— the folio of the invoice journal on which it is 
entered, and in the journal is noted either the 
page of the guard book where the invoice itself 
is to bo found or the serial number given to the 
invoice when it is in course of being passed for 
filing and entry. 

The Guard Book. The using of a guard 
book without an invoice journal is not neces- 
sarily incompatible with the j)rinciples of 
double entiy. In some wholesale houses the 
guard book is elevated to the dignity of a journal. 
On every page a money column is ])rovided, into 
which the invoice amounts are extendefl, each 
amount being exactly opposite the total of the 
invoice to which it relates. The various in- 
voices are posted separately from the guard 
book to the ledger, and the double entry is 
completed by posting the total of the money 
column to purchases account in the ledger. 

By reserving a separate guard book for each 
department of a business a second and closer 
analysis of the transactions represented by the 
invoices is effected. In lieu of one grand total 
for purchases during a given period, wo obtain 
as many guard book totals as there are depart- 
ments ; and the information will be of service 
when inquiry is made as to which departments 
are responsible ‘for profits and which for losses, 
and the extent to which the different depart- 
ments have contributed thereto. 

Where but one invoice journal or guard book 
is kept for all departments, the analysis in the 
first instance merely resolves the invoice trans- 
actions into their debit and credit elements, 
there being one debit to purchases account (or 
goods account), as against a number of credits 
to the sellers of the goods. 

Analysis Columns in the Invoice 
Journal. To distribute purchases over the 
various departments of a business, so that, each 
department shall bo charged with the goods it 
receives into stock, the original analysis must 
be supplemented by a further dissection, for 
which purpose analysis columns, similar to those 
in the analysis potty-cash book, are sometimes 
inserted in the invoice journal, each column being 


headed with the name or number of a depart- 
ment. In other instances, dissection shoots are 
resorted to. These are explained in due course. 

It is doubtful whether, in view of the modern 
tendency to discard bound books in favour of 
loose-leaf books, card systems, and the like, the 
guard book will long survive the attacks made 
upon it. It has, howwer, justified its title by 
guarding the documents entrusted to its keeping, 
and, while capable of improvement in some re- 
spects, it excels in others. 

Trading Account. Students may find it 
useful to refer to our previous remarks upon the 
treatment of invoices [see page 637], and after- 
w'ards to consider the following transactions of 
Messrs. Bevan and Kirk, namely, (c) to {g) in- 
clusive, {t) and {u). It will bo observed that 
they all relate to goods, some to purchases — (c) 
and (^) — some to sales — (^), (e), (/), (g ) — find one 
to returns (u). Formerly, bookkeepers recog- 
nised no other classification for such transac- 
tions than that of “ goods ” or “ merchandise,” 
but the normal development of the analytic 
method has changed all that, and the primitive 
goods account is now broken up into several 
sub-accounts, which are j^eriodically united 
under the title of trading account. 

The Goods Account. The limitations of 
the method under which only one account was 
kept for goods will now be explained, and this 
W'ill enable us to understand why the goods 
account has been altogether discarded by the 
modern accountant. 

Mr. Andrew Crawford, of Liverpool, is the 
j)atentee of a portable heating and cooking 
apparatus, which he desires to introduce to the 
public under the trade name of the “ Triumph ” 
oil-stove. Ho decides not to risk bis capital in 
building a factory and in laying down a suitable 
j)lant for making stoves of this description until 
evidence is forthcoming that the article has 
obtained a firm hold upon the public favour. 
No surer testimony to the existence of a genuine 
demand for an article can be found than that 
supplied by the steady increase in the sales of 
that article, season by season and year by year ; 
and this is the evidence Mr. Cra^ord requires 
before embarking upon a course of action w^hich 
would necessitate a large outlay of capital. 

But if ho will not make the stoves himself 
he must procure someone to make them for him. 
He therefore enters into negotiations^ with the 
Birmingham firm of Jones, Price &^o., hard- 
ware manufacturers, who undertake to supply 
his wants upon mutually satisfactory terms. 
The contract between the parties provides, 
among other things, that the price per stove, 
delivered at the patentee’s warehouse in North 
John Street, Liverpool, shall be 8s. Gd. for size 
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A, and 11s. 4d. for size B, and that statements 
of account shall be rendered monthly, subject 
to 32 per cent, cash discount if paid within ten 
days from the date thereof. 

Gross and Net Profits. So far, then, as 
goods coming in are concerned, Mr. Crawford 
is in the position of a wholesaler, but he has 
now to make up his mind whether he will 
attempt to reach the public direct or through the 
retailer. If he decides in favour of the latter 
and perhaps the wiser alternative, ho will have 
to be content with a somewhat smaller rate of 
gross profit, because the retailer also is entitled 
to a profit, and usually obtains a higher per- 
centage of profit than the wholesaler. If 
“ Triumph ” stoves w’cre offered to the public 
at exorbitant prices, there would be an abiite- 
ment, or possibly a total cessation, in the 
demand for them. Generally speaking, a small 
turnover with a high rate of gross profit is not 
so profitable a policy as a larger turnover with 
a lower rate of profit. 

During the first year of his contract Mr. 
Oaw'ford took delivery of 5732 A “ Triumphs ” 


jit 8s. 6d., and 1476 B “ Triumphs ” at Us. 4d. 
His credit sales throughout the same period 
were 5432 A stoves at 10s,, 1419 B stoves at 
13s. 4d. ; 217 A stoves and 140 B stoves were, 
however, returned by customers for various 
reasons, and 79 stoves (28 A and 51 B) were sent 
back to the factory as being defective. There 
were no cash sales. With these facts before us 
we can exhibit the goods account in an abbre- 
viated form, but it should be borne in mind that 
the account here given is not a copy but a 
summary of the account in Mr. Crawford's ledger. 

The goods account is here shown in condensed 
form, but Mr. Crawford has adopted the detailed 
form which, at much greater length, sui)plies 
leas real information. For every purchase, a 
journal entry is made debiting goods account 
and crediting Jones, Price & (^o., and for every 
sale the customer is debited and goods account 
credited. Conversely, for returns to factory 
(returns outward), J. P. & Co.’s account is 
debited and goods account credited ; for returns 
from a customer (returns inw’ards), goods 
account is debited and the customer's account 
credited. This is double entry with a vengeance ! 


The number of items on the credit side of goods 
account may be gauged from the fact that in the 
first year of trailing 249 accounts have been 
opened with retail ironmongers and others. 
Furthermore, a groat many customers have sent 
“ re])eat orders," so that there are probably not 
less than six or seven hundred postings to goods 
account on the credit side alone. The debit side 
is briefer, as it relates chiefly to purchases from 
Jones, Price & Co., wdio despatch and invoice 
goods to Crawford, as per contract. 

In a gooils account built up hem by item, not 
only are time and space squanden'd as the direct 
result of the method emi)loyod, but the aeeount 
its(df is perplexing, because it fails to discriminate 
between purchases and rid urns inwards on the 
one side, and between sales and returns outwards 
on the other. Omitting dates and journal folios, 
the goods account in Mr. Crawford’s ledger 
would be set out as in the facsimile example 
shown on the next page. 

Comparing this w^ith the goods account, 
marked No. 2, we observe that, desy>ite varia- 
tions in structure, the two accounts agree as 


to the amount of profit balance, and as to the 
amount of stock in hand. 

But the goods account has not fulfilled its 
ofiice by merely disclosing the value of the 
stock in hand and the amount of gross profit 
earned ; w'c wish also to know the rate of gross 
profit, the nu»nber and selling value of stovivs 
sold in each month, the number returned, 
the total sales and purchases for the year, the 
ratio of returns to sales, and other useful facts 
about the business w'hieh arc caf)able of being 
elucidated by means of the figures contained 
in the goods account. It thus a]>pears that the 
form of the goods account is a matter of imj)ort- 
ance, because to be of services the information 
stored up in that account should be always 
accessible. It is a step in the right direction 
when specialised books of original entry are 
substituted for the journal, the monthly totals 
only of purchases and returns inwards, sales and 
returns outwards, being passed through tho 
journal and posted to the goods account. 

A.ccounts and Nominal Accounts* 
The most troublesome item in the goods account 
is that relating to stock. The reason exists 
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in tho dual nature of the account itself. In 
the first place it belongs to the class of real 
accounts, which also embraces cash, bills pay- 
able, bills receivable, fixtures and fittings, and 
every species of property employed in or asso- 
ciated with an undertaldng. But upon re- 
flection we must admit that the goods account 
also belongs, in part at least, to tho class of 
nominal or temporary accounts. Such accounts 
exist in name only; they are, in fact, sub-accounts, 
which for the sake of convenience are kept 
separate until merged by transfer in some 
account of superior degree. I’o this class belong 
tho sub-accounts which jointl}^ constitute the 
profit and loss account, as rent, rates, and taxes, 
salaries and wages, trade expenses, discounts, 
and sub-accounts of gains, losses, and exj)en8e3. 

The goods account is related to this group 
through the sales. Every profitable sale is 


effected at a price which rof)rcsents cost plus 
profit. Tho theory is that these accumulated 
profits are periodically transferred to profit and 
OSS account, after having ascertained tho value 
of tho stock of goods on liand. 

Stock in Hand. The value of the stock 
is ascertained by actual survey of tho unsold 
goods, in the same way as the amount of cash on 
hand is found by counting the cash in the till. 
But while t here should bo an exact correspondence 
botwoon the amount of cash in the till and the 
cash balance disclosed by the office cash account, 
there is ordinarily no such correspondence 
between the amount of goods on hand and the 
balance of goods account in the ledger. Theoreti- 
cally, there is no reason why, after allowing for 
profit or loss on goods sold, and perhaps for 
reduced value of goods unsold, tho balance shown 
on tho goods account should not coincide with 
the value of tho stock on hand as ascertained by 
survey — that is, stocktaking. We may illustrate 
this by an example. At tho end of the first year’s 
trading, Mr. Andrew Crawford learned as tho 
result of stocktaking that he had on hand 489 
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size A and 146 size B “ Triumph stoves. These 
he valued at cost, and on this basis the stock was 
worth £290 11s. 2d., consisting of ; 

£ 8. d. 

489 A stoves @ 8s. 6d. = 207 16 6 
146 B stoves @ 11s. 4d. = 82 14 8 

Total £290 11 2 

Tho total agrees with tho balance brought 
down on goods account No. 1 and on goods 
account No. 2, after the accumulated profits on 
sales have been transferred to P. and L. account. 
But those accounts are not sufficient in them- 
selves to explain tho coincidence. Attention 
is therefore directed to goods account No. 3, 
wherein the facts already dealt with in the two 
fircceding accounts arc treated quantitatively. 


By a slight rearrangement of the figures w'C 
are able to confirm tho stocktaking quantities in 
the following way : 

A. B. 

5732 No. of stoves purchased 1476 

28 Less retunieci to factory 51 

5704.. Net purchases 142!» 

.5432 No. of stoves aolcl 1410 

217 Loss returned by customers 140 

5215.. Net mles 1270 

480 No. of stoves in stock, 31 Dec.. 1002. . 146 

Gross Profit. The selling prices of A and 
B stoves are 10s. and 1 3s. 4d., as compared with 
cost prices 8s. fid. and 11s. 4d. respectively. 
Hence arises tho gross profit of £519*^. fid. It 
follows that if cost and selling prices wore 
identical the item “ gross profit ” would dis- 
appear from the goods account altogether, 
although tho balance representing stock on hand 
brought doAvn would remain unaltered. 

Stocktaking proceeds quite independently ol 
the goods account in the ledger. Nevertheless, tho 
results of stocktaking must be known and in- 
corporated in the gooda account ere we can 
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decide the question as to whether a trading profit 
has been made. 

Therefore the first step towards closing the 
goods account is to take stock. The w^cond step 
is to credit by the value of the stock on hand 
the account about to be closed, at the same time 
opening a now' account, and debiting it with the 
value of the stock transferred thereto. If the 
two sides of the old account then agrtse, we are 
forced to the conclusion that no profit hfis been 
made. If, as in the three accounts already given, 
the total of the credits exceeds the total of the 
debits, the difference or margin is gross profit. 
To dispose of this difference a transfer entry 
should bo put through the journal and "posted, 
debiting goods account and crediting profit 
and loss account [see nile of transfers, page 801]. 

In a goods account constructed on the linos 
of example No. 3 before us, we are able to utilise 


the recorded quantities and prices in verifying 
the accuracy of the gross profit as stated. We 
have seen that profits are derived solely from 
the sales, but that they are liable to diminution 
by the amount of any shrinkage in value of the 
unsold goods. In th(^ present case there is no 
shrinkage, and the calculation to be performed 
becomes a simple matter. Allowing for returns 
from customers, 5215 A stoves wore sold at 
lOs. each, being an advance over cost of Is. 6d. 
per stove ; therefore, the total profit on A stoves 
must be Is. 6d. x 5215 = £391 28. 6d. Again, 
1279 B stoves were sold at ISs. 4d. each, or an 
advance over cost of 2s. per stove. The total 
profit on B stoves is, therefore, 28. x 1279 = 
£127 1 8s Od. If this amount, be added to the 
profit of £391 28. 6d. on A stoves, we shall 
obtain a combined profit of £519 Os. dd., as shown, 
a D 34 


The Quantitative Method. Quantitative 
accounts of raw material, labour, finished 
products, and expenses of production are essential 
to every genuinii system of cost accounts. Prime 
costing, as it is ttirmod, is a latter-day develop- 
ment of accountancy, but more csfx'cially of the 
analytic method to which reference has been 
made. It is resorted to chiefly by the con- 
tractor and the nuanufactun^r ; by the contractor 
because estimates for work proposed to bo 
undertaken should be foundc'd u{)on data supplied 
by the prime cost accounts of executed contracts ; 
by the manufacturtu’ because then^by an efficient 
control over every dcj)artment of manufacturing 
can be maintained. 

Outside these two classes of business men, the 
quantitative method of ac(Ount-keei)ing meets 
with small favour, and the reason is not far to 
seek. It is a good business maxim that the 


result aimed at should be commensurate with 
the effort put forth, and it is generally felt that 
the labour of keeping continuous and classified 
records of the quantities of stock bought and 
sold from day to day is too high a price to pay 
for the consequent benefit of being able to check 
the quantities of stock on hand as ascertaiiu'd by 
actual survey with the balances apj)caring in the 
stock register. 

Testing Stocktaking Results. Ac- 
cordingly, business men have ado})ted a shorter 
method of testing the results of stocktaking 
w’hich, although not absolute, answers all 
practical purposes. The method referred to 
consists in ascertaining w hether the rede of gross 
profit earned is a proper one, having regard to 
all the circumstances. If the rate is normal, or 
varies but slightly from the normal, and the 
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prices, extensions, and summations of the 
stock book have been carefully verified, then 
the amount of stock on hand is assumed to be 
correctly stated ; but if the rate is abnormal, an 
investigation of the goods account, including 
the item of stock on hand at the end of the 
period, will have to be made. 

For instance, in goods account No. 2, quantities 
are not registered, but values only. Taking the 
net sales os £3460 Ss. 4d. (£3662 -£201 168. 8d.), 
the gross profit as £519 Os. 6d., and applying the 
rule for percentages, the profit works out at a 
rate of 15 per cent, on the sales (£510-025 x 
100 £3460-16 = 15). Mr. Crawford is satisfied 

from this showing that the value of the stock is 
correctly stated, because his selling prices were 
calculated on a basis of 15 per cent. “ on returns.’* 

Thus, if la. 6d., which is 15 per cent, on lOs., be 
deducted from the selling prfce of A stoves, we 
shall arrive at the cost price, 8a. 6d. ; so also, if 
2s., or 15 per cent, on 13a. 4d., be deducted from 
the selling price of B stoves, the cost price, 
11s. 4d., will stand revealed. 

In a great many businesses, the stock com- 
[)rises a variety of articles of trade, and the prices 


are legion. Here it would be folly attempting 
to prove the value of the stock by making 
calculations based upon the difference between 
cost and selling prices. The simplest plan is to 
adopt an idexil rate of gross profit for each 
business coming under this category, and to 
treat any marked deviation therefrom in the 
adml rate os a warning not to pass the item of 
stock in the goods a/c without further inquiry. 

Determining the Ideal Rate of Profit. 
To determine the ideal profit rate which should 
obtain in a given case, it is advisable to fall back 
. upon the experience of former years, or of other 
people engaged in the same trade. While it is 
true of trade generally that different rates of 
^OBS profit prevail where trades are dissimilar, 
it is, with certain reservations, no loss true that 
in any particular trade there exists a recognised 
standard of gross profit to which the majority 
of the traders endeavour to conform. Industrial 
competition — that great leveller of prices — is 
maiidy responsible for this tendency of gross 
profit rates to become uniform ; but we merely 
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note the fact, and pass on to illustrate the 
mode of applying the ideal or standard rate 
of gross profit in the detection of error. 

Suppose that the* goods account in Mr. 
Crawford’s ledger hod been kept in abstract 
form as shown in goods account No. 2, but that 
while the figures for purchases, sales, and returns 
were the same as given in our example, the 
amount of stock on hand (at cost) ” dif- 
fered, being recorded as £248 Is. 2d. instead of 
£290 lls. 2d. We should expect to find this 
reduction in the ledger value of the stock 
reflected in the decrease of gross profit show^n,^ 
and this is precisely what happens [see the 
facsimile account below]. 

Taking the net sales as £3460 3s. 4d. and the 
gross profit at £476 10s. 6d., Mr. Crawford 
would have discovered that the rate pf profit 
worked out at slightly under 13-8 per cent. 
This result being clearly inconsistent with the 
fact of a 15 per cent, margin of profit between 
cost and selling prices, ho w'ould feel convinced 
that something was wrong. In the case we 
are supposing, a careful recount of the stoves 
in stock revealed the fact that a mistake had 


been made in counting 389 A stoves instead 
of 489. The error produced a depression of 
£42 10s. Od. — representing the cost of 100 A 
stoves at 8s. 6d. each — in the hook value of the 
stock. When the necessary adjustment had 
been made, the amount of stock would appear 
as £290 lls. 2d., the gross profit would be 
correspondingly increased to £519 Os. 6d., and 
the rate of profit would w^ork out at 15 per cent, 
as required. 

If, wheil tried by the touchstone of the 
standard rate of gross profit, an actual rate 
appear erroneous, we may be sure that, what- 
ever the source of the discrepanc}^ it is of 
sufficient importance to warrant an attempt to 
locate it. Sometimes a discrepancy can be 
shown to be the result of legitimate causes, 
and at other times the most determined efforts 
to unravel the mystery may prove unavailing. 

Frequently, however, the knowledge that the 
actual rate of gross profit is fake has led to 
the discovery of the fraud or error which it 
prognosticates. A. J. WINDUS 
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SHORTHAND— LESSON 9. BY SIR ISAAC PITMAN & SONS 


Grammalogues (Phonetically Arranged), (third position) are written through the line. 
Grammalogues marked “ 1 (first position) are Those not marked (second position) are written 
written above the line. Those marked “3** on the line. 


' R 

pn ^ 
pr 

♦ prt ^ 
B \ 
bv \> 
bn 'S 
br ^ 

T I 

tit P 

trts I 

D I 
dl f 
df I 
dn J 

dl- 1 
CH / 

cbl P 

^ ( 

K / 

il f 
jn y 

jnt ✓ 


happy 1 ; up ; put 3 
upon 

principal, nrinciple, 
principally 3 
particular 1 ; oppor- 
tunity 

by, buy 1; be; to be 3 


been 

remember-ed, mem- 
ber; number-ed 3 
at 1 ; it ; out 3 

told 

try 1; truth; true 3 
towards 

had 1; do; difPer- 
ent-ce 3 
deliver-cd-y 
advantage 1 ; 
difficult 3 

had been 1; done; 
down 3 

Dr 1 ; deal* ; during 3 
much 1 ; which ; each 3 
children 1 
large 1 

larger 1 ; journal 
largely 1 

general ; religion 3 
gentleman 1; gentle- 
men 

can 1 ; come 
quite 1 ; could 


CONSONANTS 

“3 cannot 1 
— o because 1 

c call 1 ; equal-ly 

c_ called 1 
c — cai’e 
c- according I 

go, ago 1 ; give*n 

e- great 
V. if 

for 

from 

Phonography 
^ have 

C over 1 ; ever-y; | 

^ however 3 
very 

( thank-ed 1 ; think 
^ thi ough, threw 3 
( though 1 ; them, they 
( that 1 ; without 
Q those 1 ; this ; these 3 
( other 

) their, there, they are 1 

^ thei’efoi'e3 (d uble length) 

) so, us ; see 3 
o as, has 1 ; is, his 
^ first 
spirit 


y 

and (up) 


1 


a, an 

aw 

% 


ah ! 


/ 



the 

ii 



ehP ay 

oh 

* 

\ 

of 

Dash 



he 

DIPHTHONGS 


^ several 
) was; whose 8 
^ shall, shalt 
^ shoi’t 1 
^ usual-ly 
pleasure 

^ me, my 1 ; him, may 
^ myself 1 ; himself 

important, importance 1 ; 

improve-d-ment 
more, remark -ed 1 ; 

Mr., mei’e 
in, any 1 ; no, know 
^ not 1 

N-' hand 1 ; under 
opinion 

nor, in our 1 ; near 
w language 1 ; thing 
Lord 

or 1 your; year 3 
^ are ; hour, our 8 


rd 1 


W 


wn 


wl 

r 

Wh 

C/ 

whl 

c 

Yt 


66 


00 

.A.. 

i 



w5 

..x.. 

when 

" 

beyond 

ai 

A 

wt 


with 

y55 

you 

ow 

...A.,. 

L 

w5 


what 

i 

I, eye 

wi 


woo 


would 






The POSITIONS of the logograms, above, on, word has more than one syllable, by its a<^onted 
and THKOUOH the line, are in general determined vowel. The signs for grammalogues containing 
by the vowels contained in the words ; and if a a firsUplace vowel are written above the line ; 
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those with a sec(»nfl -'place vowel on the line ; 
and those with a third-place vowel through the 
lino ; thus 

-V- 

ha]fpif^ up, put, 

A logogram may he used either as a prefix or 
sufiix ; thus 

‘ ^ - - 

u ndertake, i ndifferent. 

Irregular grammalogues are of two descrip- 
tions, namely 

1. Those of frequent occurrence, written ON 
THE LINE for convenience. These are 

^ are ^ have ^ usual 

\ be if ) was 

\ been 1 it wq 

1 dear ^ Lord / wliich 

f deliver Phonography (T will 

I do y shall ^ your 

^ for ( think 

from upon 

2. Those which, in their proper position, 
would clash with (i.e,, be mistaken for) some 
others. These are 

/ 


any 1 
ago, go 1 
in 1 
me 1 
more 1 


much 1 
number-ed 3 

O ! oh 1 owe 1 

.Srr. over 1 


(3 this 
Jo , those 1 

( 


though 1 
truth 

. particular 1 | with 1 

Writing in Position. When writing very 
rapidly it is impossible to inseit many vowels. 
This has been recognised throughout, and the 
rules of the system have lieen formulated, as far 
as possible, with a view to the indicatUm of the 
vowels when they are ()mitted. Thus, for 
example, it is provided that where there is an 
initial vowel there must bo an initial stroke 
consonant, as in tlie words 

• 1 . 




outlines in positirm, by which it is possible to 
indicate the vow'el or the principU vowel in a 
w'ord. The positions are named respectively 
first position, second position, and third position ; 
the first being above the lino, the second oh the 
line, and the third fJirowjh the line, thus 

1 1 2 J 3 

When the vowel or principal vowel in a word 
is a first-place vow^el, the outline for the word is 
written in the first position, above the line ; thus 

gaudy, dock, daughter, cany. 

When the vowel or principal vowel in a word 
is a second-place vowel, the outline for the word is 
written in the second position, on the line ; thus 

_Z1 I| 

code, fairy, debtor, loaf, 

Wlion the vowel or principal vowel in a word 
is a third- place vowel, the outline for the word 
is written in the third posit Um, through the 
lino ; thus 

• V - 

keyed, fury, voucher. 

In w'ords consisting of a horizontal letter 
preceded or followed by an iqjright or sloping 
letter, the latter determines the position of the 
outline, the horizonbil letter being raised or 
lowered as recpiired ; thus 

v_ 


pack, jyeck, pick ; cap, cape, keep. 
There is no third position for words whoso 
outlines consist of horizon bil letters only, or of 
half-sized letters cmly, or of horizontal letters 
joined to half-sized letters. AVhen the vowel or 
primnpal vowel in such words is a third-place 
vowel, the outline is written in the second 
positiim, on the line ; thus 


sank. 


S'unk, 


sink ; 


ask, espy, assail, etc. 

And, in the same way, where there is a final 
vowel there must also be a final stroke con- 
sonant, as in the words 



racy, money, etc. 

In these and similar words the presence of an 
initial or final vowel is imUcated by the outline 
of the word, without actually writing tJie vowel 
sign. 

Id addition to the foregoing methods of vowel 
signification, thei-e is the writing of consonantal 


- N 

standing, tendered, splintered. 

Double-length downstrokes take only the 
third position, through the line ; as 

H \ \ +- 

ponder, plunder, pounder, tender, 

A double-length upstroke can be written in 
the three positions ; as 

r... 

latter, letter, litter; uxinder, wonder, winter. 

The student will meet with instances where 
there is a liability of clashing unless a vowel is 
inserted. He should v|j^lize freely rather 
than run the risk of illegiqlity. \ 
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Addition, Subtraction, Multiplication, and Division of 
Recurring Decimals, Simple and Compound Practice. 

RECURRING DECIMALS & PRACTICE 


RECURRING DECIMALS 

94. In some cases of division, when the 
quotient is expressed as a decimal, we have 
found that the quotient docs not terminate — 
for example, Art. 33, Ex. 2. 

In such cases, a digit, or set of digits, is re- 
peated continually. The decimal fraction is then 
called a recurrmj, a repeating, or a circnlatirvg 
decimal. 

The digits which recur are called the period. 

A pure recurring di^cimal is one in which the 
period begins immediately after the decimal 
point. Thus ‘3636 . . . and ‘7777 ... are pure 
recurring decimals. 

A mixed recurring decimal is one in which the 
period does not begin immediately after the 
decimal point. Thus ‘23548548 ...» in which 
the digits 548 recur but 23 does not recur, is 
a mixed recurring decimal. 

The period is usually indicated by placing a 
dot over its lirst and last digits, so that ‘363636 . . . 
is represented by , *777 ... by *7, and 

•23548548 ... by -23548. 

95. Wc can easily tell, without performing the 
division, whether a vulgar fraction in its lowest 
terms will give a terminating or a repeating 
decimal j for a terminating decimal is equiva- 
lent to a vulgar fraction with 10, or some power 
of 10, as its denominator. Hence, if we can 
multiply both numerator and denominator of 
our vulgar fraction by such a number that the 
denominator becomes 10, or some power of 10, 
then tho fraction will give a terminating decimal. 
Now 2 and 5 are the only numbers which can 
be multiplied so as to become powers of 10. 
Therefore, if the denominator of the given frac- 
tion contains any prime factors which arc hot 
either 2’s or 5’s, the fraction will not form a 
terminating decimal. 

96. Further, wo can tell the greatest possible 
number of digits in the recurring period. (Con- 
sider the fraction f. When dividing by 7 the 
remainder must alw'ays be less than 7, so that 
the only possible remainders are 1, 2, 3, 4, 5, 6. 
Hence, the next remainder must be one which 
we have already had, and tho figures in the 
quotient will recur, even if they have not done 
so sooner. 

Although the following statements cannot be 
proved here, a knowledge of them may save 
much labour. 

(1) When the denominator is a prime number, 
the number of digits in tho period is a 
factor of the denominator-di minished- by- 
one. 

Thus must recur after 1, 2, 3, 4, 6, or 12 
digits, since these are the only numbers 
which are factors - 1, t.e., of 12. 


(2) By division we find }- *14285?. In any 
multiple of 4, .such as 5, these .same digits 
will form tho period, and they will follow 
one another in the same order. By dividing 

7 into 50 we see the first digit is 7.; hence, 
we at once know that f - ■?14285. This 
statement is true for any fraction whose 
denominator is prime, and the number of 
digits in whose period is one less than this 
denominator. 

(3) In T42857 we sec that, when we have 
found the first half of the period by division, 
wc can obtain tho second half by subtracting 
the digits alreadv found, in order, from 9. 
Thus, 8-^9- 1, 5-9-4, 7 - 9 - 2. 
This fact is of great use in cases such as 

'tV> fso 

For example, we find by division that - 
*05882352 . . . and that the quotient does 
not yet recur. But, by (1) of the present 
article, since it does not recur after eight 
figures, we know that it must recur after 16. 
(Consequently, we can obtain the remaining 

8 figures by subtracting the first 8, in order, 

from 9. Hence, •058823529411764?. 

97. A pure circulating decimal is converted 
into a vulgar fraction asjollows : 

Example 1. Reduce *2 to a vulgar fraction. 

Wc have *2 — *2222 (1) 

There is one digit in the period, so we multiply 
by the first power of 10. 

Thus 10 X -2 2 2222 (2) 

Subtract (1) from (2), and we got 
9 X -2 - 2 

Therefore *2 -- S Ans. 


Example 2. Reduce •?14285 to a vulgar 
fraction. 

•714285 :::.• 714285714285 . . (1) 
There are six digits in the period, so we 
multiply by the sixth power of 10. 

Then 

1000000 X -714285 = 714285-714285 . . (2) 


Subtract (1) from (2) and, we get 

999999 X *?14285 - 714285. 


Therefore, 

•?14286 = 

999999 7 x 142857 


Ans. 


Hence we have the njlc : For the numerator , 
write down the digits which form the period ; for 
the denominator, put down as niann nines as there 
are digits in the period. 

98. Mixed recurring decimals are converted 
in a similar way. 

Example. Reduce *357 to a vulgar fraction. 

•3o? - -3575757 .... 
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There is one digit in the non-recurring part, so 
we multiply by. JO, and obtain 

10 X *367= 3-575767 . ... (1) 
There arc three digits in the non-recurring part 
and the period together. Multiply, therefore, by 
the third power of 10. 

1000 X -367 = 367*6767 .... (2) 
Subtract (1) from (2).:, 

990 X -367 = 367 - 3. 


Hence 


990 990 


69 

165 


An$. 


We have, therefore, the rule : For the numerator , 
write down the nuniher consisting of the digits 
as far as the end of the first period^ and subtrcLct 
the nuivJber consisting of the digits which do not 
recur : for the denominator, write as many nines 
as there are recurring digits, followed hy as many 
noughts as there are non-recurring d^igits, 

09. A decimal whose period is 9 is equivalent 
to a terminating decimal. 

Example. By the above rule 


.log- 129 - 12 ^117 
^ 900 900 


13 

Too 


:13. 


Or, the same thing may be shown by subtracting 
*129 from '13, the result being zero. , 

Note. From this it appears that *9=1. This 
is only true in the sense that the difference 
between 1 and ‘999 . . . becomes less and less 


as we take more figures of the decimal, until 
the difference between them is smaller than any 
assignable quantity. It is, in fact, in this sense 
that any vulgar fraction is said to be equal to a 
recurring decimal. 

100. Addition and Subtraction of 


Recurring Decimals. 

In adding or subtracting recurring decimals, 
it should be noticed that wo can always write 
the decimals so that their periods begin at the 
sawfi fiecimal place. For, it. is evident that 
*12934 may be written *1293495, since each is 
equivalent to *12934934934... We have thus 
shifted the beginning of the period from the 
third place to the fifth. 

Next, a decimal which has a period of, say, 
4 digits, may be considered as having a period 
of 8, 12, or any other multiple of 4 digits. So 
that, if we have three decimals, whose periods 
consist of, say, 2, 3, and 4 digits, we may take 
the L.C.M. of 2, 3, 4, i.e., 12, and consider that 
each decimal has a period of 12 digits. 

We will now consider examples in addition and 
subtraction. 

^xamp^l. Add together *25'793 + *1246i + 


Explanation. The latest 
place at which a period be- 
gins is the fourth (in the 
second decimal). We there- 
fore, after writing the deci- 
mals under one another as 
in ordinary addition, draw 
a line in front of the fourth place. Next we see 
that the numbers of digits in the periods are 
3, 2, 3, 2 respectively. The L.C.M. of these 
numbers is 6. Write, then, in each decimal, six 
figures to the right of the line we have drawn, 
and draw anotl^er line after them. Evidently 


•267|937937|93 

12461616161 

‘32632532532 

*124242^24 

832^2184^ A 




the figures enclosed between the two vertical 
lines will continually repeat, so that we only 
need write down two more places of each decimal, 
in order to find what figure we must ** carry,*’ 
and add the decimals together. The answer will 
be a decimal of which the part between the 
vertical lines recurs. . . , 

Example 2. Subtract *63564 from 1*877968. 

Explanation. Make both 
decimals begin to recur at 
third place. Draw a line in 
front of the third place. 
Reqd. diffe.rence The periods consist of 6 and 
= 1*2423 Ans. 3 digits respectively. The 
L.C.M. of 6 and 3 is 6. 
Hence, write six figures to the right of the line, 
draw another line, and continue two places 
beyond. In this case there is nothing to 
“ carry ” from these extra places, and we get 
for our answer r24|232323|, where the figures 
between the lines form the period. We notice 
that this period of six figures consists of three 
sets of tivo figures, so that the answer is written 
1*2423. 

101. Multiplication and Division of 
Recurring Decimals. 

Division by a whole number or by a terminat- 
ing decimal presents no more difficulty than 
the division explained in Art. 88. We have, of 
course, to “ bring down ” the digits which form 
the period, instead of bringing down O’s. 

Example 1. Divide. 12*06. by 37. 

37 ) 120*606060. . . ( 3*269623 Ans, 

96 


1*871796887 79 
*63,66466466 
1*2412.32323 


220 

356 

230 

86 

120 

9 


Explanation. We have 
to divide 12*0606 ... by 3*7, 
♦.c., 120*606... by 37. Pro- 
ceeding as in ordinary divi- 
sion, we find, after getting 
six figures of the quotient, 
that we obtain a remainder 


12. This, with the 0 brought 
down from the dividend, gives 120, and we have 
already divided 37 into 120, at the beginning of 
th^ work. In the first case, however, the division 
did not give a digit in the decimal part of the 
quotient, so we have to proceed one step further, 
obtaining 3 in the quotient and 9 remainder. It 
is clear that all the digits in the decimal part of 
the .quotient will now recur. Hence the answer 


is 3*269623. 

Example 2. Multiply 4*213 by 3*25. 

In multiplication by a whole number or by a 
terminating decimal, we write down the multi- 
plicand as far as the end of two periods, and 
then two places more, so as to “carry” the 
correct figure. Write the multiplier with its 
unit’s digit under the last digit of the second 
period, and proceed as in ordinary multiplication. 

Thus ; 


4*121312131^2 
3*26 
126396396 
8426426 
210 660 6* 
13*6fl^|942 | 

Or. 13-68^ Ant. 


N.B. It must be remem- 
bered that the last two 
places of the multiplicand 
are only used to enable us 
to carry the correct figure. 
Thus, in multiplying by 5, 
we say, five rs, 6 ; but 
we ^ mlhing daum. Then 
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Hve 2’s, 10, and again put nothing down; 
but we now know we must add-in the 1 carried, 
when we begin the multiplication of the period 
— five 3’s, 16, and 1, 16. This 6, accord- 
ing to the ordinary rule, would come under 
the multiplier 5, and is not needed in the 
above example. We proceed, five I’s, 5, and 1, 
6 ; which is the 6 marked * in the working. 
Again, if there are many digits in the multiplier, 
it may be necessary to fill in one or two more 
periods of each separate product before adding 
them together. Thus, in the above example, 
had there been many more lines of multiplication, 
we might have had to continue the 639 of the 
first lino, the 642 of the second, the 660 of the 
third, and so on, in order to find the period of 
the sum of all the lines. 

102. If the multiplier is a recurring decimal, 
we usually express it as a vulgar fraction. In 
some examples the work is simpler if we also 
express the multiplicand as a vulgar fraction, 
in which case wc proceed as in multiplication of 
fractions and then convert the result into a 
decimal. The student must use his judgment 
as to which method is best suited to any par- 
ticular example. 

The same remarks apply to division by a 
recurring decimal. 

Example 1. Multiply 3*142857 by *63. 

Here it is simpler to reduce both to vulgar 
fractions. 

For 3*142857 =3f 

and *63= gj 

2 \ 

Their product : = 2 Ans. 

Example 2. Divide 3*128 by 1*3. 

The divisor = It} = To divide by 

J we multiply by |. 

Thus; 

3* 12812.. • 

3 

4 )9*384 
2*346096 Ans. 

EXAMPLES 12 

1. Add together 3*1264+ *0083+ 10*9614. 

2., Find the valyo of 7*1234 - *0267 + 
3*64321 + 11*257- 9*36. ^ 

8. Express 2*26285714 as a vulgar fraction 
in its lowest terms. 

4. Express £16 13s. 7id. as the decimal of 
£99 fis. 3Jd. 

5, ^Find the value of *13^ of £7 148. lid. - 
*0264 of £6 Os. 3|d. 

, 6 . Simplify, giving the answer as a decimal, 
73of H34of 12 . 

7. Show that the decimals equivalent to 

h arranged in a square so 

that the sum of each row, of each column, and 
each diagonal. Is the same. 

8 . Find the greatest decimal fraction which, 
when divided into *136 and into *o2, gives a 
whole number quotient in each case. 


9. A warehouse consist of three fioors ; 
the rent of each floor is *M of the rent of the 
floor below ; that of the top-floor is £51 6s. 
What is the rent of the ground floor ? 

10. A train puts down *^846 15 of its passengers 
at its first stop, and 57 people at its second stop. 
It now has J of the original number left. How 
many passengers were there when the train 
started ? 

PRACTICE 

103. Practice is a convenient method by which 
we find the value of any quantity when we know 
the value of one of the units in terms of which 
the quantity is expressed. 

In simple practice we have to find the value 
of a simple quantity ; in compound practice, the 
value of a compourtd quantity. 

The method is as follows : 

In simple practice we break up the value of a 
single unit into component parts, each of which 
measures [see Art. 57] one of the preceding 
component parts. It is then easy to obtain 
the value of the given quantity when the value 
of a unit is each of these component parts, in 
turn ; after which, we add the several results. 

In compound practice wo break up the given 
compound quantity into components in the 
same way, and, after finding the value of each 
component, we add the results. 

Such components are called aliquot parts. 
Tims, an aliquot part of a quantity is a part 
which measures that quantity, and therefore 
it is a fraction of the quantity whose numerator 
is 1. 

Examples. 

3s. 4d. is an aliquot part of £1, since 3s. 4d. 
= i of £1. 

14 lb. is an aliquot part of I cwt., since 14 lb. 
s= J of 1 cwt. 

104. A few examples will make the method 
clear. 

Example 1. Find the value of 3128 tons at 
£1 8s. 6d. per ton. 

Here we have a simple quantity, viz., 3128 tons, 
and we are given the value of a unit. 

The work is arranged thus : 

£ 8. d. 

5s. = } of £1 3128 0 0 =: cost at £1 per ton 
38. 4d.- 1 of £1 782 0 0=^ „ 6.s. „ 

2d. = ^Vof3s.4d. 621 6 8= „ 3s.4d. „ 

26 1 4 = „ 2d. „ 

4457 8 0 Ans . 

Explanation. The cost of 3128 tons at £1 
per ton is evidently £3128. Next, 6s. = of £1, 
and therefore the cost at 5s. a ton will bo one 
quarter of the cost at £1, so that wo obtain 
the cost at 58. by dividing £3128 by 4. Again, 
?8. 4d. = J of £1, therefore, divide the cost at 
£1 by 6 to obtain the cost at 3s. 4d. Similarly, 
since 2d. = ^ of 3s. 4d., we divide the cost at 
38. 4d. by 20 to obtain the cost at 2d. Finally, 
we add the several costs, viz., at £1, at 5s., at 
38. 4d., and at 2d. to obtain the cost at £1 8s. fid. 

Example 2. Find the cost of 7692J articles 
at £3 16 b. 4id. each. 
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£ 

ft. 

d. 


lOs. = ’ of £1| 7692 

1 

5 

0=r 

3 

cost at £1 each 

23076 15 

1) = 

. £3 „ 

5s. = }, of 10s. 3846 

2 

6 = 

10s. „ 

Is. .3d. -1 of 5s. 1923 

1 

3- 

5s. „ 

lid. ls.;)d. 480 15 


. Is. 3d. „ 

48 

1 

VJ4 

Ud 


£|29374 15' 7i Amt. 


* In dividing the previous line by 10, we 
c>btain 3d. remainder from the pence. This, 
with the ^d. makes and -i- 10 -- }g ~ gd. 

Sometimes the work is considerably shortened 
if we suhtraci one or more aliquot parts, as in the 
next example. 

Example 8. Find the cost of 107 things at 
£17 178. lO^d. each. 

Here, the value of each article is 28. 1 Jd. short 
of £18. We find the cost at £18, and subtract 
the cost at 28. 1 id. 



£ 

s. 



2s. = 

: s^of £li 107 

0 

= cost 

at £1 


i 321 

0 




1926 

0 

TT = 

£18 

il 

of 2s. 10 

14 

o" .. 

2s. 


13 

.1 

IJd. 


tIioiT 

12 

74 /ln.v.‘ 



♦ Subtract the two lines from £1026 by the 
method of Art. 43. 


Example 4. Find the cost of 4 tons 12 cwt. 
80 lb, at £3 15s. per ton. 


£ s. 

10 cwt. = i of 1 ton 3 15 


2 cwt. = 1 of 10 cwt.j 
701b. = A of 10 cwt. 
10 lb. = 4 of 70 lb. 


15 


£17 7 


d. 

0 

4 

0" 

6 

6 


- cost of 1 ton 

,, 4 tons 

„ 10 cwt. 

- -- 2 OAVt. 

- „ 70 lb. 

10 lb. 


84 Ans. 


Example 6. Find the cost of 15 miles 6 fur. 
200 yd. at £31 6s. 8d. per mile. 

Here 240 yd. more would make 16 miles. 
Pherefore, we have : 

£ d. 

1 60 yd. = of I mik 31 8 = cost of 1 mile 

__ 4 
125 ' 6 H 
4 

isoi ‘8 „ 16 miles 

80 yd. = J of 160yd. llj „ 160yd. 

I .. 80yd. 

By subtraction £ 407 1 2|^v Ans. 

EXAMPLES 13 

1. Find the cost of 3256 head of cattle at 
£14 178. ICd. per head. 

2. Find the value of 729J dozen walking-sticks 
at £3 4s. 7id. per dozen. 

8, What will it cost to fence 6 fur. 72 yd. at 
£3 15s. a furlong ? 


1200 


4. A bankrupt pays 14s. 5id. in the £. How 
much will a creditor receive to whom the bank- 
rupt owed £743 10s. ? 

5. Find the value of 743*875 oz. of silver at- 
2s. 8d. per oz. 

6. Find in £ s. d. the value of 32*8625 of 
£3 11^. 4d. 

7. What will be the rent of 5 ac. 6 sq. clr. 
at £4 2s. ( d. per aero ? 

8. Find the cost of 33 miles 5 fur. 180 yd. 
of telegraph wire, at £12 13vS. Cd. per mile. 

9. What is the value of 1 ton 15 cwt. 91 lb. 
at £1*4625 per cwt. ? 

10. Find the cost of 1 a. 3215 sq. yd. at 
23. 2.1 d. per .sq. ft. 

11. Find, by Practice, the value of 2214 times 
£1 11s. 4Jd. 

12. Fii.id the cost of constructing 5 mis. 5 
fur. 10 chains of road, at £2376 per mile. 


Answers to Arithmetic 

Example.s 12 

1. 14(m6}.5!)44i. 

2. 21-92 *16 - 9-;i89:*l 12-53429t. 

3. 2*25285714 - 2*25 f ‘00285714 = 21 f ygij 

=2m. 

4. Reduce both sums to halfpence. Then, 

required fraction 7527 47671 = 

= 1.57894736842105263. (Apply Art. 96 (3) 
to obtain the la 4/ nine digits of the period.) 

6. *136 of £7 14s. lid. - •02M of £6 Os. 3Jd. 
= of £7 14s. lid. - of £6 Os. SJcl. 
= £1 Is. lid. - 38. OJd. = 18s. OJd. 

6. *73 of 1•L^34 of 12 = H of 14*810 ^ 11 

X *9873 10*86li 

7. » = *285714; 1 = *142857; = *428571; 

f = *571428 ; *J = *857142 ; f = 714285. Write 
the decimals under one another in this order. 


8. *136 *82 - 5!?;, Reduce these 

fractions to their least common denominator, 
obtaining and The required greatest 

divisor will have 9900 denominator, and the 
H.C.F. of 1353 and 8200 for numerator. 

Ans. = = OWi 

9900 

9. *81 = Ul = . Hence, the rent of each 

floor is of the rent of the floor above. 
.*. ground floor rent = x ^ x £51 6s. 
= £76 12s. 8d. 


10. *384615 = /b- Hence, (1 - - 1) of the 

original number is 57. Or 57 passengers = 
of the original number. 

52 

Original number = ’ x 67 = 166. 


Exami-i.es 13 

7 . £23 2s. 


1. £48487 6s. 4d. 

2. £2357 38. lljd. 

3. £23 148. 6V,d. 

4. £537 98. OJd. 

6. £09 3s. 8d. 

6. £117 4s. 2[%d. 


8. £427 98. 10 Ad. 

9. £52 78. 6^d. 
19. £8004 13s. IJd- 

11. 1^3 48. 3d. 

12. (^572.' 18b. 
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WHAT SEVENPENCE WILL BUY FOR YOU 

No other magazine surveys the field of human knowledge so widely as the Children’s Magazine. 
In language that reads like a story, the things that all should know are told by men who believe 
in the purpose of Nature, and in the universal brotherhood of Life. Here is a brief analysis of the 

CONTENTS OF ONE ISSUE OF THE CHILDREN’S MAGAZINE 


The Long Ago 

MAdMMCKNCE OF THE ANCIKN’T WORLI*. ^VIlat Romo W.IS 
like in its piontiuss ; its 4r)(),()(M) nnirijlo ('olimins. 

THE IlRST HOME OF MAN. A JX't'p into tho Wolltl tn-folo 
liistoiy — bow man inadr his home in a cavn. 

THE LOST CONTINENT. Aro WO (ill the ('VO (if Andinu it? 

WHEN THEKE WERE NO HOOKS. How stories and songs 
wcie spri’ad ahont the world before th(i days of Ijooks. 

NEW MNEVniS AND HAHYLONS. Laying the foundations 
of nciv piospeiity on the sites of tliese old empires. 

Nature 

THE MAliVEiiLors POWER OF SCNSHINE. The "horse- 
power ” that beats down ii])on our streets and runs to waste. 

NEW KINDS OF T.iviNO THINGS. How do tliey eoiue into 
the world ? Which came first ~t lie lien or tlie egg ? 

THE ni.oOM ON A GiiAPE. Wliat tills Iii-aiiliful thing is. 

Countries 

AlivssiNlA. The rapture of King TiusMlore’s fortress. 

AMERICA. Making tlie I’anaina Canal. 

HKiTiSH LSiiES. New maps fioni wliicli lioys and giils can 
easily trace their nay about. 

FRANCE. How tile Freneli people changed tlieir time. 

GERMANY. 'I’Ik' ininil of (iocllic. The miisie of Ha(di. 
Sloiies of the R-'iine. 

INDIA. Exciting adventures with wild animals in India. 

ITALY, What Itouie is lik(‘, with impn'ssive pictures. 

MANCHVRIA. Lil(‘ in a plague-stricken land; a iieople 
sei/A'ti vitli teiniP. 

lU ssiA. The jut. lire uf Russian freedom, 

Ti RKi;v. What scienee is doing for a Ihble land. 

Literature 

STORY OF ENGLISH HooKS. How English literature lu'gaii : 
llie beginning of a new sci ies. 

LI:geNI'S of the RHINE, Sloiies oi the great waterway ol 
Europe in tin* Middli' Ages. 

AVH VT GOETHE Tiioi OUT. ( iei many’s greate.d thinki'r. 

THE i,oVK-ST()RV OF THE Molii-D. I’lie stoiy ol Ciipid and 
rsyehe lieaiititully tol*l. 

ROHERT HUOUNING. I.eadiiig ideas from ids pocius. 

I’OETUY LESSONS. Eiglit go'at poems, wiHi ini ro«liict ions. 


A NATION’S RISE FROM SI- \ VERY. Jubilee of Riis.^iaii freedom 

A 1*IN-1MU(’K IN THE HISTORY OF THE- WORLD. A Strange 
example of liow little tilings eliange lii.stoiy. 

THE COMING OF CHIUSTI VN ITY. 

HRHAK-n* OF nafoleon's POWER. Tlic dramatic story 
of Nel.son’s imisijit- and deleat of Napoleon. 

Physics 

CAN ANYTHING GET FUEE, OF GRAVITATION ? HoW i.H it 
that coal gas can csc.-ipe Irom the (‘artli ? 

WHY SOME THINGS HEND AND OTHERS HKKAK. Simplo 
suggestions about this. 

DOES ENERGY DIE AWAY? What la'cmucs of the energy 
spent in kicking a fooliiail. 

THE MAHVEi-Loi’S I’OWE.R OF GAS. How ail airsliij) houiieed 
like a ball at sea. 

Invention and Achievement 

Vl-YINO. Talking from an airship; tlie Hist Aight over a 

besieged city. 

now SCIENCE HEM'S JCSTICE. A iicw discoveiy of great 
value ill delecting liuman iiloodstaiiis. 

SHALL ME TALK TO ANYWHERE ? TllC niliazillg proglCSS 
of the telegra])h and (ele])liono — speaking witliont wires. 

MEASEKIXG DISTANCE. A iiow power for tlic camera. 

HOW MEN REMOVE MorNTVivs. Tlio methods of oxeavatiiig 
tlie bed in wliieli the Atlantic and I’aeillc Oei'ans will meet. 

Travel 

A RIDE TO TOWN, 'I’he joy of it to a man with his eyes ojieii. 

HOW A SHIF GOES ui’STMiis. A simple n.NplaiKition of the 
loeks of the ranama (’.iiial, where the ship.s clinih a lieight 
of so feet and down again, 

THE EFFECT (IE JOINING TWO OCEANS. HoW the t’aiiaiiia 
(‘anal will .'shorten ili>tanee lor travellers. 

Chemistry 

Tin: coi-oi RS IN THE MKE. Hn\v tie y jiic mad''. 

WILL THE LAST MAN G\S1‘ EoR \IR ? It luiS long been 
thoiigiit that ovygi'ii will be used up Why this is not so. 

WHY IS A ROSE- Rl'.D ? I’lii' (piestion ol colour in Uowers. 

Biography 

LIIL-STOUY OF I-ORP NEI-SON Wli.il he did for Kllghuid. 


Animal Life 

MAN AND THE HEIST SINGI.E-HANDET*. Wll.'lf happens 
when a man meets a li'Mi, .Man’s triumph cNcr wild en’at ion 

A M'.w FACT AUDIT MSIIKS. JloW' tlioy I'-.II the sUb- 
maiiiie, and si mu* eimM’iiuouees. 

A HENDRED .MIM.lnN I-MiYIUUDS. H"W tWi» men ;we to 
catch them last a^iei'ii. ami what they will do wiib them. 

THE HMHTS OE AMMM-S. M:my (Ai ililig sDnies throw lllg 
light on the nature ami life of aiiiiiials. 

Sociology 

THE v\ME- OF \ DAY’S AS'oMK. The loss involved by a 
day's sii kness in the United Kingdom. 

THE SECRECY OF THE HILLOT. Wlial liappi’IIS to tlie voles 
after a geiiei;il eb'ction. 

HOW SMOKE REINS A CITY. Its terrible elfoet on lifi* and 
trade and pioiieity in l-uiuloii. 

Astronomy 

EARTH AND SEX. W CIO lin y always IM million miles aAvay ? 

WHY THE CLOCKS WERE STOFl'ED IN FRANCE. Ilow 
Franeii adopted English time. 

8RY I'HOTOGRAi'HS. A neweaiiieia which iiieasnres distance. 

Good Counsel 

THE HIGH DIGNITY OE LAHOEK. 'J’he valuc of all true work. 

THE WE.AiilNESS OP polNO NOTHING. A tale showing how 
painful doing nothing is. 

NOTHING IS iMi'ossiHi.E. heautifiil story showing how 
a tiling we think impos.s4hle is just a little uLyuiui ns. 

^History 


THE MEN WHO 
toricft. Bedoand 




Physiology and Health 

A IKd SK THIT HI If-DS ITSI'LE. The body as a ]lOHS(^ 

AMI VT HAI'I'I.NS WHEN W K HUEATHi; A lieW iliseovciy 
in the M'ieiiet* of breiifliiiig. 

IS THE. HLooD AklMI ? Til'* millions of living cells in it 

'1 ill. Rr( oRD ol 1 ICE Ol' A 111 MIN LIFE. s1 udy of iiiemol y 
-as a >y-l(MU, with millions oi i igemi-boie.'. in wlueli facts and 
tbmi'jlits are htoied. 

liRST AID. A lesson in stopping lileeiling. 

Tin: WORK OF THE HR UN. Ilow 111-* miud coiitrols tlie 
amazing maebineiy ot the Iniiiian body. 

l insH \l- DklLL. .\ gymnastic exercise for ;i boy 

Observation Lessons 

Wind the little lliigi'i’-posi s i>ii tin* r.ailway mean. Wliy a 
g;i''-iing has an aii-iiole. Why metals .'.nm'tmie.s hang on 
Telegiaph wires. NMiy a pieee ot lieatlier i,> sometimes lied 
to a lem-e. The im aiiing "I La-li'r egg^ ami bol eioss Iuiim. 
'I'weniy pietuies <.i |)irts of thing-- we all know, testing tin.* 
powci "l ident ilie.'U ion and u*ei.g.iii ion. 

Miscellaneous Subjects 

A I-ITI LE- I'LVY ** The Se.Ui ll lor U ll.lppy Moit,ll. 

HANDKRUT.s. Making a .l;ieob’( l.id'ler Iroiii paper; 

making a e«»ver for a dressjmr. table 

1 REN(’ii. ,\ unii|iii' stoiy-diet ioiiary. witli Ltiglisii and 
Fieiieli in p;ir.illi'l coliim is, a'l I a 'lietioiniiy. 

MESIC. What to lemeiid'er wbeii listening to Jlach. A 
new song witli mu-ie. 

DUXWING. How to draw wbaf. we .s(*e Lessons in draw- 
ing by out* of Hie best, teachers jii KnglamL . , 

lESSONS Fon VKHV voi N't riiii.i'HEN. As'm laWf, 

with ''ol'iiD pii'tiires; ongma' A'lo 


f\\) LEARNING. Life in the inonas- 
: f su'dmon and ids Songof rreatioii. 

-_.je Children’s Maeaxine, with which a children’s 
^^ftewspaper is given away free each month, is 


iVliyiues and ’I'ales 


THE SIMPLEST BOOK OF KNOWLEDGE EVER WRITTEN 



THE ^ NE FOR ALL AT HQMil 


The Children’s Magazine is the most famous educational magazine in the world. It 
is loved as much by teachers as by children. It is probable that no other book published 
for boys and girls has ever been so much read by people of all ages. 

And the reason is plain, for the Children’s Magazine- so named not because it is childisli, 
i||>ut because a child can understand it - tells the story of all things under the sun in the 
plainest words that can be written. It look-out upon the world and sees the wonder of 
a common thing. It looks back into the past and sees the things that were making 
the present ; it looks out upon the present and sees tlie things that arc making the future ; 
it looks out into the future with faith and hope, as a man witJi a vision. It has in, its 
pages, from beginning to end, the faith of the men who have made the Self-Educator. 

It covers the whole realm of knowledge ; it embraces history, literature, Nature, 
biography, stories, poetry, travel, and science. In its pages live in all times and places. 
Kven its stories, while stirring the imagination, serve a purjiose in shaping the mind. 

No wonder the children love this magazine, that poor ( hildn’ii save th(‘ir hallpcnni(‘s 
to buy it, that playful children give up their playtime to read it, that in a school in New 
Zealand childn'ii come lialf an h<uir before sclioohtime to look at its ])ictures. More 
than 10,000 children have sent their portraits to the editor. We do not wonder that this 
great children’s hook has gone all over the world, nor do we wonder that fathers and 
mothers are as interested in it as the children. It makes a man wish he were a boy again. 
It makes every lover of children wish it were cIkn)]) enongli for evia v child to ])()ssess. 

Whatever else they may or may not have done, the makers of this book have put into 
it all that we mean by personality. Nothing is stale or dull ; everything is striking and 
picturesque. There are picfiirt'S liere wliicli make m\s(erious tilings setan ])lain, and 
make commonplace' things seem romantir. 

It would be possible to fill a book as big as the Bible with the rem^'lkablc letters this maga/ine 
has brought from educators and parents and eliildrcn in all countries, hut there isroom for only a few. 


Each one of the children of her Majesty the 
Queen is delighted with it and glad to possess it. 

Authorised by Queen Mary. 

The Chil<lrcirs Magazine is a inarva'l, ainl I am 
not ashamed to say 1 can read it with profit an<l 
pleasure even now. Nicliard Wlnteniif. 

A useful guide to adult students, and a pleasure 
to the most cultured scholar. Sir Henjamin Stone. 

Kvery parent, (. veiy n-aclK i', eveiy clergyman 
will use it in education. Sir W’llluiin Tnloiir. 

I like it very much. My boy likes it still more. 
Professor Osier. 

It makes an irresistible appeal to all the dawn- 
ing faculties of cliildhood. Sir J. Crirhton-lirounie. 

Probably the most deiightfid publication t:ver 
is.sued from Ihi.* Bress. Sir Ih i/ry liurdett. 

I predict for it a great and useful future, and an 
assured position as a household word wherever 
English family life is to be^found. Archdeacfni of 
Monmouth. 

The best possible educator since the iliscovery 
of printing. C. Pae, J.P., Nu>isuu, liahamas. 


It should be in every school library, and in 
every home wliere there are cliiidn n. H. PietrJicr, 
Department of Education, Manitoba. 

A boy of 1 welv(' is finding it very attractive, and 
the 'grown up members ot the household are not 
disposed to allow liim to monopolise it. Emm 
the Dean of Ely. 

The best production ever presented to the world 
for the education of children. F. W. Fit.'simmons, 
Director, l\)yt Elirabeth Museum. 

Worth all the other children’s books and toys 
]>nt togidher. Poard of Education Official. 

You have hit the right nail on the head. Professor 
Sims Wood head, Cambridge. 

Tlie very thing I wanted when my bairns were 
little. Mrs. Ormiston Chant. 

If you keep to your high promise, you are likely 
to have more effect on the education of the nation 
than many Acts of Parliament. Benjamin Kidd. 


THE CHILDREN'S MACAZIHE, LYIHC WITH THE EDHCATOH ON THE BOOKSTALL, IS 

THE BEST THING IN THE WORLD THAT SEVENPENGE CAN BUY 

i*jr]uT*~<r:ind~pubikh<.‘(l fortniKlitly l)y the I’roMriotors, I lie Ainalnaiiwtcd Prfrss, I.imited. The w :»yHousc, 1 wTin k.i j St reet. Lorn l(»n.”Tr( ’ 

AuatVAJla: liordon & Gotch, Melbourne, Sydney, Adelaule, Brisbane, Welliiiifton, N.Z. S. Africa t Central News Airency, Ltd., Caiie Tow 
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Double the Value 
of this Work 

livery day you delay binding your parts of the 
Self-Kducator they deteriorate, and that is the last 
thing you want to happen, for such a valuable work 
of reference, which you will want to turn to fre- 
quently, should be guarded and kept with the utmr)st 
care. And the only way to do that is to bind 
your parts, and the best way to bind them is in the 
publishers’ cases, which can be obtained in two styles : 


Handsome 0 % 1 

Durable ■ 

f 1 - 

Half-Leather mb 1 

Full Cloth 

■r 


Postage 3d. Extra in the United Kingdom. 

No other cases arc so artistic or give your volumes 
so much distinction. Nor do any others wear so 
well. The publishers order these cases in large 
quantities, and therefore ofter them at a much lower 
price than would otherwise be possible. Bind your volume 
now. It will double the value of the book to you. 


IMPORTANT 

The SELF - EDUCATOR 
should be bound only in the 
publishers* covers, which 
are not only the cheapest 
and best, but are specially 
designed to make reference 
easy. The choice of othe/ 
covers leads to frequent con- 
fusion and disappointment. 



The Half-Leather Binding -2s. 6d. ' 
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dROUP 1-SUCCESS • THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 10 


Shall Inclination or Circumstances Dictate ? 

Average Talent to Succeed Must Do Something New 

THE CHOICE OF A LIFE’S WORK 


T he choosing of a career is not regarded 
so seriously nowadays as it was in the 
eighteenth century and well towards the end 
of the nineteenth. All who are interested in 
the welfare of our people will agree with me 
in describing this as an unfortunate feature 
of the social life of our time ; for the result 
is becoming painfully evident in the number 
of young people one observes who are but 
indifferently equipped for their life-work. 
While general education h^is greatly 
advanced, it has not been so with the 
systematic study of individual tastes and 
qualifications in their application to the 
serious business of life. 

For the professions, it is true, there is 
to be noted a more thorough system of 
preliminary training than in the past. 
One has only to instance the modern 
doctor to illustrate this. Beyond all 
question, he or she — for no longer is it a 
profession of one sex — is better educated 
than the doctor has been at any period 
in the history of society. But 1 am per- 
suaded that we arc^ unable to take so 
desirable a view of the crafts, and 1 
venture to doubt if sufficient attention is 
devoted to the training for and choice of 
a career in any of our great national trades. 
The practical abolition of the old system 
of apprenticeship is, in the judgment of 
many shrewd observers, a misfortune. 

Naturally, the prime factor in the choice 
of any career should be personal taSte, 
inclination. But, unhappily, we have 
only to look around us to realise how fre- 
quently the natural inclination is ignored. 
The world is full of round pegs in square 
holes. Who does not know the man who 
might have been a capable engineer 
but is frittering his life away as an inferior 
clerk, doing work he detests ? The engi- 
neer who might have been the organiser 
of a great warehouse ; the lady typist 
who might have been a successful sales- 
woman, instead of an incompetent 
correspondent ; the governess who would 
have made a clever typist and business 
woman — who is not familiar with such 
as these, round pegs in square holes ? 
Occasionally one finds men who, in 


later life, have boldly broken away from 
servitude in occupations they had under- 
taken in error, or by force of circumstances, 
and have achieved success in their true 
vocations. Thus it is that instances of 
success in middle age and later life are by 
no means rare. But, of course, there are 
occasions when it may be wise for a person 
not to follow the bent of natural inclination 
and to join loyally in maintaining a busi- 
ness that has perhaps been long identified 
with his family. Indeed, there is so much 
room in the- world for people of average 
talent to apply themselves profitably that 
it might, for instance, be advisable in the 
case of a young man whose father was a 
prosperous local practitioner to follow in 
his father’s footsteps. 

Heredity, undoubtedly, counts for some- 
thing in the choice of a career, and often 
goes hand in hand with natural inclina- 
tion. One thinks of families of successful 
statesmen, like the Cecils ; of lawyers, like 
the Pollocks ; and one remembers the two 
Pitts in statesmanship, the Stephensons 
in engineering. In other walks of life 
there are whole families of mechanics, 
carpenters, builders, and the like, known 
to most of us. In this connection, it is 
worthy of remark that one of the great 
difficulties which our American cousins 
have not been able to surmount in their 
efforts to wrest the cotton-spinning in- 
dustry from us is the fact that they do not 
possess generations of trained workpeople 
such as we have in Lancashire. 

Since there is no rule without its 
exceptions, one must not dare to dogma- 
tise on this matter of heredity ; but it is 
sufficiently clear that the volume of 
evidence in its behalf is so formidable 
that in the choice of a career it is a factor 
not to be ignored. There are times when 
it is well deliberately to disregard it — 
never to ignore it— but more often, by 
one of those curiouj traits of character 
which make the study of human beings so 
deeply interesting, sons revolt against the 
occupations of their fathers (piite without 
adequate reason ; and too frequently 
this leads to emigration. Now,, in my 
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judgment, emigration is nearly always 
implied confession of failure. 

We must, however, make an exception 
in the case of agricultural workers, for 
whom there is always a fair field beyond 
the seas. But the result of considerable 
personal investigation into colonial con- 
ditions in many parts of the empire has 
persuaded me that the man who succeeds 
in the colonics might, with equal effort, 
fare as well at home. I do not believe 
that the United Kingdom is overcrowded 
with people. Belgium has no greater 
facilities for industry than are to be found 
in our own land, and her population of oyer 
7,000,000 people to 11,000 square miles 
brings Belgium not very far short of being 
twice as densely inhabited as the United 
Kingdom ; yet it is true that the working 
classes of Belgium are among the most 
prosperous in Europe, in some respects 
being even better conditioned than our 
own working-classes. 

A general fault in the choice of one’s 
life-work is to follow blindly in the foot- 
steps of some trade which, once proiitable, 
may have ceased to be so ; if not in im- 
minent danger of extinction. Within the 
last few years, incredible though it may 
sound to those familiar with the unhappy 
conditions of the trade, 1 have met people 
learning wood-engraving ; an occupation 
practically — and I regret to think so — 
dead. They had been articled to some 
wood-engraver by their parents, who had 
not taken the trouble to find out that this 
class of engraving was being superseded, 
has long been superseded, by the many 
cheaper and vastly quicker processes of 
photo-etching. 

Thus far, I have referred mainly to 
occupations in which a reward in money 
is the first consideration, though that may 
be allied to genuine pleasure in the work. 
Of course, there arc occupations in 
which the earning of money is not esteemed 
of prime importance. Those who ap- 
proach music, painting, sculpture, litera- 
ture, mainly with the idea of accumulating 
money thereby are not likely to succeed 
in their ambition. But it may be said of 
these pursuits that^ followed profession- 
ally, they are affording to their professors 
increasing returns in the material rewards 
x)f life ; while not less today than in 
times past do they minister to the highest 
and best that is in mankind. One is often 
asked, Who buys the modern pictures, 
and what becomes of the musicians ? 
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Well, there are more painters and music- 
ians today in England than at any other 
time, and I do not find, on looking at the 
official reports of bankruptcies, that the 
arts are more dangerous* than commercial 
occupations to those who engage in them. 

Having chosen an occupation in life, 
one has next to consider a no less difficult 
question — the means of obtaining success. 
In some measure good fortune is possible 
to anyone who is blessed with health. 
For although all cannot be equally pros- 
perous in their affairs, everyone can make 
some kind of mark. But not by travelling 
the old roads. 

Education all the world over — I do not 
say the best education, but the kind of 
education that makes money— is increas- 
ing. As a result, brains work more rapidly, 
though perhaps not so thoroughly as they 
did in the past. In every direction we 
observe that men of active minds arc 
breaking away from tradition and making 
fortunes by their boldness ; in many cases 
they are doing this by actual reversal of 
the policy of their forefathers. 

It is not, in my opiniqn — and I base my 
statement on knowledge of successful men 
in many lands — the young man who seeks 
an appointment in an old-fashioned busi- 
ness, and settles down doggedly to the 
humdrum, plodding work of doing his duty 
and observing precedent, who attains, 
even in the long run, to competency, far 
less to fortune. There are thousands of 
men in this and in every land who are 
hoping to make fortunes that way, and 
who never will. It is the man who goes 
into the shop, and, out of his own re- 
sourcefulness, his open and nimble mind, 
shows his employer how to sell new kinds 
of goods in new kinds of ways, that eventu- 
ally becomes strong enough to enforce his 
demands to a share of that shop or some 
other shop. The new thing and the new 
way ; or the old thing in a new way— 
either means success if there is persistent 
concentration behind. 

But this young man must be well in 
body all the time, so that his mind may be 
free to devote itself to that prime secret of 
success— cowcewfrafiow. Forttines come to 
audacious gamblers now and then, and 
such rare but disastrous examples do, I 
know, disturb the minds of young men : 
for every venture in life has, it must be 
admitted, at least some slight element of 
gambling. But, after all, concentration of 
purpose is the backbone of all success in the 
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world, be it* that of the poet or of the pork- optimism persuaded individual after 

packer. He who has cultivated the habit individual, and then nation after nation, 

of concentration looks round every propo- that the lliing could and should be 

sition so thoroughly that he may be said done, and it was done, despite the Ixdief of 

to have, so far as is humanly possible, great engineers that the task was impos- 

eliminated therefrom every element of risk sible. His career is an ideal one to study 

that a man can suppress. The gambler is from the point of view of those who seek 

not only beset by risks, but seeks them ; success. He may be said to have done an 

and the fate of the deliberate gambler in old thing in a new way for had not the 



THE GREAT BELT OF SAND FROM PORT SAID TO SUEZ, WHICH THE INDOMITABLE COURAGE OF 
ONE MAN TRANSFORMED INTO A HIGHWAY OF THE WORLD’S COMMERCE 


business is usually as dismal as that of the Ptolemies done it two thousand years 
gambler in “ play.” before ? — and he had concentrated his 

Finally, after concentration has brought whole existence on it. 
about the initial success, optimism of Let my last word strike this note of 
temperament is necessary. It does much optimism, enthusiasm once more. Of 
to carry with it those who are around one, nothing am 1 more firmly persuaded than 
associated in a common enterprise, and it that our own temperament is sure to help 
brings with it that leadership which is so or hinder us in the* struggle for success, 
essential to success in every walk of life. To be nervously apprehensive of failure is 
When Ferdinand de Lesseps began to talk literally to invite failure ; but to be confi- 
of cutting the Suez Canal, no one believed dent of success, or at any rate reasonably 
him, and, as a matter of fact, he was, hopeful and determined not to contemplate 
as he himself confessed, on the wrong the reverse, is already to have won half the 
track at first. But gradually his forceful battle. NORIHCLIFFE 
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VORTELET BAY, JERSEY, ONE OF THE EXQUISITE CHANNEL ISLANDS 
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ISLANDS IN THE UPPER LAKE OF KILLABNEY, IRELAND 


6R0UP 2-fiEOQRAPHY AND TRAVEL * A SURVEY OF THE EARTH-CHAPTER 10 


Physical Features. Growing Prosperity. Ulster and its Industries. Kerry 
Mountains and Lakes of Kiilarney. Isle of Man. Channel Islands. 


IRELAND 


In configuration Ireland is like a plate 
^ with a broken rim of mountains and a 
flat centre. On the east the rim is missing 
and the Midland Plain extends to the sea. 
Partly, perhaps, because of this arrange- 
ment of high and low land, much of Ireland 
is boggy, and lakes are numerous. A bog 
is something between land and water, 
made half-solid by dense, matted vegeta- 
tion, which is cut and dried to form peat 
or turf. As there is hardly any coal in 
Ireland, peat forms the only cheap fuel. 
When bogs occur on hillsides the weight 
of water occasionally loosens their foun- 
dations, and a bog slide causes widespread 
ruin. In the plain many have been 
drained, and then the land, as in the 
English Fens, is generally fertile. 

Ireland is not very populous. Owing to 
the absence of coal there is only one great 
industrial centre. The wet climate is not 
well suited for agriculture, but oats, 
barley, and potatoes are grown, the barley 
being malted, made into stout, and dis- 
tilled into whisky. The rains keep its 
meadows luxuriantly green, giving the 
country the name of the Emerald Isle. 
Dairy farming and stock raising in the 
lowlands provide butter, bacon, poultry, 
and eggs for export. Through co-opera- 
tion and more careful farming, the pros- 
perity of the farmers is increasing rapidly. 
In the highlands the soil is scanty and of 
poor quality, the climate wet and ‘raw, 
and the struggle for existence very hard. 
A. whole family, with its few ’domestic 
animals, is often crowded into a cottage 
of one room, standing in the midst of a 
barren moorland croft. In many districts 
Irish is still spoken. From these con- 
gested western districts the more capable 
still emigrate. 

Ireland is divided into Ulster in the 
north, the most prosperous region, with a 
large population of Scottish and Protestant 
descent ; Leinster in the south-east, 
Munster in the south-west, and Connaught 
in the west. It is also divided into 32 
counties. North of lat. 54° Ireland is 
mountainoas. The highlands are not 
continuous, as in Scotland or Northern 


England, but broken into separate masses. 
In the lowlands between we find the towns 
and the more prosperous part of the 
population. 

In the extreme west the Moy flows to 
Killala Hay, between the Nephin Beg and 
Slieve Gamph Mountains, with Ballina as 
the chief town. Between the Slieve 
Gamph and Sligo Mountains an arm of 
the Central Plain opens to Sligo Bay, on 
which is Sligo, a fishing centre. The Erne 
lowland, with its chain of lakes, the town 
of Enniskillen between Upper and Lower 
Lough Erne, and Ballyshannon on the 
estuary, opens to Donegal Bay, at the 
head of which is Donegal, between the 
Sligo and Donegal Mountains, both broad, 
high, barren, and poverty-stricken. 

The prosperous Foyle lowland lies 
between Tyrone Mountains on the south, 
the Donegal Mountains on the west, and the 
Sperrin Mountains on the east. Omagh, 
Strabane, Lifford, and Londonderry are 
engaged in shirt-making and distilling. 
Londonderry, on the Foyle estuary, exports 
butter, pork, bacon, cattle, and grain to 
Liverpool and Glasgow, and imports timber 
and coal. Moville is a port of call for 
Atlantic liners. Equally prosperous is the 
Bann lowland, between the Tyrone and 
Sperrin Mountains on the east, and the 
Antrim and Mourne Mountains on the west. 
In the south it is drained by the Blackwater 
and Bann to Lough Neagh, the largest lake 
in Britain. Monaghan, Armagh, an old ec- 
clesiastical centre, Dungannon, and Lurgan 
are the chief towns south of the lake, and 
north of it are Antrim and Ballymena. 
Lough Neagh is discharged by the Bann, 
with Coleraine as its port. The Antrim 
Plateau is of basalt, of which arc formed 
the wonderful columnar terraces of the 
Giant's Causeway, east of Portrush. An 
important gap l^tween the Antrim and 
Mourne Mountains, drained by the Lagan, 
has helped to makq Belfast prosperous by 
giving it easy land routes to the plain. 

Much more important is its situation 
on the coast, where coal can be cheaply 
obtained from the Ayrshire, Cumber- 
land, and Lancashire coalfields, and raw 
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materials from the Baltic ports. The linen 
rpanufacture from homo-grown and Baltic flax 
is very important. The damp climato favours 
spinning, and the watc^r has fino bleaching pro- 
})erti(js. The importance ot shirt-making in 
many Ulster towns is now explained. Hope- 
making from Baltic hemp employs many hands. 
Shipbuilding is carried on on a large scale, for 
the yards pay no rates and labour is cheap, 
n'obacco manufactures and distilling may also 
b(^ noted. Belfast, therefore, resembles the 


The Midland Plain. The Midland Plain 
contains much good agricultural and moadow- 
land, but also much bog. The groat Bog of 
Allen oecupies a largo part of King’s County and 
Kildare. The Shannon, the largest river of 
Ireland, rises less than 3(X) feet above the sea, and 
flows slowly across the plain, the whole centre of 
whicli is drained by it and its tributaries. In its 
upper course it expands into Lough Allen, 
south of which arc Leitrim and Carrick-on- 
Shannon. Below (.Garrick the Boyle enters from 


prosperous maiui- 
facturitig centres 
on the other side 
of the Irish Sea, 
hut it stands alone 
in Ireland. Car- 
ricktorgiis, on the 
nort h bank of 
Belfast Lough, 
has important 
fisheries'. Larne 
is the port for I ho 
Stranraer route 
across th(5 narrow 
North Channel. 
South of Belfast 
are Donagliadee, 
and Downiiatrick 
on Straiigford 
Lough. The 
granite Mourrio 
Mountains, rising 
to nearly I1(K)() 
feel, are much 
visited for their 
fine scenery. To 
the south is C^ar- 
lingford , Lough, 
north of which 
Nowry is built in 



the w^est, flowing 
through boggy 
country, with simi- 
lar lake-like expan- 
sions. The Slian- 
non continues of 
lake-like breadth • 
to Athlone, at tlio 
south of Lough 
Roe, always an 
import pjnt town, 
because the river 
is there narrow 
enough to )> e 
bridged. It is the 
])lace where the 
main line from, 
Dublin to Galway 
crosses the river. 
Below Athlone the 
Shannon exj)ands 
to l.<ough Derg, 
and then flows 
through tho gorge 
of Killaloe, be- 
tween tho Bornagh 
and Silver mi no 
MounlaiiLS, to its 
estuary, at tho 
head of which is 


tho gap leading THE LAKES OP KILLAIJNEY 

to Lough Neagh ; The liiglier the elevation, tho darker the shading 

Dundalk, on Dundalk Bay, an important trade, and some la 

railway centre uith locomotive works, ex[)orts Shannon basin th< 

provisions; and Greeium^ has regidar steamer of small rivers wli 

communication with Holyhead. and some to Loug 

West Highlands of Connaught. All Kasternirela 
the.se lowkimls arc connected with tho Midland numerous rivers fl 
Idain, which extends from the Irish Sea to tho largest is tlie Be 
mountains of Western Connaught. Those arc country rich in a 
known as the Nephin Beg Mountains in the ciations. Round 
north, and tho Connemara JMouiitaiiis, with are numerous, T! 

marble quarries, in the south, both rising to the ancient kings 

2500 Ihe coast rosemhlcs that of t he and legend. Droi 

VVost Highlands of Scotland, w ith many inlets, tiires linen and 

of which the largest is (dew Bay; they arc dairy produce of t 

soptiratctl by fine cliffs and headlands. The life also flowing into 

^ the peasantry is very similar to that of the picturesque Wick 

Highlanders, but even luu’der than theirs. Poor Dublin, tho capit 

gazing is ekal out by poor fishing, and cottage built at tho mouth 

industries. At the eastern base of the highlands ings are romarka 

18 a chain of lakes— Conn, Mask, and Corrib-at some fine streets 

tho edge of tho limestone xMidland Idain. Gal- important brewim 

way, south of Comb, at the head of Gahvay the capitals of En 

Bay, which would bo a flourishing port in a on the east coa 

riclier distnct, exports the dairy produce of the proximity to Euri 
bettor pastures, marble, and fish. island historv 


KiiA..A^^jEY Limerick, with a 

ho darker the shading large provision 

trade, and some lace manufactures. West of the 
Shannon basin the land is draincfl by a number 
of small rivers which flow some to Lough Mask 
and some to Lough Corrib. 

Eastern Ireland. East of the Shannon basin, 
numerous rivers flow east to the Irish Sea. The 
largest is tlie Boyne, which flows through a 
country rich in antiquities and historical asso- 
ciations. Round towers and sculptured crosses 
are numerous, Tara, near Navan, the seat of 
tho ancient kings of Ireland, is famous in song 
and legend. Drogheda, at the mouth, manufac- 
tures linen and exports tho agricultural and 
dairy produce of the eastern plain. The Liffey, 
also flowing into the Irish Sea, rises in the 
picturesque Wicklow Mountains to the south. 
Dublin, tho capital, on a magnifidbit bay, is 
built at tho mouth of the Jjiffoy. The surround- 
ings are remarkably beautiful, and there are 
some fine streets and buildings. Dublin has 
important brewing and other industries. Like 
the capitals of England and Scotland, Dublin is 
on the east coast, showing how important 
proximity to Europe has been throughout our 
island history. 





GROUP 2— GEOGRAPHY 


Southern Highlands of Leinster 
and Munster. South ot a lino drawn 
from Galway Bay to Dublin Bay, Ireland is 
again mountainous. As in the north, lowlands 
break the mountains up into separate masses, 
many of which are higher and more extonsive 
than those of Ulster. The lower course of the 
Shannon lies in the highlcind region, and has 
already been described. East of thc^ Slievc 
Bloom and Silvermine Mountains, which form 
its eastern margin, is the lowland drained by 
the Suir-Nore-Barrow. The Barrow— the main 
river — is formed by streams from the Slievc 
Bloom and the Bog of Allen, and flows due south 
between the Wicklow and Wexford Mountains 
on the east, and the mountains of Kilkennv on 
the west. The Nore, also from the Slieve 
Bloom, Hows through past Kilkenny, parallel to 
the Barrow, but separated from it by hilly but 
good agricultural and grazing country. Anthra- 
cite coal is worked near (^i-tlecomer ; marbl(% 
lead, and otluT minerals near Kilkenny. The 
Suir, from the Silvermine Blount ains, first flows 
south, but is turned east by the spurs of the 
Knockmealdown Mountains, ami tlows ])ast 
(Monmel and (.^arrick between mountains rising 
to 260(3 feet. It enters the Barrow at Water- 
ford, at the head of Waterford harbour, which 
exports dairy produce and provisions. 

East of this lowland are the Wicklow Moun- 
tains, with magnificent peak, valley, glen and 
lake scenery. Of many lovely vales, that of 
Avoca is the most famous, nith Arklow at its 
mouth. Lead ore is exjmrted from Wicklow. 
The southern slopes are drained by the Slaney. 
flowing to AVexford harbour, where Wc'xford 
exports agricultural produce ; and Jlosslarc is 
the port for Fishguard. 

West of the Suir-Nore-Barrow louland, the 
Slieve Bloom, Silv^ermine, and Knockmealdown 
Mountains form a nearly continuous belt of 
highlands. The rivers no longCT run north and 
^outh in broad vales, but east and w(*st. in long, 
parallel valleys, which widen into lowlands at 
the mouths. The Black water Hoas along the 
northern base of the Boggcragli Mountains past 
Mallow and Lismore, and turns abni})tly south 
to Youghal Bay, whence Youghal, with salmon 
fisheries, exports its agricultural and dairy pro- 
duce. The Lee, coming down from the Keriy 
Mountains, flows east to Uork harbour, which 
opens to the south, and the Bandoii in a j)arallel 
valley flows through similar mountain .scemuy. 
turning south-east to Kiiisalo harbour. Many 
of the fine natural harbours of southern Ireland 
are spoilt by bars at 1 heir months. Cork is one of 
the finest in the world, and eoiila hold our entire 
Navy. It contains many islands, on one of w hich 
»8 Queenstown, where .Atlantic liners call for 
mails and passengers. Distilling, brewing, bacon 
eunng, tanning, glovemaking, and some woollen 
manufactures are carried on at Cork. The export 
trwo in provisions is very large, and shipbuilding 
is important. Kinsale is a fishing port. 

Mountains and Killarney. 
south-west of Ireland consists of lofty 
picturesque mountains running we.st- 
ward down to the sea, forming a wild, 
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rocky (;oast, with many headlands and long, 
narrow bays. Among the latter, notice Dingle 
Bay, Kenniare River, Baiitry Bay, and Dun- 
mnnus Bay. The rivers are short and rapid, and 
afford excellent fishing. In the north, the 
mountains are known as Macgillicuddy’s Hecks, 
with Carrantuol. over 8(X)0 feet, the highest 
mountain in Ireland. 

In the midst of tho.so magnificent towering 
peaks are cmbosonuMl the far-famed lakes of 
Killarney, \\ith many islands, richly wooded like 
the shores. Much of Kerry is unproductive 
moorland. As little agriculture is possible, 
towns are few and pojmlation H}>arse. Round 
the dangerous co.ist fishing is important. On 
Valent id Island is a. nudoornlogical station, from 
which we receive the first warning ot storms 
a])proaching from the Atlantic. 

Islands in British Waters. The Isle 
of Man. The isle of Man rises in the Irish 
Sea, midway bct\se(‘n Strangfortl Lough and 
St. Be(‘’s Head in Cumberland, each less than 
.‘10 ]nilcs distant, while the Seotlish coast is 
cojisiderably nearer. The island is miles 
long aiul 12 miles wid(‘. 'Die centre and south 
part.s of the island ari‘ mountainous, with lovely 
glens opening to the sea. Snat'fcll, 2000 feet 
high, is the highest point, and commands a 
fine view of the island and of the coa.sts of 
Englaml, Scotland, and Ireland. Minerals are 
abundant, es[)ecially loml. Farming is extremely 
good; all round the coast tisliing is important, 
and most of the towns - of wliicli Douglas, 
Ramsey, and IVel are the largest — are sitiiated 
lhcr(\ Tlje tourist traffic is immcuise in summer, 
vvlu'ii the island becomes th(‘ playground of 
Lanca‘<hire. Man preserves the right of self- 
govcTumcnt, a se})arate Parliament, known as 
the House of Keys, .separate' judges, or deemsters, 
and many relics of a long and interesting history. 

The Channel Islands. These, the last 
shreds of ojir once great Frencli possessions, are 
SO mik's from our own shores, and within 10 of 
the Flench coast. The larg(*st are Jersey (4o 
s(j. miles), Guianscy (2.‘) sq. miles), and Alderney 
(4 sep mii(“s). Sark has an area of barely two 
sc|uarc miles. Both population and language are 
of French origin, and the islands have Ilomc 
Rule. The coast .scenery is wild and imposing, 
and the surrounding seas are strew c(l Avith 
sunken rocks, and rendered still more dangerous 
by strong current.s. In all, the growing of early 
fruit and v(*g(*tables is important, and tine breeds 
of daily cattle arc^ grazed on the sunny meadows. 

.lersey and (liU'rnsey are kept in touch with 
England by a regular steamer servic'o from South- 
hampton and Weymouth. The islands are also 
served liy steamens from sevc'ial I'A’cnch ports. 
Occasionally communication by sea is dislocatc'd 
owing to severe weatheu* in the laiglish Channel, 
but this inconvenience' • to Imsim^s has been 
largely ovoniome by the' aid of a wireless tele- 
graphy installation, which cnahlc's fruit-growers 
and other business mc'ii to make tln'ir bjirgaiiis 
with the outside' w'orld. 

The capital and port of .b'l’sey is 8t. Holier, 
and that of Clueriis« v is St. Pc'ter J^ort. 

A. d. AND F. 13. HEKBERTSON 
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- GROUP 3- ARTS & CRAFT S ■ THE GLORIOUS WORK OF MEN'S HANDS-CHAPTER 10 

The Triumph of Naturalism In Gothic Craftsman- 
ship, and the Growth of Expression in Piastic Art. 

THE DAWN OF THE RENAISSANCE 


VV7e have dealt exclusively with the 
^ structural principles of Gothic archi- 
tecture and the far-reaching changes 
brought about by the general adoption of 
the pointed arch. It is only natural that 
the sister arts of sculpture and painting, 
which were then completely in the service 
of, and subordinated to, architecture, 
should have had to undergo corresponding 
modifications. With the reduction of 
solid masonry to a minimum, the demand 
for extensive wall-paintings had practically 
ceased to exist. Their place in the new 
order of things was taken by huge stained- 
glass windows, and the painters had to 
express themselves in small panel-pictures 
for altar-pieces, which could no longer be 
monumental in character, but forced the 
artists from hierarchic dignity and lifeless- 
ness to the search for human emotions 
and movement. This signified the in- 
auguration of a return from the traditional 
convention to the study of Nature. 

In sculpture, even more than in painting, 
naturalism triumphed over formalism. 
Romancsqiie sculpture had been derived 
entirely from Roman and Byzantine 
sources. It was impressive at times and 
dignified, and well suited to the architec- 
ture by which it was set off. But the 
Gothic style of building, with its upward 
tendency and graceful .slenderness, necessi- 
tated a different treatment of the human 
figure, which, in the hands of the medi- 
aeval sculptor, became more flexible, 
slender, elegant, and expressive — in short, 
more human. As in the preceding epoch, 
the representation of the nude remained 
beyond the pale of art, but, nevertheless, 
the form of the limbs was better under- 
stood, and the drapery treated in gently 
flowing lines and ample folds. At the 
same time the features lost their stony im- 
passiveness, in the place of which we find 
serenity and even emotional expression. 

More marked even than in sculpture, 
properly speaking, is the naturalistic 
tendency in Gothic stone carving, where 
the forms of the local flora are repeated 
with astounding faithfulness, and with an 
appreciation of the beauty of Nature's 


handicraft that has never been equalled at 
any other period. Some of the Gothic 
cathedrals present in the stone carvings of 
the capitals, porches, and niches a perfect 
course of natural history — an encyclo- 
paedia of the knowledge of the time, 
comprising Scriptural liistory, legend, con- 
temporary life in all its phases, the sciences 
and trades and crafts, animal and plant 
forms, allegorical representations of the 
forces and phenomena of Nature, and 
many other themes. 

This style of decoration applies with 
particular force to the cathedrals of 
France ; but even in Italy, where the alien 
Gothic style never became properly natural- 
ised, we find a similar intention in the 
decorative adjuncts to architecture. Thus 
the relief panels of the Florence Campanile 
deal with the creation of Adam and Eve ; 
“Jabal — the father of such as have 
cattle;" “Jubal — the father of all who 
handle harps and organ ; " Tubal Cain, the 
metal-worker ; Noah, the vine-grower ; 
astronomy, arithmetic, geometry, gram- 
mar, logic, rhetoric, music, building, pot- 
tery, wool-weaving, law, the three elements 
personified by a horseman, Daedalus, and a 
ship with its crew ; ploughing, transport, 
painting, and sculpture. This Campanile 
has not inaptly been called a “ Gospel of 
Intelligent Labour.” 

The Gothic craftsmen of France and 
Germany attained great skill in the poly- 
chromatic treatment of stone carving, and 
more particularly of figures and reliefs 
carved in wood, for altars and church 
decoration in general. That a period with 
a distinct leaning towards realism should 
not have neglected portraiture is only 
natural. The beginnings of Gothic por- 
trait sculpture must be searched for in the 
cathedrals, among the tomb slabs showing 
the figure of the dead carved in low relief. 
Then came the recumbent figure modelled 
in the round, and finally the kneeling figure 
in the attitude of prayer, in all of which the 
sculptors endeavoured to reproduce as 
faithfully as possible the actual features 
of those who had passed away. 


drawing PAINTIN6, SCULPTURE, ARCHITECTURE, PHOTOGRAPHY, APPLIED ARtS 
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Ivory carving, too, was vidoly practised 
during the GothitJ period, and no doubt exer- 
cised a great inliuence on the plastic art ^ 
that time. The shape of the tusk necessitated 
the adaptation of the pose of the figure to the 
curve. l*erhaps the more fiowing line ami 
increased movement of Gotliic sculpture, as com- 
pared to Uomanosijue, may to a certain extent 
be duo to the artist’s endeavour to lit his figure 
into a given shape, or indirectly to the accidental 
form of the clei)hant’s tusk.* Jt is, at any rate, 
iinrlcmiable that many of the statues carved in 
stone or Avood during the fifteenth century follow 
the swinging line of the ivory’s natural growth. 

Italian Gothic Art. In 
Italy, painting and sculpture 
had never lost their independent 
existence as completely as in 
the North, where the Gothic 
arehitectural system exereistnl 
tyrannical sway over tlie sister 
arts. The smouldering fire that 
burnt under the eold Byzantine 
tradition broke forth in brilliant 
tlamo in the middle of the 
thirteenth century in tlu^ ])erson 
of Niocola Pisano, tlie ensator 
of the famous pulpit in Pisa, 
wlio, ins])ired hy the anlitjue, 
revived for a short timi; the 
noble grandeur of classic form. 

But Nieeola was an isolated phe- 
nomenon, and his son, Giovanni, 
abandoning the direction indi- 
cated by his father, succumbed 
to the influence of the Nortliern 
Gothic, and gave Ills compositions 
dramatic intensity and emo- 
tional life in the place of a.nti(|ue 
impassivoness. flis musteipicse 
is the ])nlpit of St. Andrea at 
Pistoia. 

While plastic art thus re- 
ceived a new impulse from Pisn, 

Florence and Siena were the 
centres where painting first broke 
the fetters of Byzantine for- 
malism and achieved individual freedom, 
(fimabue, a Ihirtecnth-eeiilury Florentine, has for 
centuries been held to he the father of modern 
painting, a.n(I the teacher of Giotto. Modern 
research has, however, deprived him of mauv 
of the existing works that had been jdaeed to 
his credit, (nmabuc was a mosaic worker— an 
excellent arti.st, who infused life into the stiff 
manner of his precursors, but ho was not tlie 
eiioeh- making reformer of \’asari’s pretty tale. 

The “ First Modern Painter.” Whether 
Giotto was actually a pupil of Cimabue or no 
one thing is certain: that his art has far more in 
common with that of the sculptor Giovanni 
Pisano than with thsit of his supposed master. 
Giotto (12(16-1.337) may be called the first modern 
painter. He was the first to paint objects and 
figures in a manner to make us realise without 
mental effort the plastic reality of his painted 
subject. Measured by the modern standard, his 
drawing is faulty, the figures clunisy and heavy 
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the perspective wrong ; but his w'as the first step* 
toward freedom of composition, dramatio life 
and movement, tow^ard the realisation of an 
artistic ideal beyond the merely formal beauty 
of harmoniously arranged line and colour. To 
appreciate his work fully, one has to study 
his glorious frescoes in the Arena Chapel in Padua, 
at St. Croce in Florence, and at St. Francis in 
Assisi. Like most of the early Italian masters, 
Giotto was well versed in many arts. His 
combined achievement as architect and sculptor 
can he admired in the Floren(;e Campanile. 

Ill his painling. as in his sculpture, he, like 
all tlie leaders in art. drew his inspiration direct 
from Nature. And like all those 
who turn away from Nature to 
imitate consciously the work 
of a master, the followers of 
Giotto — the “ Giottescpios ” — lost 
sight of the real significance of 
tilings, (jopied the w'eakne.sses and 
the m(*re outer form of the 
admired models without grasp- 
ing the spirit, and delayed the 
progress of painting by a full 
halLcentury. Giotto the painter 
had logically transferred to another 
sphere, and developed the prin- 
ciples underlying the work of the 
sculptor Giovanni Pisano. It was 
a sculptor, Andrea Pisano, who 
was Giotto’s legitimate successor ; 
and while painting was under a 
tem])orary eoli])S(5, Andrea and his 
jnipils infused vigorous life into 
t he art of relief sculpture. With 
th(^ seriousness and sincerity of 
Giotto, and with that master’s 
disregard of conventional form, 
h(^ combines an increa.sed sense 
of pure beauty. His bronze gates 
of the Florence baptistery repre- 
sent his work at his best ])eriod. 

The greatest of the “ Giot- 
tcstpios ” is Andrea del Cione, 
called Orcagna, Andrea Pisano’s 
pupil, and ecjnally famed as 
jiaintcr, sculptor, goldsmith, and architect. The 
Loggia tie’ Lanzi in Florence is said to be built 
from his ])lans ; the solemn, splendid fresco of 
the T.a.st .ludgmimt in S. Maria Novella, and the 
richly sculptured Gothic tabernacle at Or San 
Michele in Florence, are wrought by his hand, 
tliough the famous, naively realistic “Triumph 
of Heath ” fresco at the Campo Santo in Pisa, 
which Avaa formerly attributed to his brush, is 
now held to be the work of the Sienese Lorenzetti. 

What Cimabue w'as believed to have done 
for painting in Florence, Duccio di Buoninsegna 
certainly did tor Siena. Ho, too^broke away 
from Byzantium, gave life to his figures, suggested 
the human form under the nobly arranged 

' ■ * - — - 4 

character and emotion to uauu — 

successors, among w hom Simone Martini, Taddeo 
Gaddi, and the Lorenzetti w'ere the most pro- 
minent, continued in the same direction. The 



THE MASTERPIECE OF GIOVANNI PISANO 



THE FAMOUS PULPIT BY GIOVANNI PISANO AT PISTOIA, AND A DETAIL FROM IT 
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Sienese were ever more conc^ernc(l with expressing 
the inner life of the soul than the physical life of 
the body. It was a natural consoquenoo that 
they excelled more in the small panel picture 
than in the large fresco. The Sienese School 
did not have the vitality of tho School of 
Florence, and fell into decay when the art of 
the rival city achieved its greatest triumphs. 

A Groat Florentine Painter. Fra 
CJiovfinni Angelico da Fiesole (1387-145/)), a 
Dominican monk, is 
the last great Florentine 
painter of the Gothic 
period, and the first of 
the Early Renaissance. 

In his art, pure, spiritual, 
ardent, and sincere, he 
proves himself a follower 
of Giotto in the dramatic 
(conception of the sub- 
jects and in the freedom 
of his grouping, while 
t he soulful, emotional 
depth of his sentiment 
and the coh'^tial beauty 
and purity of expression 
are derived from Sienese 
sources. He is the niost 
lovable painter of all 
times, the painter of 
heavenly bliss, of ]uh\‘ 

Christ iaiiitv, of angelica 
beauty. The spirituality 
and saintliimss of his art 
are so sttiking, and have 
been lain so much stress 
on. that many criti(%s 
have overlooked another 
and scarcely less im- 
portant side of his cha- 
racter — his systemat ic 
study of the antique, 
of the human form, and 
of Nature in general. 

He was tho first painter 
w h o repre.‘‘ente(l t li e 
( ‘hrist - child cut irely 

naked, and drew the 
nude forms, not from 
imagination, but from 
the living ijiodel ; tlie 
first Italian who painted 
an actual landscape from 
Nature; one of the first to siudy aerial 
j)er8pective, to introduce actual portraiture into 
his frescoes, and classical forms into his archi- 
tectural backgrounds. For all these reasons 
Fra Angelico must be accorded a position, and 
no mean position, among the i)aintera of 
the Italian Renaissance. To appreciate Fra 
Angelico’s position in t^ie art of his time, it 
is necessary to study his wonderful frescoes in 
the cells <rf S. Marco in Florence and in the 
chapel of Nicholas V. in the Vatican. 

The Renaissance.* The jreat movement 
in art and letters known as the ^naissanco had 
its beginning in Italy in the early part of the 
fifteenth century. In the Gothic period art had 
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been almost entirely at the servlet* ot the Church. 
Foster^ by the spread of humanism, which, 
•under the rule of the Medici family in Florence, 
1^ to the establishment of a Platonic Academy, 
the dormant love of tho Italians for the forms 
of classic art, which are so closely connected 
with paganism, was given a new powerful 
impetus. Scientists and men of letters, archi- 
tects, painters, and sculptors, devoted themselvea 
to the study of classic literature and antique art. 

The wTitings of Greek 
and Roman poets and 
philosophers w ere popu- 
larised, the fragments 
of antique sculpture un- 
earthed, the ruins of 
classic buildings inves- 
tigated, and the lessons 
derived from them 
applied to the creation 
of new monumental 
buildings. At the same 
time, art became to 
a great extent secul- 
arised, and its patronage 
passed from the (’hiindi 
to the Courts of tho 
Princes, and to the 
wealthy citizens. In the 
North, the Reformation 
coincides with the 
Renaissance, and even in 
Italy new fields w^ere 
opened to archit-octs, 
painters, and sculptors. 

Nothing could be nion^ 
erroneous than to think 
that the principles of 
Renaissance architecture 
were a mere repetition of 
tho rediscovered classic 
forms. The style is 
luxsed on the revival of 
the classic orders, but 
these are applied in an 
entirelv new manner, 
suitable to the modern 
requirements. As Pro- 
fessor Ranister Fletchei' 
has tersely put it, “Archi- 
tecture ceased to a cer- 
tain extent to be subjei-t 
to the considerations of 
use, becoming largely independent of constructive 
exigencies, and to a greater extent an art of free 
expression in which beauty of design was 
sought for. Speaking generally, there was an 
endeavour to reconcile the Gothic and the 
Roman method of construction — that is, the body 
and the dress were the same thing cgpstructively, 
because the architects of the period, attracted by 
tho mere external appearance of ancient Roman 
art, but perceiving that this form w'as merely 
an envelope, continued in tho matter of con- 
struction to a large extent to follow the traditions 
of the Middle Ages, wrhioh did not separate the 
structure from the decoration.” 

P. G. KONODV 
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'QROUP 4-PHY8IOLOaY & HEALTH - THE BODY & ITS MAINTENANCE-CHAPTER 1 0 

Growth of the Hair and Nails. The False and the True Skins. 

Common Sensations. The Pores. The Work of the Kidneys. 

THE SKIN AND ITS USES 


W E have now to doscriiie the stnioturc and 
the function of the skin ; the care of it 
is dealt with in tlui section onTTKAj/ni. 

The skin [49J consists of two layers, the inn(*r 
one called the dermis or cutis vera^ wlii(;h cton- 
tains all the nerves of touch and feolinji; and 
all the blood-vess{!ls ; and the oufor one, the 
epidenriis^ or false skin, so-called because it 
is over the true skin. It is thin, and contains 
no nerves or blood, so that- when we prick it 
lightly, as in the finger when sewing with a 
needle, there is no pain and no blood. 

The hair and nails are really hardened parts r»f 
this outer layer of the skin. A short d(‘scrip(ion 
of these will show how wondeilully even the 
epidermis is made. Being only the outer skin, 
it would seem that it could not contain anything 
very interesting. \V(^ will therefore begin with 
the hair and the vails, the structure of which is 
indeed remarkable. 

The Hair. The surface of a hair is, as it were, 
thatched with cells overlying each other like 
tiles, while the centre is not hollow, but filled with 
a sort of pith. {Straight hairs am round, while 
wavy and curly hair is oval ; black is the coarsest, 
and flaxen the finest.. Hairs do not grow 
straight out of the skin, but at an angle, so that 
they can be made to lie down flat. In the head 
they generally all radiate from one centre, and 
number about 100,000. It is calcidated that 
four sound hairs will support a pound w'cight. 
'rhe whole body is coven^d wdth them, though 
they vary greatly in length and quality. Those 
of animals serve, of coui’se, for the ])ur])os<*s of 
clothing ; in man, they are for the most 
part an ornament. 

How Ha^'r Grows. Erich hair grows out 
of a deep pit in the skin, that descends right 
through both false and true skins into the unricr- 
lying layer of fat. This pit is lined throughout 
with the cells of the epidermis, or false skin, just 
as if the pit had been made by [lUshing in the; 
skin. These tile-like cells that line the sid(‘s 
of the hair-pit point downward, while the 
tilc-like cells covering the hair point upward, 
the one thus locking into the other, and pre- 
venting the hair from being easily pulled out. 
When, however, it is drawn out, it generally 
brings away the sides of the growing i)it with it. 

At the base of this pit is a small pimple, or 
bulb, made of the same epidermal cells. .lust as 
the outer layers of this are about to die, they 
form a horny substance, as wo shall see they do 
111 the skin, but of a very superior nature. The 
outermost dead layer of cells, instead of lying 
about anyhow ready to bo brushed off, as it does 
on the skin, has the cells arranged, as wo have 
seen, like tiles. The growth from below is fairly 
rapid, and, as no celE fall off above, the young 


hair is soon pushed up out of the pit, which it 
exactly Alls, and got‘s oil incri'Msing in length 
until the growing bulh at the base is exhausted, 
when it finally falls olT. Just as the hair leaves 
the skin a tube o[a*Tis on each side of the “ root/’ 
or hair-]nt, u[> which is dis(!harg(*d a natural 
pomade for the hair. Attaclu'd, too, to the bulh 
on the under side of the hair, and passing upward 
to the skin, is a small band of muscle, which, by 
liontraction, has the power of creeling the hair, so 
tliat it stands u]) or bristles when the jiorson is 
agitated, as with fear. 

The Nails. The nails [ 62 ] arc beautifully 
modified outgrowths of the homy substance of 
the skin, and an^ of great use in giving firmness 
to the finger-tips and in grasping small objects. 
They grow in a peculiar maniior, for at the 
base of a nail the outer skin is folded inward 
into a deep trench, from the bottom of which 
these horny cells of the epidermis grow up in the 
same way as in a hair — this time, however, in 
t he flat shape of the trench, instead of the round 
shape of the hair-pit. The nails are free from all 
pigment. 

'IJio true skin which forms the bed of thd nail 
is in ridges and furrows like a pIought‘d field, 
and the horny nail as it is pushed up from below 
often shows corresponding ridg(‘s. 

The Epidermis. The false skin itself nuTits 
a short special dcscrijition, if only to show the 
true interest and romance that pervade the 
story of the simplest mid least complex of the 
body structur(‘H. 

In the Ill’s! place, the iqiidcnnis, like the rest 
of the body, is alive — that is, all but the outside 
of it. In the next, it is coiiifioscd of from a doziai 
to twenty or more layia’s of living Cecils, ])acked 
side by side and layer on layer, just like the 
bricks in a wall. Each of these cells — like every 
other cell in the body-- not only is born, grows, 
matures, ag(*s, and die‘s, but eats, drinks, breathes, 
frequently moves, and certainly w^orks, not only 
doing its share in supjiorting the general 
structure, but aiding in some special way. 

The History of a SKin Cell. The life- 
history of one of these cells is interc'Jting. 
Born by tlu*. })arcnt cell squeezing off part of 
its own body, it begin.! an independert lif(‘, 
the young cell forming one of a row of similar 
ones in the deepest layer of this out(‘r skin, and 
•next to the true one. Here the young ec^lls 
are placed by the side of a small blood-vessel, 
which supplies them yegularly with fresh air 
and their share of food. After a time tluiy 
become parents themselves by squeezing off part 
of their own bodies in tlu’ir turn, and these new 
cells now lie*next the blood-vessel, tlieir parents 
mounting a row higlier and iK^urer the surface. 
The parents have now to depend for all their 
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nouriHhmcnt on their ofispring next the blood- 
stream, who paf*? on wliat they can spare. Soon 
the parents b(‘conie grandparents, then great- 
grandparents, and being further removed from 
the blood -veHsel~t heir only source of food— 
they get loss and loss of it, and us a natural con- 
sequence iM'coinc smaller and smaller. Just 
befon^ th(^y die of starvation, however, the layer 
of cells next the surface sets to work once more, 
and manufactures a peculiar horny substance 
called keratin, or horn — partly, it is suspected, 
out of their own bodies. This gives firmness to 
the surface of the skin and to tlio outside of the 
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I- Epidermis, or false »kiii. 2 Corium, or true skin. 3, 
Miisrlcs of hair follicles. 4 Hair follicles. 5. Outer root 
, ,? • «beath. 7. Fibrous substancp of hair. 

.o- P ol hair bulb, 

11. Sahft of hair. 12 Lay ‘r of adipose tissue (fat cells). 

hair; then, reaching the surface, the particles 
of keratin lie in countless thousands in fine dust, 
w'hich can bo shaken out in clouds at night from 
one’s garments, -and scraped or brushed off the 
skin. 8uch, in bold outlines, is the story of one 
of the most insignificant structures of the body. 

The Dermis. Coming now to the ciitifi 
yera, the derma or true^skin, we observe that 
it differs in every way from the epidermis. 
It is arranged in ridges and furrows in many 
places, the folds of which the epidermis follows. 
The ridges are covered by double tows of ])a- 
pillae, which are small projections comiccted 
with the organ of touch. There are also every- 
where sensory nerves connected with the 
ordinary sensations and pain, small tubes 
connected with the openings on the surface 
1218 


called pores, innumerable networks of capil- 
laries and lymphatics, and little glands that oil 
the hair. There is also a quantity of elastic 
tissue which enables the true skin to stretch, 
and the whole of it lies on a layer of fat [50], 
varying from J in. to 3 in. in thickness. 

We will consider these Gtruetures and their 
uses in the order in which we have named them. 

The Organa of Touch. The first are 
the organs of the sense of touch. This sense 
is principally connected with those ridges 
where, in double rows, are the elevations callexl 
papilla*, or pimples [50], of which we have 
sjioken. Over other parts of the skin the 
papillae are more or less thinly scattcnxl, but 
nowhere so regularly arranged as in the hand 
and foot; they are about one hundredth of an 
inch long. Each papilla is a perfect network of 
blood-vessels, and most of them contain an 
oval body — sometimes like a small silk cocoon — 
consisting of nerve fibres closely wound round 
each other. There are also, in some cases, 
little bulbs on the nerve fibres like small oranges. 
Although they are organs of touch, yet these 
papilke arc never allowed to come in contact 
with the oBject touched. They are all covered 
over w'ith the e})i(lermis, or scarf-skin, wdiich is 
only thinly spread over the papillae, but is thicker 
between them, so that the papilla? are isolated by 
it; and it is easier to tell w hich one is touched. 

Unless the pajiillaj were covered with the 
epiderniLs, the sense of touch would be lost. 
All feeling of touch is in the skin, but in very 
different degrees in the various parts of the 
body ; for instance, if the skin on the back is 
touched at the same time with tlie two legs of 
a pair of compasses two inches apart, only one 
touch is felt ; whereas on the tongue or fingers, 
however little the })oints are 8e[)ardtcd, two 
touches are felt. If a small portion of the skin 
be scraped off, and the raw surface be toucdicd, 
pain is felt, but there is no sense of touch. 

The tips of the fingers and the tongue have 
the finest sense of touch, which, however, may 
be lo.st if the object touching them be very cold 
or very hot. Tliis delicate faculty of touch is 
the sentr}^ of the body, giving immediate warning 
of the character of the substance with which the 
body is brought into contact. 

Sensation of Touch. We may now 

consider certain sensations of touch and 
pressure. The whiskers of cats, the aatcniuB 
or “ feelers ” of insects, the wings of bats, the 
trunks of elephants, the hands of man, arc hU 
instruments of touch. They acquaint their 
owners with the size, form, and other character- 
istics of bodies. Touching is as different from 
mere feeling as listening and looking are from 
mere hearing and seeii^. This id8nse, however, 
often leads us astray if not corrected by other 
faculties, such as eyesight. The cavity in n 
tooth felt by the tongue is ahvays imagined to be 
much larger than it is. 

Curious illusions exist with regard to toudo 
If the eyes are closed and the first aiul 
middle fingers crossed, and a small pea or bead 
placed between them, two peas or beads an' 
felt. This is caused by two parts of the fingci^ 
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being enabled to touch the same small object, 
which they could not do unless they were crossed, 
so the mind wrongly concludes that there are 
two objects. At first, touch is not localisetl 
by the brain— only felt. An infant pricked by 
a pin only cries, but does not avoid the injury, 
because it docs not know where it is. As it 
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grows older, a map, as it were, of the body is 
formed in the brain, enabling it to tell at om^e 
the point touched. 

A finger can discern blindfold whether it is 
touching silk, velvet, cotton, fliinnel, wood, iron, 
or stone ; but if the outer skin be cut off and the 
under skin left raw, only })ain is felt w luui any 
object is touched. 

'Fho accimu^y of the sense of touch depends, 
as we have seen, on the nearness together and 
sensitiveness of the papilla?. The dilTercnces in 
various parts of the body are us follow. Two 
sotisations are produced by the poiiits of «a 
com})ass at the following distances : Tip of 
tongue, l-24th in. apart ; tip of foretinger, 
l-12th in. apart ; nose, Jin. apart ; ])alni of band, 
h in. apart ; back of band, I in. apart ; arm or 
feg, 11 in. apart ; back of neck, 2 in. ajiart ; 
thigh, in. apart ; and back, ,3 in. apart. 

Sensation of Pressure. Pre^^fiure is a 
ditferent sensation from mere touch. A card 
on the back of the hand touches it, but a Ictulon 
weight j)resses it. 

The judgment of weight is based on the 
amount of pressure and of muscular effort 
needed to raise it. By lifting a weight it was 
found that a man could distinguish 19 J oz. 
from 20 oz. ; while by the mere difference of 
pressure in laying the weight on the hand, 
could only distinguish 14 J oz. from 15 oz. The 
combination of the Iw'o results gives the most 
accurate statement. 

Common Sensation. Under the hcjul 
of common sensation are included the sense 
of temperature, pain, pleasure, itching, and 
tmkling. This sensation does not depend upon 
the touch corpuscles merely, but upon the 
sensory nerves in the skin. This fact is 
important ; for instance, the sense of touch 


docs not depend on the thinness of the epidermis, 
but upon the number of touch cor})useul(^s, and 
is hence most acute at the tips of the fingers. 
Sensation, on the otlu'r hand, depen Is directly 
on the thinness of the epidermis, and is most 
acute on the back of the hand and check. . 

Oommon .sensation i.s a great protection of the 
whole body, for just as the wall is the defcnee 
of a forliH('d town, and when that is passed 
the town is taken, .so is the skin the vital 
fortification of the body, to which it is such 
a powerful defence that wdien it is gone to a 
great extent i\w life goes too. The nerves under 
the skin a re like t}\e coastguards round our 
eoa,sl.s. and give immediate? warning to the 
eeaitral government when any enemy begins 
to attack the body. 

Sensation of Heat and Cold . The sensa- 
tion of h('at and eoLl is, again, different 

from that of mere tomdi, and depends on the 
thinness of tlie skin. This sensation is often 
very fallacious. Tf one hand be placed in cold 
wal(‘r and the other in vauy hot water, and then 
both hands bo })Jaced in warm water, tliis will 
seem hot to one hand and cold to the other. 
In fever, again, we feci excessively cold when 
shivering, and yet are in a burning heat ; wdiile, 
wdieii w(? perspire, wo feel much hotter and yet 
are rcaUy cooloi. l*eoplc f(*el warnu*r after drink- 
ing s])irit.s, and yc‘t the temperature of the body 
is always lowered. 

Sensation of Pain, l^^^n is a most 
valuable sensation, for it gcmerally calls our 
attention to some injury or disease. It is 
difficult to t(‘ll where mere feeling })asse.s into 
pain, but usually it is when any sensation 
becomes injurious to the body. H(*at is enjoy- 
able up to a C(?rtain point ; then, as in the ca,se 
of cold, it becomes pain, which can also be 
easily excited hff rture ideoM o/ se7mUwn in 
the inind, Jn fad, 7nod sematkmit can be pro* 
diiced htf ideuff. Tickling may be pleasurable or 
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painful, according to its intensity, and can be 
produced with the great c.st effect in the soles of 
the feet. 

The Pores. Kospiration and transpiration 
are other functions of the skin, aiul are 
carried on largely by means of t hc! ])orcs [61]. 
These are glandular structures connected with 
the skin, afwl conciuning which the vaguest 
ideas are current. Some imagine them to be 
little holes in which the hairs ai'o inserted ; 
others, again, believe they are holes through 
the skin, opening into the body, Ihroiigli w hich 
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the perspiration comes, the skin being thus a 
sort of sieve. Both these ideas are wrong. 
There are no holes in any part of the skin leaci- 
ing inside the body. The real pore ’* is a 
tiny opening, guarded by lips, at the end of a 
short tube which has no oi-oning internally at 
all, but is coiled up at the end like a watch- 
spring. These ])ores breathe out about 400 grains 
of carbonic acid gas, besides about a pint of 
water a day. They are veiy nuinorous, and 
exist aU over the body, though they are most 
numerous where most perspiration occurs, 
especially on the palms of the hands and the 
solos of the feet. It is of the utmost importance 
for health that the mouths of these ghvnds or 
j)ores should be kept open, and free from all 
obstruction, for in all there are no less than 
twenty-eight miles of them. 

By means of the pores, and also directly 
through its surface, the skin in this way does 
l-150th pan* of the work of the lungs as 
regards inspiration of oxygen, but about 
l-30th as regards expiration of CO.^. This 
can be shown as follows : If a hand l>e 
held in a closed lantern for two hours and then 
a candle be inserted, the latter w ill go out, because 
of the amount of CO.j in the air. The skin not 
only gives off COo, but other poisonous matters. 

Hence it is that burns and scalds are more 
serious in pro})ortion to their extent of surface 
than to their depth — it being less serious to Jose 
a certain amount of tlcsh, and even of bone, 
than a large .amount of skin. In injurie.s too, 
especially about the hand and lingers, when 
they are maimed or crushed, the important 
point that decides w hether it is better to remove 
or to leave the injured ])arts is the amount of 
skin by which they remain attached, for on this 
the life of the part depends. 

Amount of Water Given Off. But in 

tuldition to respiration, the })ores excrete, 
as wc have seen, a large amount of water. 
As a rule, this evaporates from the surface of 
the body all day long, and is called 
ti^^ When, however, the amount is so great 
tnal it cannot be carried otf, but remaiiLs as 
drops on the surface, it is called peraviratu^^, 
or sweat, which has the following composition : 
Water, 99-5 ; acids, 1 ; salts, -1 ; fats, -1 ; other 
bodies, -2, Total, 100 0. 

daily— twice 

as milch fluid as comes from the lungs ; I -67th of 
the whole body weight is thus lost daily, llie 
[lores, or sweat-glands, are most numerous and 
largest on the palms, the soles, the forehead, amj 
the sides of the nose ; there are few' on the back 
and neck, and none on the lips. In the palms 
there are 3000 to the square inch ; on the neck, 
400. Thei*e are in all two and a half millions, 
and they present a surfaoe of 30130 square inclies. 

Perspiration is increased by heat, w^ry 
blood, e|;y;cise, tlojgs, nervg^tion. ^d diseases, 
such as consumption and rheuing.tic fever. It 
is decreas^ fly cold, excessive urination, rest . 
drfiii!§^"aM8 fi action. The Bwea Tcentro and 
that for toti ng the skin blood-vBSBeiT^fterally 
act together, buriSiSfr sweat ” 

with pallor and little blood. 
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Regulation of Heat. Owing to i;he 
innumerable blood capillaries just under the 
surface, the skin is also the heat regulator of 
the body, and acts like the balance of a 
watch, or the governor-balls of a steam-engine. 
When this power is lost the person dies, as in 
one or two cases where the skin has been 
varnished all over. 

If the external air be cold, the skin contracts 
affcFTlghtly "dloseis’" alt' InlPlittle blood-vessels, 
thus preserving the heat of the precious fluid 
by keeping it from the surface ; while, on the 
other hand, if the 
weather be it 
allows the olood- 
^ vessels to expand, and, 
by bringing the bloocl 


to the surface, controls 
the heat of the body by 
radiation and evapora- 
tion. This power is 
temporarily paralysed 
by certain drugs, not- 
ably by alcohol. 
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Other Uses of 
SKin. Then, again 
organ. It produces a 


Skin IS a secreting 
peculiar oil for the hair, not only in the head, 
but all over the body. This oil is made under 
the skin in little vessels called sebaceous 
glands, w hich ojien by a small tube on each side 
of the thousands of tiny hairs with w hich the 
skin is eovercKl. 

But the skin hius many additional uses. Tt 
is the beginning and the "end of all tke hcauttj 
of the body, whiiih literally is but skin-deep. 
Whatever strength may be in muscle, there is no 
beauty in its bare appearance. Whatever loveli- 
ness exists in the rosy cheek, the wdiito forehead, 
the well-rounded arm, or the graceful figure— -all 
the.se vanish with the skin. A skinned rabbit has 
no beauty. 

Here we reach the third of the great excretory 
organs of the body (in addition to the bmpils), 
which are the Jungs, tlie skin, and the kidmiys. 
The l un gs specially excrete the gas CO.j ; thu 
skin, nie liquid^ water ; and the kjjjpeys (in 
addition to the water), the solid, urea. These, 
are all true excretions, and the three organs arc 
therefore specially associated together, as three 
men might be, labouring at one piece of work. 
If any one of the three is partially or wholly 
disabled it throws more mork upon the other 
two. In consuinption, for instance, if a large 
part of the lung is destroyed, the skin and 
kidneys have to do the work. With a dirty 
skin more work is thrown on the lungs and 
kidneys, while in diseased kidneys the skin has 
iJo be very active. * , ^ 

The Kidneys and Their Structure. 
The kidneys are two bodies shaped like beans, 
situated at the inner side of the lower rihs, 
close beside the spine [ 48 ], the right being the 
lower of the two. Each one is 4 in. long, in. 
broad, and 1 in. thick, and weighs 4J ounces. 

From each kidney a tube like a small india- 
rubber pipe, called a uretetr from 12 to 16 in. 




long, leads down to the bladder, which is a single 
central organ like a bag, containing the excre- 
tion of the kidneys, called urine. From this 
bladder a short tube called the vrethra enables 
the urine to be excreted. The construction of 
the kidneys is as follows : lOucli is covert'd with a 
fibrous skin called a cafhmle. Inside this the sub- 
stance of the kidney dividi'S itself into three — the 
outer part, or cortex, which is deep red ; the incdul^ 
lary, which is paler ; and the innermost hollow 
part, called the pelvis. The (irst is one-third of 
the thickness of the kidney, the second one-half. 

The kidney, itself, is a eonn)Oiind tubular 
gland, • and the medullary ptirt is almost ex- 
clusively composed of t.ubes. These ascend 
into the cortex at intervals anrl termimite in 
dilated extremities called ]Malj)ighian corpuscles ; 
or, rather, tlui tubes may be said to start here, 
cT-nd, after pursuing a very d(‘vious course for 
some 2 in., terminates and discharge thc'ir contents 
from tiny oritiees in each of tins 12 pyramids 
which project from tins iiH'dullary part into tlu' 
pelvis, where all the urine thus discharged 
collects and cvei\tually leaves the kidney from 
the hilum by this ureter. There are 3(i to 40 
orifices in each pyramid that discharge urine, and 
fjic number of eorpusek's whence it is obtained 
from the blood arc estimated at about half a 
million in each kidiu^y. 

Each Malpighian corpuschi shows a d(‘cp, 
eu]3-shajK‘d dc]:)ression that embraces a little 
tuft of capillary blood-vessels lik(^ a raspb(‘iTy, 
the whole being one- 125111 in. in diameter. 

Their Blood Supply. The blood-supply 
of the kidney is peculiar. Jt arrives by tlui 
renal artery direct fiom the aorta; the arU'ries 
form regular arches at the junction of the 
cortical and inedullary portions in the substance 
of tli(i kidru^y. From thest? arches brauehes 
ascend into the coi*t(‘x of the kidney, luiviiig at 
each side those expanded tufts of blood-vessels 
which form the Malpighian coipuscles. The 
artery suddenly breaks uj) into this cluster of 
capillaries, and seems to have pushed before it 
the dilated end of the urinary tubule, so that 
two layers of it become wra])ped round *the* 
I )Iood- vessels, leaving just room for the two 
vessels that form the stalk. 

The Work of the Kidneys. The blood, 
purified in the lungs of its carbonic acid gas, 
comes straight to the kidney after leaving the 
heart, and having first had water abstraet(‘d 
from it in tlu^ Malpighian eorpus(4(*s, has urea 
and other substances extracted from it in another 
part of the urinary tubules. It must be 
remonibcrcd that the tubule, originating in the 
Malpighian corpuscles, pursues a very devious 
course, during which it is closely surrounded by 
blood-vessels, from which, it is believed, by the 
vital action of the urinary cells, the various 
substances arc extracted. 

The blood, thus purified, returns by the renal 
veins to the inferior vena cava ; and differs 
totally from all other venous blood in being bright 
led, and actually the pared blood in the body. It 
must bo remembered one artery carries venous 
blood, the pulmonary, and two veins carry 
arterial blood, the pulmonary and the renaL 
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All the tubules uniting pour their contents 
into the pelvis of the kidney, and the fluid is 
known as urine. 

Urine. Urine is a transparent, acid, amber 
fluid, and is heavier than water, its S]). gr. being 
about 1020 as eom])ared with 10()0. About throe 
pints are ])rodiieed ca(4i day. The following is its 
chemical composition and daily amount : Water, 
.52 oz. ; urea, .500 grs. ; uric acid, 8 grs. ; salts, 
400 grs. ; (‘xtraclix es, 1.52 grs. The normal colour 
vari(‘s throiigli cvt'ry sluulc' of yellow and orange. 
In disease it may be brown or black or green. 

Thci urine is acid in health, and beeonu's more 
so when eertain acids an* talo'ii, also after 
prolongt'd (‘xertion or consumption of much 
animal food. If, la'comcs less acid or alkaline 
when alkalii's are j)res(*nt, and after taking much 
vc'gc'tables food. 

Weight and Quantity. Its weight com- 
pared with water varies consickwably ; much 
drinking may temporarily low(‘r It to 1002, 
while taking no fluid, and profuse perspiration, 
may raisti it to 1040. Some, disc'ases increase 
and otlicrs lower its spi'citic gravity. 

The quantity of urine varies greatly. It is 
decreased by sweating, by eating dry food, by 
bleeding, and in some diseases. It is increa.s('d 
by cold, by dry skin, by the use of drugs, by 
sugar in the urine, by nervous excitability, and 
in sonui disi*ases. 

Urea is the y)iinci[)al (constituent of the urine, 
an(treprcs(‘nts tlu* nitn^genous refuse of tlu; body. 
It forms half of all tlu* solids in the urine. It is 
a (compound of water, carbonic acid, and nitrogen. 
As a rule, .500 grains a day are passed, and tluc 
amount, of nitrog("n pa.ss(‘d is in ))roporti(.)n to 
the amount tak(;n in tlu* food. It is not in- 
cr<*as(*d by museular (‘xc'rcise, as was f(.)rmerly 
supposed, nor by th(i amount of the uriiu*, but by 
animal food and wasti ng dis eases. Uri'a forms 
one-100()t)th part of tholTRTod and one-2()00th 
])art of tlu* lymph. 

Uri'(c acid is a .similar nitrogenous pn^duct, 
but differs in one most- important, particular ; 
for while urea is soliibli*,and thus gives no trouble 
in tlu* system, uric acid is insoluble, and is the 
source of niany""t)odiTy‘5uThiouls, notably gout. 
In the uriiu^ it appears as a briek-red powder. 

It is probable that urea and uric acid an^ not 
forin(*d in the kidney a.s bile is formed in tlu? 
liver, but in the blood, and are only eli min ati'd by 
tlie kidneys. If the supply of bile from tb(? liver 
be fitop])cd, none is made? ; but if the kidiu*ys do 
not act, an increased amount of urea is found in 
the blood. The secretion of urea and the amount 
of sweat arc in inver.so proportion, idiowing. tlu* 
cTosh conrietctiou luctweon the kidni^ys yind tlie akin. 

ahbiit. ih.'Ibng, is a strong 
tube of four coats, one muscular ; it conv4*y.s 
the urine to the bladdc'i^hy i»‘ristalsis, or circular 
contraction of the muscles, by gravity, and by 
the vis a tergo, or jire.ssuiu? from behind. It 
enters the gladder by a valve thioiigh which 
the urine trickles drop by drop. The bladder 
has four coats and many clast i(c fibres, which 
keep it in a stale of mod('rate c(3ntraction. 
It holds about a pint, and can be emptied at will. 

A. T. SCHOFIELD 
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• eROUP S-AfiRICUlTURE • THE CULTIVATION OF THE EARTH-CHAPTER 10 

The Necessity for Up-to-date Implements. The Self- 
binder and Reaper. The Plough. The Smaller Tools. 

MACHINERY OF THE FARM 

I N the management of a farm perfect equip- and liarvest it should be provided with ladders, 
ment ia half the battle. Nevertheless, it is back and front, which, like th(‘ arms, should b(‘ 
probable that on the majority of l^riiish farms liable to as little strain as possible. Carts and 
the implements and machines cm])loyed are of waggons should be ko])t well paintf'd, the best 
old type, involving slow and inetiieient work. whit e-k'ad and oil b(*ing us(‘d, and always housed 
I'he great feature of today is to save manual imdt'i* cover when not in use. As a rule, it is 
labour, and thus to minimise its cost. j)!obable that mor(‘ damage is done to both by 

How to Purchase Equipment. Farmers exposnn^ to rain than by work. A liquid- manure 

with capital are prone to pride tlu'mselves on «a essiaitial upon a farm of average sizir. 

smart outfit, now and brightly painted cjirts Ibere are many itiakes, some extremely clumsy, 
and waggons, costly hamess, abundantly fnr- others light and strong, witli Avell-arranged 
nished in brass, with tools and taekki all of the meebanism. Tlui metal of tlu^ tank should be 
. best. Money is w’(‘ll spent if it is spent judiciously ^^tout, choking or blocking should bo impossible, 
in buying not oidy the best but no more than is while delivtuy should be wide and elTeetive. 
requirtnl. A man with expi^rience, howcivcT, is The Self-binding Reaper. The self- 
ablo to obtain many useful implements and binding reaper is one of tlie greatest, labour 
machines as he needs them by attending farm sav(*rs in modern agriculture. Few farmers have 
sales, but the amateur or the non-expert, before sufHcient (‘xjjerience to differentiate between tlui 
atti^mpting this method of purchase, shoukl various makes and to si‘leet the best with cer- 
aseertain the market price of his various re- taint, y. This maehiiw^ should be lit tle complieati‘d 
quirements, and, above all, which arc the most and light in constniction — a most important, 
substantial and useful. From time to time new feature— but it should hi) strong. Bearing in 
jra])lement 8 are introduced by manufacturers, mind tlu^ difficulty in the case of a buyer with 
many of which are of great merit. For this litthi or no experifuiee in making such a ynircbase, 
reason the best agricultural shows should be wc would sugg(‘Ht that instead of depending 
attended at least once a year— the Royal, and, uj>on bis own judgment he should asecTtain 
let us suggest., the exhibition of the county in from other fanruHs the results of their ex])(*ri(*nrf^ 
w'hich the farmer resides. with the machines th(‘y ])Ossess, and select that 

.B(‘fore making a purchase, however, it is which has done the best work and required the 
well, where the same class of implmnent or tool least repair. It is well, too, to sec two or tbns* 

is made by various firms, to compare them as of the best binders at work on similar land to 

far as ])08sible on the show-ground in ordtsr to that occupied and on similar ero])s to those 

learn their n^lat.ive price, strength, and capatrity grown by the intending buyi'r. When a machine 

for work. Farm tackle bears a good discount, is decided upon, tlie buyea- sliould learn from the 

and the buyer should not forget this point, seller to a])[)reeiat(^ ilio vahu' of every working 

wliethor in dealing direct with the maker or his part, and how to take the ma( h’m' to pieces for 
agent. As far as possible, implements should h<i the removal of br(‘akag(*s, and for rejilaeing 
manufactured of Avrought iron or steel, and wood wearing ])art.s. The fariu(‘r should, indeed, 
— where wood is employed — of the tougliest master the mechanism of the hinder, and 
kind ; and it is here that, as a rule, British es|)eeiaily learn Iioav far he can himself repair it, 
goods are so much superior to those made both and when it becomes necessary to call in the aid 

in America and on the Continent. Again, of a skilled mechanic. All wearing and otluT 

wherever possible, implements and machines parts likely to he required during harvi^st should 

should he selected in which the wearing parts can he kept on hand, and esjjccially the knife sections, 

be most easily replaced, ami here there is great dif- fingei's, rivets, nuts, screws, and sheets, 

ferenco in the productions of the various makers. The Reaper, The ordinary reaper cuts 
Carts and Waggons.' Carts and waggons c;orn like the self-binder, revolving sails swtc])- 

should he made of the best and toughest timbei’s, ing it on tlie ground in untied sheaves as it falls 

esiKicially where the greatest strain occurs, and on the platform, halving it to he tied by hand, 

provided with strong axles, substantial wheels. This machine, although h(‘avy to work, is k'ss 

strong arms and raves, good bottoms, and extra complicated, and is useful wIktc tying is im- 

Itrong angles. Care sliould be taken in making possible. A combir 1 (‘d grass mowia* and reaper 

a selection that the wheels, and tyres are of U made by some lirmg, removable parts being 

such a width as the nature of the soil demands. attached for cutting corn ; a S(*c*ond man rides 

Good carts are sometimes — more often in the with the driver, and sweeps off the com by 

past than the present — made on the farm wdicro a hand in sheaf-size lots as it is cut. In each 

sliilled wheelwright is obtainable. A cart should case Aveariifg jiarts should in stock, tlu? 
tip easily, and where intended for use in hay-time machine regularly examined, cleaned, oiled, 

EMBm¥eFAiiHN6rU^T0Wl)AIRYW 
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painted where necessary, and' always kept in 
workable condition. 

Potato Raisers and Planters. The 

potato i^laiiter is one of the newest and most 
ingenious farm implements. It ploughs two (or 
four) furrows, plants the seed f)otatoes at regular 
intervals— which can be varied at pleasure — 
covers them over, and forms the rows. 

There are several iinpleiiients or machines in 
the market which are intended to raise the 
potato crop with expedition and completeness, 
•^rho sinij)lest is the ridging plough, to which a 
specnally square-pointed head and breasts are 
attached. When at work the point of the imple- 
ment passes beneath the tubci*s, which, with the 
soil, are thrown right and left, ready for picking 
up. A more elaborate machine is made with a 
broad, horizontal blade, which passes beneath 
and lifts the potatoes, with the soil and haulm 
attached, these being separated by revolving 
tines at the back of the machine. Better and 
quicker w'ork is performed than with the plough, 
w'hich necessarily leaves some tubers in the soil, 
these being recovered only, but not always 
cmtirely, after harrowing. A still more elaborate 
and costly potato raiser, made on a similar 
principle, lifts the tubers clear of the soil, raises, 
sorts, and bags them at one operation. It is 
questionable, however, w'hether it is really 
economical in practices^ to bag potatoes which 
have not been allowed *to remain exposed to the 
sun and air to dry before picking. 

Drills. Drills are made iti great variety, 
but chiefly on two priuci[)les. In the cup drill the 
seed receptacle is carried betw’ccn two wlusds, 
a siicond pair of wheels in front being chiefly 
employed for steering. Passing through the seed 
rceeptack^ is a rod upon which are discs littod 
with small cups. WIkui at work and in gear the 
rod ievolv<\s, the seed is picked up by the 
cups from beneath, and dropped into vertical 
cylinders, and thence into somewhat heavy metal 
coulters, which are drawn through the soil, 
making narrow furrows, into which the seed is 
doposiU'd as they j)ass along. (Hips of various 
siz(‘s arc employed in accordance with the kind 
of so<*d used, while tlu? quantity sown is regu- 
lated by the aid of cog-wheels, which are change- 
able, and w'liich increase or decrease the r(5volu- 
tions of th<* cups as may be necessary. 

The cup drill does not sow exceptionally largo 
or small seeds, such as beans or grasses, the 
system of regulating the quantity per acre is 
impi^rfect, and there is no possibility of measuring 
the area sown. The drill, too, is cumbersome 
and hcavv in draiight, and therefore slow in 
work, while it requires more horses and men than 
should bo essential. On the other hand, the force- 
feed drill is of lighter construction, drawn by two 
horses instead of three, find worked by a man 
and a boy. A larger variety of seed can be 
sown with greater accuracy and speed, and the 
«rea sown can bo measured. , 

The Mangel«drill. Small drills, drawn 
by one horse, are employed for mangels, and here 
Sj^cially formed rollera are attached to fit 
the ridges beneath the surface on which the 
eee(J is deposited. Large numbers of farmcra, 
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however, employ the cup drill already referred 
Ibo, but in this case the ordinary receptacle is 
removed and replaced by one of larger size, taking 
both seed and manure, which are simultaneously 
drilled. Here, again, however, the machine 
is still more cumbersome and inadequate. The 
sowing of grass seeds by the aid of a separate 
attachment is practically impossible with the 
cup drill, but the practice is followed where the 
forco-feed drill is in use. 

The sccd-barrow is an implement composed of 
a very long, V-shaped box with a lid, which 
is divided by partitions into compartments. 
At fixed distances there are discs with holes of 
various sizes, any of which are opened in practice 
in accordance with the quantity and variety of 
seed used. Passing through the length of tho 
box is a rod upon which circular brushes are 
fixed. When in work these bnishes revolve 
and push the seed through tho holes opened for 
the purpose. The seeds sown by the seed-barrow 
are grasses and clovers, the implement being 
wheeled across the field by hand. There is, 
however, no syskuri of regulation beyond that 
referred to, which is primitive and unworthy of 
advanced agriculture. 

The Threshing Machine.- The threshing 
machine is large and heavy, but cleverly con- 
structed ; it is drivt'u by a stc^am-onginc, to which 
a belt is atiacbed. The machine is placed beside 
the corn I'iek, the sheaves or loose com an* 
tossed on to the })latform, passed into the* 
machine by the fccd(U’, tho grain is removed from 
th(‘ ears, screened, and in due course shot into a 
sack suitably placed to receive it. Simultane- 
ously tho straw, cavings, chalf, and rubbish 
(diielly dust and weed se(‘d — are deposited ’out- 
side, while tho tail, or inferior com, passes 
into a second sack. It is seldom that a threshing 
machine is found upon a farm, the practice being 
to hire it when required, on conditions which 
vary more or loss in accordance with tho practice 
in the district. 

The Straw Trusser. Tho straw trusscr is 
now, made for attachment to the thresher, so 
that, when required, the straw may be tied in 
truss(*s for sale as fast as it comes from thc^ 
machine. It is costly, but is frequently obtain- 
able on hire, on reasonable terms, from those 
persons who let out threshing machines. 

Presses. Hay and straw presses are now 
comparatively numerous, and are made for botli 
steam and hand power, the smaller hand machines 
enabling a capable workman to tie a large quan- 
tity of hay — ^for which they are chiefly used— in a 
day, string being employed instead of hay or 
straw bands, which occupy much time in making, 
while tho pressed hay occupies much loss spacq, 
on tho waggon and in tho railway truck, and 
consequently costs less for conveyance to the 
buyer. It is important that the hay press should 
be strong, and that a weighing apparatus should 
bo attached. 

The Weighing Machine. Tho weighing 
machine is chiefly employed for granary work, or 
for checking tho weight oi cake, manure, and seed. 
On some farms a weighbridge for. weighing stock 
forms part of tho equipment. 



THE EVERYDAY WORK ON THE FARM 
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The Winnower. Before delivery, the 
already threshed corn is passed through the 
winnower for further cleaning and dressing, that 
the sample may bo finer, and realise a higher 
price. 'J'he bbist of this machine should be 
sufficiently effect ivo to remove what is not re- 
jected by tin; soixK^ns and riddles, especially 
in the case of barley. Hand samples of dressed 
and undres.s(Ml barley, wheat, or oats, placed 
side by side, will show the importance of the 
])roccss, two or three light grains being sufficrient, 
in the buyer’s eyes, to warrant a lower price. 

The Mowing Machine. A necessary 
implement on all farms, the mowing machine is 
ijs(*d for cutting grass, clover, lucerne, sainfoin, 
and mixtures. The knife works on the principle 
adopted in the reaper, the crop being laid in even 
swathes. It is important that the mow^cr should 
be at once light and strong, and among the 
many makes in the markc^t it is now somewhat 
easy to obtain what is required. 

The Horse-raKe and Hay»drag. Made 
in two forms, it is desirable that the horse- 
rako should be as wide 
as possible, in order that 
a considerable sweep may 
bo taken at one opera- 
tion. Owing, however, to 
iho limit of the width 
of gateways, it is ruices- 
sary that the wider rakes 
should bo expansive and 
contractive at w'ill, and 
thus it is that we have 
tbo telescope horse- rHk(\ 

The machine should be 
light, suitable to one 
horse, and so simply con- 
structed that tho hay, 
wlum raked, may bo 
easily released by the 
driver. Tho tines should 
bo flexible, and all j)arts easily replaced wlu^n 
necessary. The borse-rak(% which is used for 
both hay and corn, is now suj)plement'<xl by 
the hay-drag, w hich is draw n by a team of horses, 
one at each end of tho imjdenient. The strength 
employed enables the driver to collect a very 
large quantity of hay, and to deliver it at tho 
foot of tho rick if necessary. 

The Haymaker and Swathe-turner. 
Tho haymaker is an impkanent upon which are 
a number of revolving tines or s))ring teeth, which 
pick up the partially made hay, lift, and toss it 
into the air. Tho machine practically super- 
sedes tho old-fashioned hayfork. 

The swathc-tiimer is a maeliino whudi, the 
upper side of the newly cut grass being dry as it 
lies in sw'atho, turns it over cleanly and rapidly, 
that the under side? may, bo dried also. This 
machine is one of tho most important and 
valuable on the grass farm. 

The Hay-loader. A machine of American 
invention, tho hay-loader is intended ‘to pick up 
hay as it lies in windrows and elevate it to the 
waggon, thus dispensing with a couple of men. 
its work is rapid and useful, but the land still 
iiecdB raking in the ordinary way. 
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The Elevator. The elevator is a large 
implement, worked by the aid of a horse, which 
conveys upon metal-iincd carriers, travelling on 
endless chains, the hay or straw from the ground 
or tho cart to tho top of the rick which is being 
built. It is a labour-saving implement of groat 
value, although costly in tho first instance. 

The Plough. Tho one implement without 
which arable land culture is impossible is the 
plough. Tho number of makers, and the variety 
made by each maker, arc so large t hat tho buyer 
of a plough ma 3 " bo excused if he becomes confused 
and finds selection difficult. Having, however, 
decided upon the type and tho maker, his wisest 
plan is to ask that a skilk^d waukmari may be sent 
to the farm with a suitable assortment, and that 
each may bo tried on tho land, for much depends 
upon the selection of tho best and most suitable 
implement. Something may bo learned by ex- 
amining tho work performed on neighbouring 
farms if the soil is similar, and noticing the prin- 
ciple adopted. Again, when several })loughs are 
being tested, it is well to invito neighbouring 
farmers of experience to 
witness and criticise the 
work, and to compare it 
with their own. 

Tho object of ])lough- 
ing is chiefly to prepare 
a seed-bed. To this end 
the soil may be ploughed 
Hiilliciently d(M.'p and laid 
up so that it will pul- 
verise as pi'r'fectly as pos- 
sible. It is also import- 
aiit that the w'ork should 
be done with as little 
draught or waste of 
])owa^r, and as quickly as 
possible. The plough se- 
lei^tial should be one in 
which the wearing parts 
of the breast, as well as tho points and fins, should 
be replaceable. It may be tliat a double-furrowed 
))lough will prove the most economical, and that, 
three -or four horses, driven by one man, will do 
as mueh as two pairs of horses and two ploughs 
driven by tw^o men, or that a riding plough will 
better satisfy the ploughman, and encourage 
him to do more or better work. It is time that the 
cumbersome ploughs eini)loycd in Kent and other 
Knglish counties were replaced by the modern 
iron and steel ploughs, which do more, if not 
better, work, with less draught. Additions for 
skimming, sub-soiling, and broad-sharing should, 
if ]mssibie, bo obtained for attachment to one 
and the same implement. 8tearn ploughs and 
motor-ploughs have been elsewhere mentioned 
(see pp. 24 and 25). 

Harrows. Harrows are of vsrious forms, 
sizes, and weights. Seed-harrows are light in 
structure, sharpened tines being fixed with nuts 
to iron frames. A set usually consists of three 
or four distinct harrows linked to a wooden bar, 
to which the draught-chains of the horses are 
attached. Heavier harrows for working down the 
soil and preparing a seed- bed are made both with 
iron and wooden frames, the latter sometimes 
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being very clumsy. Drag-harrows are provided 
with bent tines, which enable thorn to pierce the 
ground to greater depth, and thus break up clods 
which are almost or entirely buried. Chain- 
harrows, made in various forms, consist of a 
number of iron links, which are usually provided 
with points on one side. Those are intended for 
work on grass-land in spring, and, as occasion 
requires, on arable land, especially whore it is 
necessary to collect weeds and other materials 
brought to the surface by sharp-pointed harrows. 

Cultivators, Grubbers, and Scuff lers. 
Implements drawn upon wheels, and ])rovidod 
with curved tines intended for entering the soil, 
reducing the size of tlie clods, preparing tilth, 
and removing weeds, cultivators, grubbers, and 
scufflers, are made in various forms and sizes. 
In some cases modem eultivators are combined 
tools — broad-shares for paring the surface, hoes, 
and duck-foot shaped points being provided for 
replacing the tines as occasion requires. The 
tines, like the other wearing parts named, are 
raised from the ground by the aid of a lever 


charge is able to dress his own the stone mill is 
found the most satisfactory. 

The Pulper, or SHcer. The pulpcr, or 
sheer, is intended for cutting up mangels and 
swedes into pulp, slices, or finger- pieces in thv. 
preparation of a stock ration. The knives should 
b*^ reversible or easily replaced, and the machiiu^ 
should be one which cannot clog. The knife 
discs are usually verti(;al, but a machine now 
exists in which they are horizontal. 

The Chaff-cutter and CaKe-hreaker, 
The chatf* cutter cuts hay and straw into short 
h‘iigths, either by hand, horse, steam, or other 
power. The mater ial is placed in a wooihm trough, 
drawn forward by the action of specially made 
rollers and under the revolving knives, which, 
fixed on a fly-wheel, pass rapidly over the face 
ot the pressed fodder. It is essential, to comply 
with the law, that a chaff-cutter should be so 
constructed that it is practically impossible for 
the workman feeding it to meet with harm. 

The cake- breaker is a machine intended to 
crush into small jricces the hard linseed, cotton - 
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when the implement is out of work. More 
recently flexible or spring-tiiied cultivators have 
been introduced. 

Rollers. The roller is made in several 
forms, the modern implement being of iron. 
The weight, width, and diameter of the roller 
depend upon the work it is intended to perform. 
It is made to resemble a whole cylinder, or a 
cylinder in sections, or it may consist entirely 
of rings, each of wdrich fits loostdy on an axle, 
'rhe clod crusher, another form of roller, consists 
of lings, which are stTrated. The roller is used 
on grass-land intended for hay, on arable land 
t-fter lowing, and on land in process of cultivation 
(-t various stages, when it becomt^s necessary to 
reduce the coarse soil into fine tilth. 

The Grinding or Grist Mill. Used on 
most farms where steam is employe^l, the object of 
the grinding or grist mill is to provide the meal 
intended for feeding stock in general, and for 
crushing, bruising, or kibbling oats, maize, barley, 
or wheat. In most instances the wearing parts of 
grist-mills, which are easily rtiplaced when worn, 
dre made of steel, but where, the workman in 


siH»d, and other cakes which art? used for stock. 
As each cake is passed into the machine it i« 
seized by the spiked rollera provided for the 
puqiose of breaking it down. In the btjst 
machines there are two pairs of rollers. 

On every farm there are many minor imple- 
ments and tools wdiich are essential, one or more 
btnng in demand oii almost evt*ry working day. 
These include baud and drag rakes necessary in 
the hay and corn field ; a hay-knife for cutting 
hay or straw’ from the stack ; tw'o or three scythes, 
w'ith stone rubbers ; a grindstone, which should 
be of the be,st make obtainable; a weighing 
machine, w'ith a guard to hold up a sack of 
corn; milking pails and stools; cattle-chains; 
stable equipment, including corn bin, sieves, 
brushes, curry and iiiauo combs ; lanterns, forks, 
shovels, brooms, spades, hoes, and rakes for 
line work ; beetle and wedges for splitting timber ; 
an axe; a cart -jack; various spannei^ ; tools 
suitable for hedging, cleaning ditches, draining, 
the mending of gates and fences, and painting of 
waggons, carts, and the various implements of 
the farm. »IAMES LONG 
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Bleaching Powder. Calcium. Metallic Elements, including 
Aluminium, Magnesium, Manganese, Iron, and Zinc. 


MORE ELEMENTS IN DETAIL 


Bleaching Powder. Bleaching powder 
is .anotlier v^ery important siihstanco which 
coiilTiins calcium, though this is really not the 
most important ('Umieiit in its composition, 
it is })n*pare(l by the action of chlorine — 
its activi^ ingredient - on calcium hydrate, or 
slaked lime. "I’his last, ])r(‘[)ar(^d with great 
care and free from impurity, is spread out in 
thin layers over the floor of stone chainbi^rs, and 
then chlorine gas is passed over it. The 
compound that is formed is of somewhat un- 
certain composition ; it may pertiaps he 
described as a mixture, or rather a semi-coni- 
poiind, of chloride and oxychloride of lime, and 
its composition may be indicated by the formula 
(^aO(.1('l. This formula is only ajijuoximate, 
and must not at all be t.ak(‘n as comiiarablc vvitli 
the other formulas we have seen, which art^ 
exact. The readc'r should be sun? that ho 
appreciates what these formulas mean, for he 
will be greatly handicapped in his study of 
cluunislry until hi? has mastered its alphabid. 
(See Chapters.) At any rati', bleaching pow- 
der contains a supiulluity of chlorine, wliich it 
is ready to dispose of, and to which it owes its 
properties. 

Another very common salt of calcium is its 
thioridi', which has the formula (.'aK.^. This 
occurs as a very common mineral, very often 
in assoi*iation with the ores of lead, and usually 
known as or Jluot'ite., 

It forms very nearly transparent eryst.als, 
most friupiently cubical.' It is hard but brittle, 
and occurs in a large number of dilTerent colours, 
of which the most common is violet. Sometimes 
it occurs in alternate hands of violet and colour- 
less structure ; this form is commonly ktiow'n 
ds Derbyshire sjiar. 

Salts of Calcium. T he sulphate of calcium 
((^iS 04 ) is an important salt, which occurs in 
Nature ii? ditl'erent forms. One of these, ‘some- 
times calleil anhydrite, contains no water, but 
eommoiUT forms, such as gy|>sum, contain two 
molecules of water of crystallisation to each 
molecule of the sulphate. Other water-eontain- 
iug forms of sulphate of lime arc selenite and 
alabaster. ►Selenite is practic;ally equivalent 
to gypsum, and alabaster is almost* identical. 

I hi? latter has a pi'arly lustre, is never trans- 
parent, is quite soft- — in this resjx'ct these 
forms contrast markedly with anhydrite— and 
thus it can he very readily carved or turned ; 
but it must not be exposed to rain, as it is soluble 
in water, though only skghtly. If these forms 
of sulphate of lime be heated, then? is derived 
the cement-like substance called pLastcr-of- Paris, 
In practice this is always obtained from the 
eominonest form, which is gypsum. When 
heated at a temperature considerably above the 


boiling point of water, it loses its water of 
crystallisation, and forms a plastic substance 
which can be moulded to any form, and which 
on mixture witli water speedily sets into a hard, 
rigid mass, which consists of a union, if not a 
true chemical combination, between the water 
and tlie salt. It is certainly more than a mere 
mixture of the two. This wo know because a 
good deal of heat is produced as the plaster 
sets, and the evolution of h(?at is an invariable 
sign of the satisfaction of chemical ahinity. 

The sulphide of lime (DaS) is luminous in the 
dark, and may therefore be used to amuse 
ohildren, and so forth. At one time it was 
largely employed in m(?dieine, but is probably of 
no particular value as a drug. 

'i'he phosphite of lime, *a compound of lime 
and ])bosphoric aeiti, occurs in Nature as a, 
mineral ealletl apalite. It is constantly found 
in the animal body, forming some 60 per cent, 
of the striictiiri? of tin? bones, and even a higher 
])roportion of the teetli. IMinute quantities of 
the iluoride of ealeium, mi'iitioned above, are 
also found in the teeth. 

Barium. Jhirium is a very heavy metal 
which closi'ly resi'mbli's ealeium in many of its 
chemical properties. ft< has lecently ol)tained 
much fresh theoretical im))oi tauee from the fact 
that it seems to have certain relations to radium. 
Its atomic weight is about 137. Its name is 
derived from the (Jreck word barySf “ heavy,” ’ 
as in ” baritone.” 

Barium is nf?ver found in the elemental state 
ill Nature, as a metal, but occurs in the form 
of two salts — the sulphate, which forms the 
mineral known as barytes, or heavy spar, and tin' 
carbonate. Like sodium and jjotassiuin, barium 
was lirst isolated by Sir Humphry Davy. Its 
oxide closely corresponds to the oxide of calcium, 
and lias a similar formula, BaO. It is known as 
baryta. The characteristic colour produced by 
barium salts when they are heated to incan- 
descence is green, and some of them, such as the 
cliloridi? and nitrate, are often used in fireworks 
for this purpose. 

Barium also forms a dioxide (having the for- 
mula BaOo), as indeed docs calcium. The 
calcium salt is of no importance, but the barium 
salt is used as a means of preparing oxygen in 
large quantities. In the first place the salt is 
formed by heating the ordinary oxide to dull 
redness in air, from which it takes a certain 
amount of oxygon so as to form the dioxide. 
When this is heated still furthdf it giv(?s oil' 
the extra oxygen which it had taken U]) at the 
lower temperature. Instead of thus working 
with temperature, the same changes may ht? 
made to occur by altering the pressure, which 
comes to the same thing. Air is forced into 
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tubes containing the oxide, the dioxide being 
formed while the niiiogen of the air e 8 oa|} 08 . 
Then, when the pressure is lowered, the oxygen 
previously taken up ie^ giA en off again, and can 
be collected. 

Strontium. The last element dealt with in 
this group is strontium^ which is of less im- 
portance than any of the others. Its atomic 
weight is about 87*5, and its chemical symbol 
Sr.’ It also was first discovered by Davy, being 
prepared, as wo have already seen, by electro- 
lysis of the fused chloride. ’It is a yellowish, 
malleable metal, which readily oxidises on 
exposure to the air, and also decomposes water 
in the fashion which should now be familiar. 
It is found in Nature in the form of the sulphate 
and carbonate. As in the case of barium, its 
chloride and nitrate are soluble, and can be 
used, especially the latter, in fireworks. It 
produces a splendid crimson colour. The 
sulphate of strontium is peculiar in that it is 
less soluble in hot water than in cold. 

Magnesium and zinc are the next two metals 
to be discussed, since they form a group. They 
are both metals heavier than water, but, unlike 
the preceding metals, are not liable to act upon 
it, save slightly, if the water be boiled. 

Magnesium. Magnesium is not found in 
the elemental form in Nature, but is abundant in 
certain compounds. Of these the commonest are 
the carbonate, the double carbonate of calcium 
and magnesium, which is known as dolomik, 
the sulphate (which occurs, for instance, as the 
mineral Epsoniite, reminding us of the medi- 
cinal use of the sulphate of magnesium, or 
Epsom salts), carnaUiley which is a double 
chloride of magnesium and potassium, and in 
the form of various mixed silicates, such as 
iusbesios, lournialiney and meersclmum, (literally 
sea-foam). Again it is Sir Humphry Davy who 
lirst isolated metallic magnesium. 

The metal is now prepared from its chloride, 
from which it is displaced by means of metallic 
sodium. It is extremely light, insoluble in 
water, but readily soluble in acids. Its atomic 
weight is 24, and its symbol Mg. The reader 
must not confuse magnesium (with the symbol 
xMg) and manganesiuni, or manganese, which 
has the symbol Mn. When magnesium is 
heated in air it burns with an exceedingly 
brilliant light, and forms the oxide of magnesium, 
MgO. .This is usually known as magnesia; 
and is a tasteless, insoluble, light, white powder 
of considerable use in medicine. It is not, 
however, usually prepared by the oxidation of 
magnesium, but by heating magnesium car- 
bonate, which salt is decomposed, giving off 
carbonic acid in a manner exactly similar to the 
decomposition of calcium carbonate and the 
formation of quicklime. 

The light produced by the oxidation of mag- 
nesium is not only extremely brilliant, but is 
especially^ rich in those high-pitched or 

actinic *’ rays which are most markedly 
powerful in their ‘chemical action on a photo- 

a hio plate. Hence it is largely us^ for 
-lights in photo^aphy. 


Zinc. Zinc has the symbol Zn, and its atomic 
weight is ()5. It occurs in Nature only in com- 
bination in the forms of carbonate, usually 
known as calandw, and the sulphide, which is 
known as bhndfy or “ black-jack.” Calamine is 
of no particular importance; sometimes it is 
powdered, carefully puritied, and tinted, for 
application to the face. It is from the blende 
that metallic zinc is prepared. The blende is 
roasted in air, yielding zine oxide and the oxide 
of suphur, which is volatile, and escapes. The 
oxide, which is a powdiT, is treated with charcoal, 
which takes the oxygen from it. The operation 
is conducted at a liigh temperature, at w'hich 
the zinc is produced in gaseous form. It is 
never obtained pure by this process. Zinc does 
not tarnish readily in the air, and so may bo 
used for coating sheets of iron, and thus pro- 
tecting them from , the atmosphere. Iron thus 
treated is known as galvanised iron. The zinc is 
not alfected even if the air bo moist. 

The use of zinc instead of lead in the prepara* 
tioii of paints is of the utmost importance, for 
lead is the cause of grave industrial poisoning, 
causing many deaths every year, while the indus- 
trial preparation and use of zinc are free from all 
danger to life and health. When zine is strongly 
healed, it readily burns and forms an oxide 
(ZnO). This oxide is of some use in medicine, 
being incorporated with lard as zinc ointment, 
which is soothing to the skin, and feebly but 
usefully antiseptic. 

The chloride of zinc, having the formula ZnCl.j, 
is obtained by evaporating a solution of zinc in 
hydrochloric acid ; it is a veiy powerful anti- 
sept ie, and is tht; basis of Burnett’s Disinfecting 
Fluid. Zinc forms some important alloys. With 
copper it forms brass, which is made by meU-iug 
copper and adding zinc to it ; with tin it forms 
bronze, and with copper and nickel it becomes 
“ German silver.’’ 

Boron. The next group of dements w’e 
have to consider consists of boron and alu- 
minium, the latter of which is fulfilling its 
promise of great importance. Boron has the 
symbol B, and its atomic weight is about ll. 
It is not to be regarded as a metal. It was 
first isolated in 1808, the year following th(^ 
discovery of sodium and potassium. It is not 
found in the elemental form in Nature, but occurs 
chiefly as borax, already discussed under sodium. 
Borax jias a very feeble antiseptic property, 
but this is decidedly more marked in boric a(;id, 
or horacic acid, which is derived by the union 
of w'ater with the oxide of boron. This oxide has 
the formula B.^O-j. 

Boracic acid may be obtained by the action of 
. a strong acid upon borax, but this method is not 
usually employed, since Jhe acid occurs in Nature 
in certain springs in Tuscany. From the water 
of these springs it may be prepared by evapo- 
ration. The uses of the acid as a mild antiseptic 
are familiar.* Hccent research in the United 
States has proved that boracic acid .is injurious 
when constantly consumed in foods to which it 
has been added as a preserv^ativo, and regulations 
now limit its use in this country. 
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Boron alno occurs in larj?e quantities as the 
mineral called boracite, which is a compound 
or combination of th(^ horato of niagncsium and 
the chloride of jnagnesium. It occairs in asso- 
ciation with gypsum and with common salt in 
some parts of Otu rnany. It is of no practical 
importan(*(‘, and the same may bo said of all 
th(3 otluT coin[)Ounds of boron. 

Aluminium. The next metal with which we 
have to d(wil — aluminium— is exceedingly abun- 
dant, as wo hav(* already seen, and has lately 
become of very great commercial and practical 
importance, it is a white metal, specially 
characterised by its extreme ligbtness. Its 
spei-.itic gnivity - that is to say, its weight 
compared to the wi*ight of water, i(*presented as 
1 [see Physics]— is only 2*0. Besides this 
extreme lightness, whleli is often of much 
praeti(;al value, aluminium has other useful 
])hysical properties. It is ductile, and (^an be 
drawn into wire ; it can also he readily east, 
and can he rolled into sh(‘els. Jt melts at the 
comparatively low temj)eiature of 70{P C. 
Aluminium tarnislu s very slowly on <‘X]>osure to 
air, but it forms alloys which are in this and 
some oth(T respects mon; valuable tlian itself, 
its alloy with coj)p<'r, for itistance, known as 
aluminium bronze, is scarcely liable to tarnish 
at all ; it is of a yellowish colour. 

Though so abundant, being a constituent of 
most rocks, and the characterisfic; clement of 
(flay, aluminium has hecai very (‘xpensive until 
recent times to obtain in a pnr(‘ state. At 
the present time, howev(‘r, aluminium is pre- 
pan‘d by an electrical method which has enor- 
mously rt'dueed its cost. 

The principle is that of electrolysis, consisting 
essentially iu the passage of a powerful electrical 
current thro\igh molten solutions containing the 
r('(juir(d })r<>(luet. The principle in j)resent use 
WHS discovered about a quarter of a eentury ago. 
The material employed for electrolytic produc- 
tion is a mixture of cryolite -the double lluoride 
of aluminium and sodiiini, with alumina. 

One of the widest ])rae(ical us(‘s of this metal 
at the present time is in the puritication of 
iron and steel — a use which is due to the fact 
that the metal at high temi)eratur(^s is able to 
decompose the oxides of neaily all other metals. 
It makes cxcelk'ul. cooking uterisils, which do 
not break or ehij) or rust, are exiieedingly light, 
* and make no j)ois()nous contribiitjon to the food 
cookeil in them. It is also hirgely coming into 
use in some direct ions in t he "i)lace of copper 
as a conductor of (‘leclricdty. 

The com[)OUiid alumina, which lias already 
been mentioned, may be prejiared as a white 
jjowd(U’, wliicli is characterised by its gn^at 
allinity for colouring mattei’s, and is thus largely 
used in dyeing and colour niaiiufacturo. The 
substance formed by the union of the colouring 
matter and the alumina is usually known as a 
lake. In its crystalline form aluiuiria is second 
only to the diamond in the scale of hardness. [See 
Physics.] Tinted by various impurities, it forms 
some of the most beautiful of ])rccious stones, 
such as the ruby, the sapphire, and the amethyst. 
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A New Group. Our next group consists of 
one exceedingly important element, iron, and 
four of less importance, chromium, manganeae, 
coball, and nickel. The sources of these metals 
are as follow^s : (Chromium occurs mainly as 
ehrome-iron ore, which is a double oxide of iron 
and chromium ; manganese occurs in the form 
of its oxide, which has the formula MnOo ; 
nickel occurs in New Caledonia in the form of a 
silicate of nickel and magnesium ; and both 
nickel and cobalt are found in Nature in com- 
bination with arsenic. 

These metals arc to be obtained in the pure 
metallic state by means of carbon, which turns 
them out of their oxides. We may first of all 
dispose of the four unimportant members of this 
group before going on to deal with iron, wdiicli 
demands lengthy consideration. 

Chromium. Enough has already been said 
about the source and preparation of this metal ; 
it is extremely hard, and of a grey-green (H>lour. 
It conibiiK^s with oxygen in various proportions, 
the most important compound of the two ele- 
ments being chromic oxide, which has tlio 
formula Ci’oO..;. This is sold as a j)igment under 
(he name of emerald-green, an accurate name, 
since the (colour of the emc*rald is duo to small 
(plant ities of chromium. 'J'licre is also a double 
sulphate of chromium and ])otassinm, which is 
known as chrome alum, 'fhe name is a bad one, 
sinc(5 it contains no aluminium. The salt forms 
]uirple crystals, \vhich are much employed in 
dyeing, calico printing, and like processes. 

Manganese. Manganc'se, w^hieli must never 
be confused with magnesium, occurs in Nature in 
several combinations besides the black oxide 
(MnOo) already mentioncxl. Jh'(q)ared as stated 
above, it is a very hard, brittks whitish metal, 
wdiich cannot be pr(‘S(*rved in air, since it rafiidly 
d<'comp(3S(‘H the wat(‘r eoritaiiu'd iu air, becoming 
itself oxidised and giving off hydrogen. 

Naturally enough, metallic iiiangaucsc has no 
commercial uses, but its oxides are used in glass- 
making ; and its alloys with iron, with wiiicli 
it freipnmtly ocjciirs in Nature, are very valuable, 
as such iron yiiids viay superior steel. 

A very useful coinjjound of manganese is the 
salt known as permanganate of potassium, 
wiiich has the formula KMiiO,!. It occurs in 
the form of small purple crystals. When these 
are dissolved they form a deeply coloured solu- 
tion, with a very urqileasant taste, a variant of 
wliieh is familiar to everyone under the name of 
Condy’s Fluid. This compound contains an (‘XOi^m; 
of oxygen, wiiieh, iu the presence of water, it is 
very ready to give up to organic bodies. In con- 
sequence of the dccomj)osition which then occurs, 
the solution losers its purple colour, and becomes a 
dirty brown, due to the formation of the bla(;k 
oxide of manganese. This change in colour 
has the advantage that it enables one to sec 
whether or not solutions of the salt have uiuler- 
gor\o decomposition. The solutions of this 
salt have been largely praised as antiseptics, 
and are still very generally believed in, but its 
virtues have been very much exaggerated. 
It should bo looked upon rather as a deodorisi r 
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than as a true antiseptic. It has only very 
slight action against microbes, but it helps to 
complete the oxidation of the products of their 
action, and thus removes foul smells. It readily 
stains linen, cotton, and the like, but the stain 
may be removed by applying sulphurous acid, 
and then immediately washing out the fabric in 
water. Its oxidising properties render it very 
useful, if adjninistered early* as an anfidoto 
in morphia poisoning. It oxidises any morphia 
that may remain in the stomach, whether 
taken as such or in the form of o})ium, and 
thus prevents it from acting. The same is true 
of snake venom, if the salt be locally applied. 

Cobalt. This is a reddish-white metab 
found, as stated, in combination with arsenic 
and also as cobalt glance., which is a compound of 
cobalt, arsenic, and soda. Compounds of cobalt, 
having a blue colour, are uted as pigments, and 
also for giving a blue colour to glass and x)orcelain. 

Nickel. Nickel is a metal of somewhat 
more importance than the others, chiefly in 
virtue of its use in strengthening steel. 
Steel containing a small percentage of nickel 
is so much harder than ordinary steel that it is 
said to offer about 20 per cent, better protection 
as armour plate for ships than the best ordinary 
steel. Nickel is also used in the form of an 
alloy with copper for the manufacture of coins. 
The subject of nickel-plating is treated elsewhere. 
The metal closely resembles the others of this 
group. It is of a silvery- white colour, very hard, 
though mallcabki, nad melts at a very high 
lemperaturc. [See also Mktals, pages 1321.1 

Iron. Iron is, of (?ourso, by far the most 
important and useful of all the metals, having an 
extraordinary variety of uses, and being indis- 
pensable in the living body, in manufacture, 
in the arts, and in medicine. Very small quan- 
tities of the metal are found in the pure state oh 
the earth, and these only in ro(dvs of volcanic 
origin. Iron, however, appears to occur exten- 
sively in its uncombined form in the heavens, and 
uncombined or metallic iron is found in quite 
considerable quantities in meteorites. fSee 
Astronomy.] The most valuable ores of iron 
arc various oxides and the carbonate, these being 
the compounds of commercial importance. The 
magnetic oxide of iron, sometimes called mag- 
vetite, has the formula Fe-jOj. Another oxide 
(bVjjO.j) is known as haematite, and this occurs in 
several forms. I’hc carbonate, no less important, 
000111*8 in what is called , spathic iron ore, clay iron- 
stone, or clay- band, in which it is mixed with 
clay ; and as black-hand, in which it is mixed 
with coal. Large quantities of these ores occur 
in this country. Other compounds also have a 
wide distribution. Iron pyrites, for instance, 
which has the formula Fe8.j, is used less as a 
source of iron than as a source of sulphur. Sili- 
cates of iron occur in many rocks and minerals. 

The extraction of iron from its ores, with 
the methods and processes employed, and the 
making of wrought iron, are treated fully in other 
pages. [See Metals, pages 405, 629, 659.] The 
manufaeture of steel, steel alloys, and the special 
steels, as well os full details* of the Bessemer 


and ' open-hoarth steel-making processes, are 
covered in the articles beginning on pages 
794, 924, and 1040. 

Mild steel is now employed for all purpo8«*H 
for which wrought iron was form<irly employed, 
and today steel is better than ever it was— 
thanlcs not least to the use of the microscope 
in its study, especially under Professor Arnold, 
in the Fniversity of Sheffield. 

Iron Chemically Considered. Wc will 
proceed to consider iron from the chemical point of 
view'. Tlio best way in which to obtain absolutely 
pure iron is by tlie action of hydrogen gas upon 
one of tlu5 oxides of iron, which the hydrogem 
reduces. To reduce a body is to take oxygen from 
it; hence a reducing agent itself undergo(‘s oxida- 
tion while effecting the reduction of something 
else. But this pure iron is very unstable, for 
in the presence of moisture and air it rusts very 
rapidly, forming various compounds, such as the 
oxide. For ])ractical purposes, therefore, tin; 
surface of the iron requires to be treated with 
something which w'ill withstand the action of the 
air. Such a substance is zinc, or, rather, an alloy 
of zinc and iron. When thoroughly clean, wrought 
iron is dipped into a bath of melted zinc, w'hich is 
deposited upon it. This galvanised iron, as it is 
called for some mysterious reason, is in wdde 
use in virtue of its resistanco to all atmospheric 
action. iSimilarly, the iron may be coatal w'ith tin, 
yielding a product the manufacture of which is a 
trade involving grave injury to many of those 
employed in it. 

Iron has very marked magnetiij qualities. I'lio 
lodestane, for instance, formerly used as a 
conq)as8 by sailors — lodestone seems to mean 
“ leading stone ” — is an oxide of iron, and has the 
formula Fe.jO|. It is now usually known as 
magnetite, or the magnetic oxide. Other forms 
of iron are also capable of easy magnetisation — 
that is to say, they respond to the attraction of 
magnets, and can themselves bo converted into 
magnets. fSteel has like 2 >roperties, with greater 
power of maintaining the magnetic quality. 

The other important oxides of iron arc ferrous 
oxide, which has the formula FeO, and ferric 
oxide, which has the formula Fe.^0;i. 

Difference Between ** ous ** and ** ic.’* 
Here w'e may exjdain, once and for all, the use 
of these two terminations “ ic ” and ous.” , 
When the Romans w'anted to express fulness,^ 
they made an adjective terminating with the 
syllable osus, as, for instance, amorosus. In 
English, w'o contract this to ous, and this termi- 
nation of English W'ofds always has the same 
meaning as the Latin termination osus. For 
instance, there is our word amorous. Similarly, 
in chemistry, w'henevcr thq salt of a base con- 
tains more of that base than another salt, we 
describe the first by the termination ous, and 
the second by the* termination ic. Hence, a 
ferrous salt, or a mercurous, or a stannous t effs us 
by its name {hat it contains more iron or mercury 
or tin than a ferric salt, a mercuric, or a stannic. 

Other ways of cxpn'ssing the proportion of th(» 
base in a salt must be not(.‘d. They consist in 
attaching the prefixes per and sub to the second 
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half of the name of the salt. For instance,* the 
salt Fed.., which contains more iron propor- 
tionately 'than the salt FeCl;j, is usually called 
ferrous chloride, whilst the second is called 
ferric chloride. But the salt may be looked at 
in anoth(‘r way. We may say that the amount 
of chlorid <5 in the lirst salt is stiby which means 
under; whih' the amount of chloride in the 
secomj salt is per, which means through, or 
thorough, as in the w'ord “ perfect.” H(‘nce, 
another name for huTOUs chloride is subchloride 
of iron, while anotlier name for f(‘rric clilorido 
is pcreldoride of iron, and we may speak when 
W(i pleases of the “ sub sjilts ” and the “ per 
salts,” to distinguish the two series. Let us now 
make a little table giving instances of the use of 
these terms : 

Ferric chloride, or Ferrous chloride, or 

Perchlorido of iron, Subchlorido of iron, 

or F(‘Cl.j. or FcFL. 

Mercuric chloride, or Mercurous chloride, or 

Porchloride of mer- Siibchloridc of mer- 
cury, or HgCL. cury, or HgCl. 

Iron in the World of Life. Wo cannot 
leave Qur consideration of this metal without 
referring to its rolo in living malti'r. Iron is 
found in all known ])Iants and animals, .and 
plays a necessary part in the chemistry of every 
living thing, it is thus an essential ingredient 
of the food of .animals and of plants. In all tlu^ 
higher anini.als and plants— the term “higher” 
must hero bo taken as mca-ning all but the very 
lowest— iron gives rise to v(‘ry characteristic 
substances which liave a distinctive; colour, iron 
is indeed responsible for the colour of life; in both 
the animal and tiie vegetable world. "I’he char- 
acteristic colouring matter of Iho animal is the 
red of its blood. This red is due to an exceed- 
ingly complicat(;d substance;- -believed by most 
chemists to have the most complieate;d molecule 
that is kne)wu — which is calle;d haemoglobin. 
In every mole'culc of this substance there; is 
always one atom e)f iron. The ])roccss of breathing 
depends e‘SSontially upon the ])rese*nee; of this 
Bubstane;e, which has the power of taking up 
oxyge'u from the air in the lungs, and then 
carrying it, by me*ans of the circulation, to the 
tissues wliiejli need it. 

The eiolour of life in the plant is th(; green of its 
leaves. This green substance, which is found 
^occurring in minute granul(;s .situated at the 
circumfereneo of the cells of the leaf [see Life and 
Mind], is known as chlorophyll, and iron is 
essential in its construction. If a plant be 
nourished in such a fashion that no iron can gain 
access to it, it will come iT[) blanched, containing 
no chlorophyll wdiatever, will very soon die, and 
will be unable to propagate itself. The service 
wdiich the iron perforint^ for the plant is exactly 
the converse of that which it performs for the 
animal, for whilst it enables the animal to help 
itself to oxygen from the air — oxygen which is 
then combined with carbon, and given back to 
the air in the form of carbonic acid, COo — it 
enables the plant to decompose the COo in the 
air, taking the carbon into itself, as the most 
precious ingredient of its food, leaving the oxygen 
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behind. Ultimately the tissues of the plant 
serve as food for the animal, which oxidises them 
by means of the oxygen obtained in the manner 
we have described. So the round continues ; and 
the reader will see that iron thus plays an all- 
important and double part in that incessant 
and complementary series of chemical changes 
in the animal and vegetable world which has lK;en 
. called the cycle of life. 

Carbon the Most Important Element. 

The next element whieh 'we have to consid(;r 
is know'n as carbon, it is the most important of 
all the elements, and needs very detailed eon- 
sideration. In the lirst place, w^e must note Unit 
the clu'inistry of carbon has two distinct aspects, 
only one of which wo can deal with at [)rcscnt. 
Keference has already been made to the fact that 
what used to be called org.anic chemistry is now 
known as the chemistry of the c.arboii com- 
pounds, and to that wt; must return later. Htat* 
we shall have (piite enough to do to consider 
carbon in its behaviour uncombined, or forming 
the simplest compounds with oxygen. 

Unlike the (‘l(;ments w'hich we have lately been 
considering, carbon is not a metal. It m.ay be 
obtained from compounds, such as the oxide, by 
means of hydrogen or poLissiuni at n rt;d heat, 
since these elenuaits will r(;duco the oxide; and 
leave free carbon behind. Perhaps the ])urest 
<;arbon, howTV(‘r, is prepared by h(;ating sugar, 
which is a com pound of carbon, hydrogen, .ind 
oxygen. If .sugar bo heated to rodues.s in a 
clos(‘d crucible, it is charred — that is to s;\v, the 
other elements are driven olf, and carbon 
remains. 

But carbon occurs in Nature in the iineoTubined 
state, or, rather, in several states. 'J’ho diamond 
i.s a form of carbon, .so is charcoal, ami so is 
graphite (from the Greek qrapho, 1 write), whieh 
is the mis-called lead of le.ad- jam oils. Now’, thi-i 
fact — that carbon may exist in such widely 
dilTercnt forms — is an illustration of a genei’al 
proiH*rty which many substan(;(;s ])osst‘ss, and 
which we caimot do bettor than discuss heri*. 

Allotropy. Allotropy is the name applied 
to this prop(;rty. It is sometimes also lulled 
physical isomerism. Chemically, the substance 
in question is the same in each taisc. Physically, 
it dilfers profoumlly ; sometimes it is crystalline, 
as in the case of the diamond ; sometimes it 
forms crystals of an entirely different kind, 
such as graphite ; and sometimes it is not crystal- 
line at all, like charcoal. The technical name 
for a substance which is not crystalline is 
amorphous, literally meaning shapeless. Othei' 
c;lements have this property of allotropy besides 
carbon, instances being phosphorus and sulphur : 
and numerous compounds have the same 
property, such as silica, the oifide of silicon, 
which occurs in the amorphous state, and also in 
crystalline forms, such as iho agate and quartz. 
The explanation of allotropy is hard to discover ; 
perhaps the most obvious fact connected w'itli it 
is that the change of physical state usually 
depends upon a change in temperature. Let n- 
now return to the various allotropic forms ol 
carbon. C. W. SALEEBY 
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The Noble Roman Character that was 
Attained by Effort and Lost by Ease 

THE SPIRIT OF ANCIENT ROME 


G reek and Roman civilisations are two 
component parts of one great 
whole. Politically the form of state 
and the ideas of government which we meet 
in Greece and Italy are substantially the 
same. Greek literature, art, and science 
survived with abundant vitality through- 
out the period which we roughly call 
Roman ; in half of the Roman Empire 
Greek was the universal language, and 
every educated Roman of the later ])eriod 
spoke and wrote Greek almost as easily as 
Latin. Roman literature was modelled 
upon Greek ; every Roman poet thought 
it a matter of duty to imitate some Greek 
original. The Christian fathers wrot(i both 
in Greek and Latin, and thus Christian 
thought was passed on into the Middle 
Ages strongly tinged with both Greek and 
Roman ideas. 

Yet Rome was very far from being 
neiely an outgrowth of Greece. Greek 
ideas were grafted on to her stock only 
after it had attained a certain matuiity of 
its ov/n. Rome made an independent 
contribution to the great whole which 
we may call Mediterranean civilisation, 
and thus also to the civilisation which we 
may call modern and European. The 
Roman spirit, though it came to be so 
ready affected by the Greek spirit as to 
tempt us to call it Graeco-Roman, did in 
reality survive all through the history of 
the Roman people, and it is the aim of this 
section to trace it continually at work.’ 

What was the contribution of the 
Romans, as distinct from that of the Greeks, 
to that great Graeco- Roman whole on 
which our modern civilisation is so largely 
based ? We can separate it from the 
other chief contributing element if we 
steadily bear in mind two facts. First, 
Rome became the guardian of Greek 
civilisation after the political and material 
decay of Greece ; she supplied the 
Tiulitary force and the organising genius 
which saved the choicest products of 
the Greek spirit for centuries from 
destruction at the hands of the semi- 
barbarous peoples of the east and wholly 
barbarous Copies of the north ; and when 
at last the invaders broke through the 


barriers she had planted, her spirit was still 
so completely in the ascendant as to move 
them with an awe which secured the 
immortality of her long-guarded treasures. 
Secondly, the Roman genius for public 
and private law supplied a common basis 
of orderly life for the whole Grieco- Roman 
world. . Mommsen, the great historical ex- 
ponent of Roman law, defined law as 
state interference in the interests and 
passions of humanity. 

Applying this to the work of Rome in 
the world, we may say that in her a state 
power at last arose, after long periods of 
tentative and unintelligent government, 
which did so effectually interfere among 
the interests and passions of humanity in 
that Graeco- Roman world that we sffll feel 
it at work among us. The Roman '' civil 
law is still the basis of our best concep- 
tions of jurisprudence. These two facts, 
the military defence of civilisation, and the 
legal ordering of human life, may both be 
summed up in a single expression — the 
Roman peace (pax Romana). Roman 
arms defended civilisation, allowing no 
enemy to invade its sacred precincts ; and 
Roman law was thus able to develop itself 
leisurely and peacefully, to the infinite 
and permanent benefit of mankind. Inci- 
dentally we may note that room was found 
under this Roman peace for the growth of 
Christianity, the most remarkable phe- 
nomenon of the later Gnx'co-Roman period. 

This result of the work of Rome shows 
us that the Roman had two great qualities 
which were denied to the Greek, and which, 
taken together, constitute what w'e may 
call the Roman spirit. The Roman could 
fight, not only in short campaigns or in. 
single battles, but in long and protracted 
struggles, constantly defeated, yet never 
permanently losing ground, and holding 
tenaciously to the main object of securing 
a territory or organising a frontier. And 
he had the power of orderly government, 
taking shape not merely in a neat legal 
code suited to a single city-state, but 
adapting itself to the needs of a great 
variety of, peo])les, incorporating their 
usages, learning from their experience, yet 
subordinating all this variety to a single 
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great end. In the possession of these two 
qualities the Romans seem to have stood alone 
among all the peoples of the Mediterranean basin. 
We see them at work throughout Roman 
history, in spite of many dark periods and many 
national shortcojnings. Can we account for them 
by any reference to early Roman experience ? 

Rome’s Place in Italy. Wo get an idea 
of the conditions under which they developed, even 
if we cannot altogether explain them, by fixing 
our attention on some unquestioned facts in the 
early history of Italy. Let us look at the map, 
and inark well the position of Home in relation 
to Italy and the peoples inliabiting it. Tlie long, 
narrow peninsula is cloven in two ])arts by the 
River Tiber, the largest stream south of th(‘ Po, 
draining almost the whole middle portion of the 
mountainous region of Central Italy. Tlie whole 
country to the north of the Tiber, when Romo 
first appeared on the sc(*ne, was lu'ld by Ihe 
Etruscans — a mysterious ]Deopl(‘, whose' origin 
is still unknown, a warlike people, spreading 
their dominion far to north and south, and an 
adventurous ])(' 0 ])le, building fleets and engaging 
in commerce in the West('rn Mediterranean. To 
the south of the Tiber lay the territory of the 
Latins, extending over whnt we now call the 
Latin Campagna, on whieli from east and sontli 
the outskirts of the Apennines look down, then 
inhabited l>y j)eopI('S ndated to the Latins, hut 
at constant feud with them. 'J'he natural eentro 
and citadel of Latium is the Mons Albanus, 
which rises some miles to the south of Rome to a 
height of 3000 feet. But this was too far from the 
river, the natural frontier against the Etruscans, 
to defend tli(5 Latins from these enemies ; wdiat 
was needed was a c*itad(‘l of refug(‘, and an out- 
post to anticipate the need of such a citadel. 

The Advanced Outpost of the Latins. 

Rome was this outpost ; sitting astride of the 
river in the post of danger, about twenty miles 
from its mouth, holding land on both banks, 
guarding the sacred wooden bridgi^ which might 
lx‘ broki'n at any moment, and owning the 
mouth itsf'lf of the river, with a settlement 
there by way of port (Ostia), she was obviously 
exposed to continual strain, while the kindr(‘d 
and allied peoples in her rear enjoyed com- 
parative ]>eace. Here we have something at 
least of the secret of Rome’s genius for war ; 
her training in the art of war was not of a ptitly 
community aj)t to attack a neighbour or to be 
attacked by him, to raid or be raided in the 
course of a summer ; it was that of a peoi)le 
having a continual duty before them, many 
miles of frontier to hold, constant liability to 
surprise and defeat, yet bound by sheer necessity 
to cling for very life to their position, and wlien 
and where possible, to advance and strengthen it. 

Taught by War. Such advance, as time 
went on became ever more possible and 
more tempting; the Tiber valley was the 
natural entrance into the heart of Italy. So it 
came about that the Romans, having learnt 
their lesson of military endurance in the school 
of defensive warfare, were able to put it to use 
in the slow but steady acquisition of the dominion 
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of the whole peninsula. For of them alone could 
it be said, as the historian Tacitus said of the 
Chatti people in Germany, that other peoples 
went out to battle, but the Romans went out 
to war. 

But warfare of this steady, dogged kind, ^in 
which the Roman people have hardly ever been 
equalled, cannot be carried on without a habit 
of discipline, of obedience to constituted autho- 
rity, for which the military position of Rome 
wifi not by itself account. To explain this we 
must turn to that other great quality of tliis 
wonderful peoph’ — the instinct for law and 
government. Can wo find, in the internal 
organisation of the Roman people, or in their 
early experience, anything which helps us to 
explain not only their later genius for law, but 
their instinct for order and discipline ? 

The Father as Chief. One fact will go 
a long way toward supplying the explanation. 
From the earliest fimea the basis of Roman 
society was the family ; and the family was 
organised and governed on a ])rinciple at once 
simple and stringent. It was under the absolute 
authority of the head of the household (pater 
familias), subject only to the tradition that in 
matt(‘rs of great moment he should consult his 
relations in a family council. Wife and children 
were in his hand,” and Imd no legal status of 
their own ; and ir» all the relations of the family 
to the beings both human and divine who dwelt 
around them he was absolute arbiter. , He .was 
chief j)riest of the family, and on his knowledge 
of the ritual necessary to the propitiation of its 
deities or the discovery' of their will the very 
existence of it (le])ended ; for without the ])rop(u* 
rites and formuhe — so the Romans at all times 
firmly believed — I Ik* gods could not be induced 
to perform their functions as guardians of the 
land and its products, on wfueh the family 
subsisted. Thus there inust have grown up, 
long before the state came into being, t he idea 
of authority, both civil and religious, vested in a 
single individual, to defy which was almost 
imp’ossible and unthinkable, because the w(‘lfare 
of the ruled depended absolutely on the ruler. 

The Roman Genius for Discipline. 

It was natural that the state built upon a con- 
centration of families should base its order of 
government on the same ideas and traditions, 
in the earliest form of Roman state of which 
we know anything, the king (rex) was the sole 
interpreter of civil and religious law, subject 
only to the tradition that in civil matt(‘rs of 
great moment he should consult a council 
of heads of families (senaiua)^ and in 
matters of religious difficulty a college 
of persons skilled in religious Jaw and ritual 
(pontipces, augures ) ; in war he was probably 
even more absolute than at home. Thus there 
developed itself that wonderful conception, tlu* 
imperinm of the chief magistrate, of rex in the 
earliest age, and of consuls and their representa- 
tives afterwifrds, in which a Roman of all ag(‘s 
recognised a state force, which it was practically 
impossible for him to defy, because, like the 
members of the family, he had learnt that all 
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that mode life worth living for him depended 
upon his obedience to it. For this famous word, 
the Greeks had no real equivalent ; 
it sums up the genius of the Roman for dis- 
cipline, whether in the observance of civil and 
religious order at home, or in obeying his 
commanders in the field. 

The Typical Roman Character. 
Thus the Roman chaiacter was built up by 
external warfare and internal discipline. This 
character was not altogether a pleasing one ; 
but it was admirably adapted for the work 
Romo had to do in the world. The typical 
Roman w«is hard, stubborn, narrow, unsympa- 
thetic ; he was intellectually somewhat slow, 
wanting in the quickness and versatility th.at 
characterised the Greek; wanting also in 
imagination, and in the adventurousness which 
is the practical side of the imaginative 
faculty. Deeds pleased him more than 
words, and it was long before he began 
to learn the wonderful resources of his 


in Roman literature for sympathy and tender- 
ness, was perhaps of Gallic blood. Caesar, on 
the other hand, a true Roman by birth, had all 
the old characteristics of the race, but tempered 
by the courtesy and hnmanilas which had come 
in with Greek education, and a much wdder 
experience of the world. 

The character thus built up was put to severe 
trial. The invasion of Pyrrhus and the long first 
struggle with Carthago strained the endurance 
and resources of thi^ people to the utmost ; 
but the war with Hannibal was a trial such 
as no people has evtT gone through before 
or since, and survived. It vras, however, the 
Roman spirit that saved her — the “ courage 
never to submit or yield,” the t(‘naeity that was 
the result of an imperf(‘et education and a narrow 
range of vision. I<\^r fourteen years her deadly 
enemy was in Italy, bent with an incredible 
vindictiveness on her dost ruction, ever victorious, 
and with famine and pestilence at his heels; 
but the great Roman families never gave up 
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own tongue. Seriousness (gravitas) in all. hi.s 
conduct, public and private, was the quality he 
most admired, and this w'as expected also in 
married women, and even in children. He was 
not indeed without a certain sense of humour, 
but his humour was rough and a}>t to bo coarse, 
and later on in literature developed into satire, 
the one original contribution of the Romans to 
literary form. In morals the Roman seems to 
have been strict rather than delicate, and always 
more lenient to the man than to th(^ woman ; 
m religion he was— like all Italians, ancient and 
modem — peculiarly superstitious, but here his 
natural tendency was checked and regulated by 
his religious law and its administrators. This 
and all other tendencies to emotional excess or 
display were discouraged both in public and 
private life ; marriages “ for love,” for example, 
were quite unknown, and at all times in Roman 
history love was an iUicit passion only. The 
emotional characters with whom wo meet in 
later times, such as Cicero and Catullus, were not 
Roman by descent ; and Virgil, who stands alone 


hope or allowed themselves to be beaten ; and 
the jieople, trained to trust them, never really 
failed to answer to the call of duty. Whoever 
would really understand the Roman character, 
with all its strong and weak jioints, should read 
the story of this great struggle, and note how 
ill such a crisis in the history of civilisation the 
victory lay ultimately with the people Hiat 
could endure and obey. 

The Cost of Strain. That study is the 
more valuable, because from this time forward 
the Roman character began to deteriorate. 
Rome passed safely tlirough the struggle, but 
at the cost of the best part of her strength, 
moral as well as physical. The strain had 
been too great for hoi^ and, indeed, for Italy 
as a whole. It is difficult to trace the subtle 
processes by which such a trial can affi'ct tho 
nervous ti.s.suo of tlic pcojile, weakening its 
virility, laying it open to tho temptation to 
indulge in ease, to look for wealth and 
comfort, and so gradually destroying tho sense 
of duty toward family, state, and gods. 
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And here, indeed, it is not possible to say more 
than that a careful study of the two centuries 
that foHow(*d tlu' war will show that, alike in 
family life, in religion, in the performance of 
statcVluti(‘s, the Itoniaii fell rapidly away from 
the old id('al of eoiiduet ; (h(‘ true Roman spirit 
s(*<*rns to have vanished. ^J'hc state went- on 
comparing and organising her conquests. Rome 
became th(‘ arbiter of the whole civilised world ; 
hut tlK‘ spirit in which tli(^ work was done was 
not that which liad built iij) an Italian federation, 
and tlriven Hannibal out of Italy. 

The Loss of Public Spirit. It is now 

the individual Roman who seeks his own 
advancement. This simply means that the best 
qualities of the old tyi>e were failing, and 
the worst gaining strength. The individual 
had been siilmrdinated to tb(‘ stat<‘, and had 
found his be.st life in that subordination. In 
forg{‘tting the Htat(' and working for his own 
ends, he sim])ly gave the ehaneo of growth to 
all his lower instincts, and neither (Ireek 
pliilosophy nor an improved systtan of 
education had th(‘ least j)ower (o ehe(h this 
growth permanently. We meet, iiid(‘ed, with a 
few leacling men of a tiiu'r ty|)<‘ than Rome 
had yet ))rodueed; hut the typical Roman of 
this age was the man who gaiiu'd onica* by 
corruj)tion, plundered the proviiieials wliom he 
was called upon to rule, and then retired into 
luxurious eas(' tocaijov th(‘ fruits of his misdoings. 

Results of Corruption. 'J'he result was 
that Rome ceased to perform adecjuately that 
function for which, asw^e saw, she was wanted in 
the world ; Mediterra-iK'aii civilisation was no 
longer })rotcetod securely from enemies within 
and without. In the western half of liei* empire 
wild tribes from the north invach'd the juovinee 
of (laid at the end of the second century n.(\, 
and tinally ])enetrated evcai into .\orth(‘rn Italy ; 
and the defeats tlu? Roman armies sulTen'd at 
their liands were due, not to the skill of the 
enemy as in the Hannibalie war, but to bad 
discipline and the corruption of generals. Then 
for nearly forty years Mithradates of Rontns 
continued to nuaiaee the (In'ek half of the 
empire, and at oiu* tiriu? overran the province of 
Asia, and was with diniculty beaten back from 
the walls of Atlu'us. 'The sea was infested with 
pirates, and no traveller’s life or property was 
safe. All this was due to the supiueness of the 
Roman govcaiiment, and to the violence of party 
faction, in which the triu? interest of the state 
and of (?ivilisation w(T(? lost to view. The Senate, 
the great council which had carried Rome safely 
through so many dangers, seemed to have lost 
its capacity for business, and wasted time in 
personal quarrels or in the interests of individuals. 

Even after it had * been reorganised and 
politically strengthened by Sulla it failed to 
hold the empire together effectually, and each 
provincial governor ruled his province only for 
his own advantage, or for the advantage of the 
companies of tax-collectors {publicani), with 
whom all Romans of property invested their 
capital. Thus the administration of the law was 
unsound and corrupt throughout the empire, 
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for in every province it depended on the caprice 
of the governor, and the money extorted from 
the provincials was used at home for corrupt 
jmrposes in the courts. The genius of Rome for 
law as well as for warfare might well seem to 
have deserted her. Ihiless the Roman spirit 
could be revived, the prospect for civilisatmn 
was dark indeed. True, Roman literature grew 
in this melancholy ])criod into greatness ; thi? 
intense individualism of the age left us at k'ast 
one valuable legacy in the works of such men as 
C^icero, Lucretius, and ('atullus ; sound and able 
men like Mucins Scirvola, and Sulpicius Rufus 
carried tiu' iihilosophic treatment of juris])ru- 
dence to a height which it had never yet reached 
in any state. Ihit in the held of action, whether 
in war or government, wc? can hardly find a 
trace of the old Roman spirit. 

The Lost Roman Spirit. Yet this spirit 
was to he revived, bnt not in the body politic. 
Thai body politic no longer existed ; the Roman 
city-state had been merged in something ik'w 
and strange, which w(‘ call empire, but to wliich 
the Ronuins themselves were only just beginning 
to apply that famous word of theirs — impr.riitoi. 
'Flu* Roman citizen body was scattered all over 
this (‘m]»ire, and probably the meanest ])art of 
it was that v\hieh jhayed at politics for mon(‘y 
in the capital. Tlie forms of Ihc old constitution 
were still th(‘n‘, bnt they were forms without 
su])stanee. No vital forei? underlay them ; 
n(‘ither magistrates nor S(‘nate. and not even 
th(^ pcopl(‘, understood what the condition of the 
civilised world called on tluun to do, or had the 
will and en(‘rgy to do it. 

The Reviving Influence of Julius 
Caesar. If in such an age the Roman spirit 
was to bo revived, this could b(‘ done only by 
the character and g(‘nius of some individual 
having the necessary understanding and tlie 
necessary will, th(? understanding capable of 
grasping the conditions of the problem which 
Rorm* had to face — tlu? defence of tlu? frontiers 
and the internal organisation of the em})ire •- 
and the will to carry this work through with 
inliiiitc ])atiencc and perseviTance. The actual 
material for the accomplishment of this great 
task must now be drawn not only from 
Rome? or even from Italy, but from all the 
resources of the empire ; the army must 
henceforth bo organised on an imperial basis, 
and the host of workers in the domain of peaceful 
organisation must be recruited from east and 
west alike. But the animating spirit of it all was 
still to be Roman, and, if it was to be found 
anywhere, must, be found in an individual 
Roman of genius and industry. • 

Such a man was Julius Caesar, a true Roman 
of one of the oldest patrician families, and, as 
has bet‘u already said, not without some traits 
of the old Roman character. We may allow that 
for the greater part of his life, like most of his 
contemporaries, ho was playing for his own 
hand ; but the last fifteen years of it he spent 
in continual hard work, to which he brought an 
amount of insigjit and determination such as 
had never yet been combined in a Roman states- 
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man. His first work was tho creation of an army 
thoroughly disciplined, ready to go anywhcTe 
and do anything, with which he conquered the 
great province of Gaul, henceforward to l>ecomo 
tho most valuable of all the Roman j)Ossessions, 
and established a permanent frontier for the 
empire in the Rhine and tlie ocean, removing far 
from Italy all danger of immediate invasion. 

The Waker of the Roman World. 
That he found himself compelled to use this 
army for the overthrow of the old constitution 
we may regret, but in this he was perhaps more 
sinned against than sinning. When he had 
grasped supreme power, he wont on indefatigably 
with the work of internal reform ; and all that he 
had time to achieve before he was struck down 
by fanatical assassins shows the same keen 
soicntifio intelligence t))at marks the conquest of 
Gaul as we know it from his own Commentaries. 


of that time were fairly amazed at tho audacity, 
energy, and ability’ of the new master. But thr*ro 
was also resentment, and Cfesar’s opport unk-ies 
were cut short. If wo wish to study the n(‘W 
Roman spirit, as it was applied to tho necessary 
work without let or hindrance, we must turn to 
the long reign, of Augustus, the nephew and 
the puj)il of Cicsar. 

Caesar’s Pupil. When Augustus became 
master, after the d('f(‘at of Antony at 
Actium, the empire was in chaos and confusion, 
the frontiers undefended, the ])rovine(\s dis- 
organised, tho finane(' unscientilic; ; and for 
many years men’s minds had been giveax up to 
ajxatby and despair. When bo died, forty-live 
years later, tbe j)ax Romana was (Irmly es- 
tablished, the empire wavS knit tog(‘tb(‘r in cvctv 
department of government, the fronti(‘rs were 
adequately defended by an admirable standing 
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His work is indeed only a torso ; not only the 
internal reorganisation of the empire but tho 
completion of its military frontiers had to be 
left for others. Yet if we ask who it was that 
inaugurated the new ty]xe of Roman spirit-- the 
spirit of hard work and rational inteliig(*nee in 
matters both military and civil — there is, it 
must be acknowledged, but one answer. 

Ciesar woke the Roman world from tho 
lethargy which had so long been paralysing it, 
and stood out as tho visible impersonation of 
the Roman state and its function in the world 
at a time when men had almost forgotten that 
there was a state claiming loyalty, and an 
empire demanding efficient work. We have a 
large correspondence surviving from tho years 
in which he was in supreme power; and the 
impression it leaves on the mind is that the men 


army, or by tbe prestige arising from tho 
long successful reign of the ruler, and, what 
was ]>erha[)s oven more important at the 
moment, Augustus had succeeded in creating 
an almost universal confidence in himself and 
his government, and in rem^wing the eon- 
vietion that it was the mission and the 
destiny of Rome to defend and to govern 
the whole civilised world. 

This confidence and eoiivictiori are fully 
reflected in the literature of the age, and more 
especially in the history of Livy and in the 
iEneid of Virgil. The historian’s part was to 
recall men’s iininds to the wonderful story of 
the growth of the Roman dominion, to iiiduco 
them to look back on the past and bo worthy of 
their great ancestry. The work of the poet was 
to paint a national hero, endowed with qualities 
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which every Roman would recognise as tho 
finest of his race ; to toll the story of that 
hefo’s divine mission, to which he faithfully 
adheres in spite of many dangers and temptations. 
In a form which all educated men could appre- 
ciate, the. /Kncid showed the Divim^ Will guiding 
the Roman state from infancy onward, and in- 
dividual f)assion forced to give w'ay not only to tho 
will of the gods but to tho interests of humanity. 

Augustus and the Roman Spirit. 

The TRneid pointed to duty as the virtues which 
alono enabled /Kneas to fulfil his mission, and 
which alone eoiild qualify Rome and Augustus 
to fulfil theirs. In tlie yKneid the Roman 
spirit is indeed idealised ; but this itself 
exjjlains why it took siudi strong and permanent 
possession of tho Itoman mind. Augustus 
himself was no hert)io charaeRu’, and tho 
great impn’ssion he made on th(* world can 
ho explained only by the persevering industry 
and unfailing good judgment Avhich he and 
his chief helpers d(‘Vot(Hl to tho dt fenee of the 
frontiers and the organisation of tlu* provinces, 
thus at once cxe?ni)lifyiiig and .stimulating 
the true Roman genius for warfare and for law. 

The Industry of Augustus. To appre - 
ciate' this industry follow tli(' story e>f the 
ostablishme'Ut of the' military fre)ntier from 
the moutli of the' Rhine to Ihe R\»xine, 
W’hich, as the map will show' him, was a 
screen etlVctually cov(‘ring all Graeco- Roman 
civilisation frejin »S[)ain to Asia Mineu’. In 
this story he; w'ill linel the old Roman gt'iiius 
for protracte*el perse veiing warfare* fully illus- 
tratcel, and in the man who bore the brunt of 
the w'ork and wmre himself out in the proseention 
of it “Tiberius, the stepsejn of Aiigustus, and 
afterwarels his successor -all the true Roman 
caution and tenacity of purpejse, she)w'n csp(‘e;ially 
at one pcrical of extreme^ danger, in which he may 
almost be saiei te) have sawd Italy anel the 
empire*. Or le*t him fe^llow the work ejf Augustus 
himsc'lf and his faithful helpmate*, Agrippa, w'ho 
spent year after ye*ar in reorganising the f)rovinc(*s 
both in east anel west. This means that e;very 
community in the* empire, and every individual 
in eacli eommunity, vviis placed in a delinito 
legal status, w'as se*cure'el in respect of his person 
and his ])re)perty., iviul wiis no longer at the 
mercy e;f rapae*ious tax-collectors or provincial 
governe)rs. His status (jus) might, indeed, bean 
inferior e)ne ; he might not have attained to any 
part of the Roman citi/.enship ; but the central 
govemmc*nt now had a long arm, and as his legal 
posit ion was defined and recognised, r(*drc8s was 
to be had if injustice were done him. And in 
the course of the next t w'o centuries the ja.s of all 
communities of all free men Was gradually 
raised to the same lovclt; the Roman citizenship 
was extended to the whole empire, and the 
Roman law — the interference of the state in the 
interests and passions of humanity — was ad- 
ministered in every court. 

The Roman spirit, in this now phase of its 
being, can be discerned not only in the civil 
and^miUtary histor^r of the empire, but in the 
great works of arofiitectural art, bridges, aque- 
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ducts, amphitheatres, triumphal arches, of which 
the huge remains are still to bo seen wherever 
Roman occupation left a lasting mark on tho 
land. They arc not the beautiful handiwork of a 
gifted race, but they seem to tell us of strong will, 
powerful organisation, love of things large and 
lasting. 'L'hcy are all on a large scale ; size pre- 
dominalos over beauty, and details are wanting 
in delicacy and in true relation to the whole ; 
tho eye does not rc.st on them so much in 
admiration as in wonder. Here is laborious 
tenacily of purpose, never that inherent 
love of perfect proportion that inspired the 
Greek artist. 

The Practical Spirit of Rome. Hie 

tendency may be scon in tho sculpUircs 
crowded with soldiers and eaptives adorning 
the triumjihal arches — and in the. realistic 
j)ortrail -busts of men who defended the 
frontit*rs or govc'rncd the jirovinces. Iwen 
in the greatest Roman poets, even in Virgil 
himself, souk; trace of the same s])irit is visible ; 
her(*, too, realistic d(*scri])tions and erow’dod 
scones may be; compared with the inimitable 
touch of the Homerie story-teller ; and the minor 
poets, Statius or Silius Ttalieus, are as mono- 
tonously lengtliy as the Goliseum is mono- 
tonously hug(*. Individual genius is absent (.)i* 
suppressed ; tlu* artist w’orks on traditional liiK*s, 
vvheth('r he jiroduccs jioems, buildings, busts, or 
evi‘n coins, and does not- indulge his faney — 
b(*eause fancy, like* adventure, was no j>ar( of 
tho Roman mental eqni[)nient. Solid ])ractieal 
work, obvious to the (*ye in the ]mblic places 
of a erowded city, obvious to the mind in 
all tho intercourse of human life — this w'as 
what tho Roman spirit expected from all her 
grc'at nK‘u, whether soldiers, legislators, or 
artists, and with this from first to last it 
was faithfully su])])licd. 

Rome as the Protector of Civilisation. 

This is not the place to ex])lain the weak ])oints 
of the Roman emjiire, or the intc'rnal cankers 
w'hieh slowly paralysetl its strength. The real 
valho of the em})ire to mankind lay in the fact 
that for four centuries it did ellectiially i>roteet 
the civilisation which had been develo[)ed in the 
basin of the Mediterranean, and by an elaborate 
internal organisation raised the wdiole level of 
human comfort and confidence. Thus, tho 
chance was given to Christianity to grow, with 
comparatively few interruptions, into a uni- 
versal religion of higli and low, rich and poor ; 
and as the invaders also gradually embraced this 
religion, there arose upon the mins of the 
Roman dominion the new, far-reaching organi- 
sation of the Church of Ghristendofh, inheriting 
not a little of the old Roman spirit, as well as of 
the prestige of the groat system on which it was 
built. 'I'he Holy Roman Empire of the Middle 
Ages was rather an idea than a fact of over- 
whelming importance to mankind; it is in the 
Latin Church, with its genius for law and organi- 
sation, and with its popes and their claim to 
universal supremacy, tliat we may see the legiti- 
mate heir of the Roman dominion. 

W. WARDE FOWLER 
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Earth^K^ork. Mixing and Laying Concrete. Ferro-concrete. 

Brickwork and Masonry, timber and Piling. Ironwork. 

VARIETIES OF CONSTRUCTION 


I T will be useful, before stiulying the details 
of any one class of construction, to obtain a 
general idea of the various materials employed 
and the modes of using thorn. 

Earthwork. Excluding the use of earth- 
work in military defences, earthwork may bo said 
to bo used only in embankments in one form 
or another, and of these, railway embankments 
form the largest proportion. Tn designing rail- 
ways, endeavour is made to obtain the minimum 
gradients, and at the same time to arrange the 
levels so that the amount of material required 
to form embankments may equal the amount 
excavated in forming the cuttings. If surplus 
material be excavated spoil banka have to bo 
formed to get rid of it. These aro filled up to rail 
level, and may sometimes bo utilised in forming 
sidings, but often they arc so much waste ; while 
if there be a deficiency of material from the cut- 
tings it is necessary to obtain a supply from 
elsewhere at an increased cost. The side slopes 
will depend upon the nature of the material. 
In solid rock the sides may be vertical ; in 
chalk, which is soft rock, they may bo nearly 
vertical ; in gravel and oompaei earth they 
may be 1 to 1, or I J to 1— that is, 1|^ horizontal 
to 1 vertical ; and in clay they may need 
to bo as flat as 2.J to 1. or 3 to 1. A general 
average may be taken for the side slopes of 
IJ to 1, both in cutting and embankment. 
As a railway embankment starts from a cutting 
with no vertical height and increases in depth 
\jntil the centre of the valley is readied, the 
most convenient method is to tip the material 
forw’ard, over the requisite widtli. P'or a single 
line of railway two tips in the width may Iw 
sufTident, but for a double line of rails with a 
surface width of, say, 20 ft., four tips will l)c 
necessary, otherwise the material will roll f/oin 
the centre outwards and the embankment 
will bo liable to slips. 

A longitudinal section through the embank- 
ment should show the layers in lines inclined 
forward from the cutting [1], while a cross-section 
should show the layers in lines [2], AVherever 
a stream crosses the line at the bottom of a 
valley, or on the side of a hill, a culvert lias to be 
formed to allow of the passage of the vratcr 
during and after completion. This may be 
merely a wooden box-like f rough, or may bo 
like a miniature tunnel in brickwork or masonry. 
In cither case it has to bo formed before the 
embankment is carried over it, and, to prevent 
pushing it over, it is necessary to tip on both 
sides of it until it is fairly covered. 

Settling of Earthwork. The exca- 
vated material occupies more space than it 
did before it was disturbed, the increase in bulk 


averaging as follows: C ravel, 7 per cent. ; gravel 
and sand mixed, 8 per cent. ; clayey earths, 
10 per cent. ; light, loamy soils, 12 per cent ; 
soft rook, 30 per cent. ; hard rock, 40 per cent. 
After tlic embankment is made it naturally 
consolidati‘S by the action of the weather and 
the eniiix of time: Generally, with the ordinary 
materials, 3 or 4 in. additional height for every 
6 ft. in dtqTth is allowed for settlement, other- 
wise the embankment must be made up to keep 
it to “grade level.” Ilankinn says — “Em- 
bankments settle after tluur lirst formation 

seldom less than one twelfth and 

seldom more than one-ldlh of the original 
height.” But this greatly depends upon the 
amount of rainfall during the con-struction : 
dry lumpy soil loaves most vacant spaces. The 
ballast to form tlie road is generally dint gravel, 
slag, broken stone, or burnt clay, to obtain better 
resistance to the action*of tlio weather. 

Earth Dams. Tlu'se are embankments 
formed at the mouth of a valley to shut in tlu^ 
water in forming an impounding reservoir. The 
general section is as shown in 3, wliere the dotted 
lines indicate the slope of the layers in the forma- 
tion of the embankment. The essential feature is 
an impi'rvious wall of puddled clay in the centre 
to prevent the percolation of water from one side 
to the other, the smallest leak being extremely 
dangerous. Selected material is placed next 
and almost any kind is us(*d outside to give the 
ma.ss necessary for stability. The puddled 
clay must be suffieienlly proti*cted on the top 
to avoul any possibility of drying and consequent 
cracking. The outer and inner slopes depend 
.somew hat on the natural slope due to t he material, 
hut they are usually 3 to 1 on the inner or water 
side, and 2 to I on tlie outer side. 

At the back of any retaining wall the earth 
must benched out as in 4, and the material 
that is tilled in must be rammed in layers 
inclined from the wall. It will thus bo seen 
that in every case particular care must bo taken 
to minimise the tendency to slip. 

Concrete. (Amerete is made in two 
main varieties— lime concrete and Portland 
cement concrete. Lime toncreto is the cheaper 
and is used only in foundations, but is of no 
more utility than a similar amount of gravel, 
and in damp situations may even he worse. 
Wherever it is necessary to use any concrete, 
Portland cement should be employed, but an 
exception may be made in favour of l.-ias lime 
concrete where this*i.s readily procurable. 
Cement concrete consists of 1 part of Portland 
cement, by measure, to I or 2 parts of sand as 
the matrix, tand 4 to S parts of broken brick or 
stone, flint pebbles, clinker, coke breeze or other 
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hard material as the aggregate, varying in size 
according to the purpose. The theory of the 
mixture is that the spaces between the larger 
pieces of the aggregate should be entirely filled by 
the smaller pieces, that the spaces still existing 
should be filled by the sand, and that the whole 
of these materials, including the sand, should bo 
thoroughly coated with the cement, and fonn a 
solid mass which shall offer great resistance to 
compression. Other things being equal, the 
resistance will vary with the ratio of cement to 
aggregate. For suspended concrete floors and 
for thin concrete walls, a mixture of I to 4 is 
used, and the largest pieces of the aggn'gato 
must not exceed 1 in. in any dimension. 

Complete cottages and blocks of industrial 
rlwellings have been built entirely of concrete, 
but they are not popular. It is difTicult to pre- 
vent the walls from cracking, the rooms are said 
to be cold and cheerless, to echo considerably, 
and to have moisture deposited on tluar surfaces, 
due to their non -absorbent character, upon a 
sudden rise of tempiTaturo. For heavy retain- 
ing walls f5] and foundations the mixture may 
vary from 1 to (> up to 1 to 8, according 
to circumstances, and the largest pieces should 
pass a 2-ineh ring gauge. It is most im- 
portant that there should bo no clay or 
(‘arthy matter in the mixture as this would 
cause a thin coating of mud over the sand and 
aggregate, and prevent the adhesion of (ho 
cement ; this is what is meant by sharp sand. 
All sand has been formed by attrition in wafer, 
and the grains arc therefore more or k^sa round('d, 
hut wlien there is an absemeo of loamy particles 
it fools gritty to the touch when rubbed betwcnim 
the fingers, and this constitutes what is called 
sharpness. 

Mixing and Laying. Tho materials 
should be mixed on a wooden platform so that 
the shovels may be used freely without risk of 
incorporating earthy particles in the mass. 
They should l)o thoroughly mixed dry, and 
then again be well mixed while being watched 
through a rose, tho object being to moisten 
every particle without washing away any of 
tho cement. As .sotting takes place very 
rapidly, not more than half a cubic yard should 
bo mixed at one time and it should bo all de- 
posited in place within one hour of mixing. 
Any disturbancso after it has begun to set 
interferes with tho crystallisation and reduces 
tho strength. 

It was formerly customary to specify that 
concrete should be tipped from a height of 
10 feet so as to consolidate it ; but it is now 
always deposited as carefully as possible without 
a drop and then gently rammed with iron 
beaters ; the water should ho only sufficient 
to float in a thin film ^n tho surface. lender 
tho footings of a wall it is generally 9 to 18 in. 
thick and projects 6 to 9 in. on each side, in 
order to spread the pressure over a sufficient 
width of soil to avoid settlement. The minimum 
amount of concrete imder footings is shown 
in 6 . In the formation of walls it is necessary 
to confine the material between boarding, the 
width of the space left fixing the thickness of the 

1240 


wall. To prevent shrinkage, and consequent 
cracking, the cement should contain no appreci- 
able quantity of free lime, and it should be 
thoroughly air slaked before use. Machinery 
is usually employed when largo quantities are 
required, many different forms of steam-driven 
concrete mixers being in use. Concrete in mass 
should bo deposited in layers not exceeding 
12 in. thick, as in 7, but the work may go 
on over a large area and even be completed 
at one part before another is started if it has 
long steps of 12 in. each. 

Ferro-concrete. Ferro-eoncrcto is the 
name given to a combination of concrete and 
steel in tho form of rods or bars, tho concrete 
taking the compression and the steel the tension. 
This allows a great reduction to be made in tho 
mass and it is now being largely applied to all 
kinds of construction, with various modifica- 
tions in detail. It is, however, necessary to 
use the very best material and to (miploy only 
skilled labour, in order to realise the strength 
contemplated by the designer. Fig. 8 shows 
a ferro-concrcto pile on the Hennebi(jue systcun 
and a similar construction is used for ferro- 
concrete stanchions. Floors have the steel rods 
in the lower j)art of the thieknt^ss and carried up 
over the 1 Min ings to resist shear. 

Artificial Stone. Artificial stone is a 
kind of concrete made of Portland cement 
and granite chijipings pressed in zinc-linod 
moulds to form paving flags, lintels, sills, 
thresholds, copings, window and door dressings, 
and moulded ornaments. As soon as the 
articles can be handled they are removed from 
tho moulds, put in tanks and covered with a 
solution of silicate of soda for about fourteen 
days, during which time a chemical change 
takes place and the resulting material is very 
hard and non -absorbent, wearing evenly and 
very slowly. One variety is made from pul- 
verised York stone and put under great pressure. 
Another is made from sand and chalk lime 
mixed dry and put into a perforated steel box 
with a copper lining ; a vacuum is created in 
the . box, and boiling water introduced imdei 
pressure to slake tho lime. Then superheated 
steam is forced in to complete tho slaking, and 
tho whole process is finished in about eight hours. 

Concrete Blocks. (Concrete blocks may 
be looked upon as a rough kind of artificial 
stone. They are formed of ordinary concrete 
placed in wooden moulds, and are often used 
in tho formation of river walls and soa walls, 
being used like large blocks of stone. For 
exposed positions the blocks are larger, and 
either cramped together or made with grooves, 
to bo filled with pebbles and esment after 
placing them togetlior. For breakwaters tho 
concrete blocks may reach 100 tons each, or 
more, in order that they may not bo disturbed 
by the shock of the waves. When tho concrete 
is deposited in mass under water, it is called 
belon ; it is then usually rich in cement to allow 
of some being washed out, and is shot down a 
trunk, or lowered in skips with movable bottoms, 
to prevent as much as possible from being 
carried away. 
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Brickwork. Bricks are small blocks of 
baked clay, of slightly different sizes in different 
districts. In lx)ndon and the South of England 
they are generally smaller than elsewhere, but 
including the mortar joints they may be con- 
sidered as 9 in. long by in. wide by 3 in. 
thick. In the Midland and Northern districtw 
the bricks thernsolvos are mostly of the latter 
size, so that it is sometimes diffioolt to bond 
two varieties together. The approximate size 
has been settled naturally by what is con- 
venient for the bricklayer to handle, and it is 
suitable for building up structures anrl optaiings 
of useful dimensions. Bricks are connected 
together by mortar composed of one part of 
grey stone lime to two parts of clean sharp 
sand, or, in more important work, by mortar 
composed of one part of Portland cement to 
three parts of sand. Tliey are laid so as to 
break joint with each other and form a bond, 
or toothing, which strengthens the work and 
distributes the pressure over a wider area. 
English bond, as in 9, is considered to be the 
strongest, and is used for warehouses and railway 
work where strength is of more importance 
than appearance; Flemish bond, as in 10, is 
generally used for house building on account of 
its better appearance. There arc several other 
forms of bond less frequently used. 

Bricklaying. In the interior of all w'alls 
the bricks arc laid as far as possible transversely, 
with joints running through from faetj to face, 
so that the distinctive names apply only to 
the face work. The base of a wall is always 
extended by footings, each projecting 2] in. on 
each side, until the bottom width is double the 
thickness of the wall. The height of any wall 
should not cxcec^d 10 times its thickness, but 
generally the thickness is d('termin(;d by the 
local bylaws. When openings are formed in 
walls tluy may be closed in at tlio top by 
lintels or straight beams of concrete, artificial 
stone, or natural stone, which are usually sur- 
mounted by an arch in order to relieve the lintel 
from i)re8sure. d'hese lintels seldom (^xteiid 
more than 4} in. in from the face of the wall and 
gauged arches 1 11] arc frequently substituted for 
them. The remaining thickness of the wall over 
the opening is generally carried by a relieving 
arch built in half-brick rings with a core below 
supported on rolled joists or fir lintels [12]. In 
the latter oaw^ the arch extends to each extremity 
of the timber, so that if it should decfiy or be 
burnt out only the core will fall and the brick- 
work above will remain, supported by the arch. 
When the opening may be curved on top a brick 
arch without a lintel is employed, the bricks 
being either gauged or laid in plain half- brick 
rings [13]. When the available space above tho 
opening is insufficient for an arch, rolled steel 
joists aro used, and thej have the advantage of 
providing a suitable bearing for cross-jmsts, 
should such bo required. 

In gauged w'ork tho bricks are cut or rubbed 
so as to make true surfaces which* only require 
thin joints, say J in. thick, while in ordinary 
brickwork the roughness and irregularity of the 
bricks necessitates a joint at least ^ in. thick. 
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Brick retaining walls are generally built with a 
battering face, as in 4 , to throw the centre of 
gravity well back, and the courses are then built 
with a slope backwards perpendicular to the 
direction of the face. The back of the wall may 
be straight and vertical, or may be stepped to 
increase the thickness towards the base. A 
thickness at base of one-fourth the height would 
be a light wall, and a thickness of one-third the 
height wwld be a fairly heavy wall. They aro 
designed according to the pressure likely to be 
exerted against them by the supported earth, 
and this again is dependent upon tho natural 
slope of the material, or the slope at which it 
would permanently remain if exposed to the 
weather and unsupported. ‘Provision has to 
be made by w'oe^p holes for tho escape of any 
water, which might otherwise tend to accumulate 
at the bac’k and overturn the wall. Piers need 
to be very carefully Iwnded, as they very often 
have to carry heavy loads. Every joint in a 
course should bo covered by a brick in tho 
(‘Oiirses alK)vo and below, or, as it is technically 
described, no straight joints should occur in the 
interior of the work. 

Masonry. Masonry was formerly divided 
into brick masonry and stone masonry, the tenn 
masonry referring to the building together of 
a(‘parate blocks. A change has been taking 
phu^o during the last 50 years, and the term 
masonry now relates only to stone w'ork. Rough 
atone, as picked up from the surface of the fields 
in stone districts, may be used without any 
preparation to form diy stone division w^alls to 
tho Helds, or they may be laid in mortar to form 
rubble w'ork. The refuse stone from a quarry 
may be used in a similar way, forming llat-bodded 
rubble when the stone is laminated, or various 
forms of polygonal work, random work, or 
snecked w^ork, when hammer dressed. Rough 
rubbki work is strengthened by being brought up 
to level courses every two or three feet in height, 
so that a fresh start may be made at each new 
level. When each stone is roughly squared, tho 
stability is greatly increased, while in random 
rubble the strength is practically limited to that 
of tho mortar in which it is bedded. When the 
squared stone is of large size it is called blork-in- 
course work, and this is the best kind of rubble. 
Some varieties of stone, such as Kentish rag, 
are so lough that they can be w'orked only by 
a hammer and used as rubble, but sandstone and 
those limestones that come under the designa- 
tion of freestone can be truly dressed with a 
chisel to form large blocks of ashlar, and these, 
when built up, form the strongest kind of work, 
suitable for public buildings. When a stone is 
close-grained and can bo wnrked with sharp 
arrises it is suitable for moulded wrk, and can 
then be used for window dressings and archi- 
tectural work in general. There are many dif- 
ferent ways of finishing tho face and the edges, 
according to tho nature of the stone and the 
taste of tho architect. 

In the construction of lighthouses not only the 
hardest stone, such as granite, has to be used, but 
the blocks have to be very truly dressed and 
dovetailed together, with cramps between tho 
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courses. Masonry dams for water reservoirs 
also require very careful dressing and bedding 
to ensure the greatest strength with the smallest 
quantity of material. With laminated stone it is 
necessary to place the blocks so that the natural 
bed is perpendicular to the pressure. The lam ina- 
tions will therefore horizontal in a wall, and 
radial in an arch ; but in an undercut comice the 
laminations are vertical, running from front to 
back, to avoid the risk of pieces dropping off. 
Hard stone resists the action of the weather very 
considerably, but under the action of fire is far 
less resisting than common brickwork. Owing 
to the cost of stone in some districts walls are 
built of brickwork and only faced with stone, as 
shown in 14. In these cases it is necessary to 
bond the two materials together by limiting the 
height of the stone to so many courses of brick- 
work, and building some stones further in ; or 
cramps may be used to connect the two at short 
intervals. In a somewhat similar manner walls 
are sometimes built of concrete and faced with 
brickwork, as in 15. Generally, the chief 
material used in building depends upon what is 
most readily obtained in the district. 

Timber. Timber in constructive work is 
mostly used for temporary purposes, as for 
centering to support arches during construction 
[16], scaffolding [17], stagings, shoring, and 
struttings [18], supporting the sides of excava- 
tions [19], gantries [20], derrick stages [21], etc. 
In permanent work it is used for gantries in 
stone-yards, jetties [22], roofs [23], and floors 
[24]. Where timber is plentiful and other 
material is scarce, it is used for bridge^s [25], and 
for complete buildings, 'rhere are a few impor- 
tant principles to bear in mind, as laid down by 
Professor Hankine — ' 

1. To cut the joints and arrange the fastenings 
so as to weaken the pieces of timber that they 
connect as little as possible. 

2. To place each abutting surface in a joint 
as nearly as possible perpendicular to the pressure 
which it has to transmit. 

3. To proportion the area of each surface to 
the pressure which it has to bear, so that the 
timber may be safe against injury under the 
heaviest load which occurs in practice, and to 
form and tit every pair of such surfaces accu- 
rately in order to distribute the stress uniformly. 

4. To proportion the fastenings so that they 
may be of e(pial strength with the pieces which 
they connect. 

5. place the fastenings in each piece of 
timl>er so that there shall be sufficient resistance 
to the giving way of the joint by the fastenings 
shearing, or crushing their way through the 
timber. 

To these may be added a sixth principle not 
less important than the foregoing — \nz . : To 
select the simplest form® of joints, and to obtain 
the smallest possible number of abutments. 

In framing structures, the chief point is to 
see that they are properly braced, by diagonal 
struts to prevent racking movements caused by 
wind or other side pressures. 

Timber piling is much used in riverside work. 
Whole, timbers from 10 to 14 in. square are pre- 
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ferred for this work, pointed and shod with iron, 
and hooped at the top to prevent splitting while 
being driven. A ram, weighing from 6 to 30 
cwt., is raised by a pile engine [26] and released 
by the use of a trip lever, or monkey [27], when 
.it reaches the top, so as to give a heavy blow on 
the head of the pile, and this is repeated until 
the set or distance driven by the last blow does 
not exceed J in. Piles, properly driven, will 
usually support a load of 1 ton per inch width 
of side in firm ground, or 5 tons per square foot 
of cross section in soft ground. 

Iron. Iron is the generic term for three 
classes of material — wrought iron, mild steel, 
and cast iron. These differ in composition, 
chiefly in the proportion of carbon combined 
Avith the iron, but this trifling difference has a 
remarkable influence upon the properties of each. 
AVrought iron with J per cent, of carbon is tough, 
fibrous, ductile, and can bo forged and welded. 
Mild steel, with J to 1 per cent, of carbon, is 
tougher, more homogeneous in structure, some- 
wliat ductile, and, with care, can be both forged 
and welded. Cast iron, with 2 to 5 per cent, of 
carbon, is crystalline, brittle, cannot be forged 
or welded, but may be cast in various shapes by 
melting and pouring into a mould. As may be 
gathered from the properties, wrought iron is 
used Avhere the jiiece is required to resist tension, 
or cross strain, or where it lias to be rolled or 
forged into shape, or welded to connect it with 
other pieces. Mild steel is used for similar 
purposes where greater strength is required. It 
is mostly found in the form of rolled joists, 
jingh's, liars, and plates, and used for the con- 
struction ot girders, roofs, bridges, cranes, 
boilers, etc. Cast iron is very strong in com- 
pression, but Aveak in tension, and is therefore 
used Avhere ite particular properties render it 
specially useful, as for castings, brackets, 
machinery framings, columns, and stanchions. 
The latter, being subject to direct loading, arc in 
simple eompression, but Avhen the ratio of length 
to least diameter exceeds about 26, ctist iron 
shoAA's a tendency to bend, and then Avrought 
iron or mild steel are more appropriate. 

Bolts and Rivets. These have been 
called the stitches by which ironwork is con- 
nec t cd. The bolts being easily removable, may be 
likened to chain-stitch ; and rivets, having to be 
cut out individually to remoA^e them, are typical 
of the lock-stitch. Bolts are used for connecting 
cast-iron Avork, because the material will not 
stand the blows necessary in riveting. They are 
also used in wrought iron and steel work where 
connections have to made on the ground 
during erection, to avoid the fire risks from 
having a rivet torge on an unfinished building, 
and to avoid the expense ot engSfeing skilled 
men to put in a tow field-rivets, as they arc 
called. Rivets are specially used in the per- 
manent connection ot wrought iron and steel 
Avork ; they bind the parts closely together, 
rendering the construction stiff and rigid, and 
permitting a proper distribution of stress through 
the various members. Fig. 28 shows the plan 
of base of a riveted steel stanchion. 

HENRY ADAIklS 
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A Biographical and Critical Survey of the Poets of Last 
Century before Tennyson, and the Influences on Their Work. 

NINETEENTH CENTURY POETRY 


'^HE poetry of tlic nineteenth century 
* has its roots in the work of the 
eighteenth century. Its branches stretch 
forward into the century that is yet in its 
infancy. In its style, a notable charac- 
teristic is a certain reaction against artifi- 
ciality and mere rhetoric. In the spiril of 
it is distinguishable the influence of the 
Germany of Goethe and Schiller ; of the 
France of Rousseau and Victor Hugo ; and 
of the problem '' writers of Norway and 
Denmark. The movements toward political 
freedom in France, Italy, and Greece, and 
the evolution of English democracy, have 
all affected it vitally. Tims, to its under- 
standing must be brought some knowledge 
of the historic happenings amid which it 
arose and flourished. 

It is possible io take the works of two or 
more of tlie greatest poets of the period, 
and to derive pleasure from the isolated 
perusal of them. But while there is much 
to be said for the study of the })oetrv of 
any writer for its own sake, too general 
a neglect of “ books about books is cer- 
tainly to be avoided. The more we know 
of the main facts in the life and times of a 
great writer, the better shall we understand 
and appreciate what he has written. It is 
“ the man behind the book ” we are inter- 
ested in, as Carlyle ])()inted out. So far 
as the poets and poetry of the nineteenth 
century are concerned, there is no lack of 
adequate guidance. The field is a wide o;ie, 
and its flowers and fruits are varied. In 
all, something like two hundred names 
claim consideration. Of these, however, 
three or four arc of outstanding import- 
ance ; and rather less than thirty need 
engage those to whom poetry docs not 
make a. very strong appeal. Before taking 
up the study of any one of these writers, 
the reader could hardly do better than 
glance at the names in such a scries as 
the English Men of Letters,"’ and. 
selecting the monograph dealing with the 
author he purposes taking up, make this 
the groundwork or starting-point of the 
study proper. 

George Crabbe (b. 1754 ; d. 1832) is 
a particularly interesting figure. In his 


verse, says Canon Ainger, “ ])ity appeals, 
after a long oblivion, as the true antidote 
to sentimentalism. The reader is not put 
off with pretty imaginings, but is led up to 
the object which the ]X)et would show him, 
and made to feel its horror.” The horror 
Crabbe chose to de.scribe was that of the 
sordid side of English village life as he 
witnessed it in his native Suffolk. 

He applied the lash to the ignoble rich 
as well as depicted with grapliic realism 
the lot of the ignorant poor. We read 
Crabbe for what he says more than be- 
cause of his style, which is uneqiuil and fre- 
quently faulty. His knowledge of human- 
it}" is extensive ; but he lacks both fancy 
and a sense of huniour. 

William Gifford (b. 1756 ; d. 1826) 
was a shoemaker’s a])prcnticc. A giant, 
he used his strength like a giant. His two 
satirical poems, ” The Baviad ” and ” The 
Majviad,” crushed out of existence the 
insipid poetry of the so-called ” Della 
Cruscan vSehool ” ; and to him is generally, 
but erroneously, attributed the ” Quarterly 
Review’s ” famous (or infamous) attack 
on Keats’s ” Kndymion,” which was the 
work of J. W. Croker. He translated 
“ Juvenal ” and edited some of the old 
dramatists. 

William Blake (b. 1757 ; d. 1827) is a 
link between the Eli^fabethans and Words- 
worth. His love of children speaks to us 
in his ” vSongs of Innocence ” ; his feelings 
of horror at the bitter side of life in his 
” Songs of Ex])ericnce.” He was a mystic, 
with something of the contrast of simplicity 
and subtlety in his work that is charac- 
teristic of Browning’s poems ; and he felt 
keenly and expressed keenly social wrongs 
and ecclesiastical tyranny. Like Crabbe, he 
had to fight poverty, and owed his know- 
ledge to his own efforts toward self- 
irnprovement. Like Crabbe, he is again 
becoming read ; but perhaps his fame 
rests mainly upon his skill as an artist, 

Samuel Rogers <b. 1763 ; d. 1855), 
that “ grim old dilettante, full of sardonic 
sense,” as Carlyle called him, wrote a long 
poem in hctDic metre on ” The Pleasures of 
Memory,” and caught, in his blank verse 
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poem ** Italy,” Bonio of the beauties of that 
Southern land. Ho had the wisdom to decline 
the Laureateship. Robebt Bloomfield (b. 1766; 
d. 1823), first a rural “ hand ” and then a shoe- 
maker, Wote, in a London garret, “ The Farmer’s 
Boy,” which gives a sympathetic view of the life 
indieated by its title. He derived his style from 
’rhornson’s Seasons.” Another poet of Nature 
and th(? f>oor, though on a much higher level, is 
.James Hor.o (b. 1770; d. 1835), the ” Ktlriek 
She])berd,” wlio stands next to Hums in the 
order of »Scot land’s peasant- poets. He deseribod 
himself to Scott, to whom he se?it contributions 
for the latter’s “Border IMinst relsy,” as “King 
of the Mountain and Fairy School of Poetry,” 
and this piece of self -descript ion is accepted by 
the critics. “ When the Kye Lome Harne ” and 
” Kilrneny ” (the last-named from “ The Queen’s 
Wake,” a series of legendary tales and ballads 
supposed to have been sung by the Royal bards 
at Holyrood) are among Hogg's most popular, 
and deservedly jmpular, compositions. 

Wordsworth’s Life. William Wobds- 
WOBTir (b. 1770 ; d. 1850) is one of the greatest 
poets of the nineteenth eentury. Indeed, his 
intluence, which was of slow growth at the out- 
set, is growing yet. fn his early days he was 
greatly influenced by tli(^ ideals of French Re- 
publicanism and the teaching of William Godwin, 
the author of “ Political Justice,” a work basing 
morals on necessity, who also had a marked 
influenco on Coleridge. When France, having 
first debased them, forsook her humanistic ideals 
for dreams of v'orld compiest under Napoleon, 
the elTcct on Wordsworth- would have Ikm'ii 
disastrous but for the devotion of his sister 
Dorothy and the fact that a l(‘gacy of £900 left 
to the brother and a sum of £100 bequeathed to 
the sister enabled them to settle down quietly, 
first at Racetlown, in Dorset — where Words- 
worth’s . oiK^ tragedy, “ The Borderers,” was 
written- -th(‘n at Alfoxden, by the Quantock 
hills—which district inspired his and Coleridge’s 
contributions to the volume of “ Lyrical Ballads ” 
— and, finally, at Grasnua’e. This was the homo 
of the Wordsworths from 1799 till the poet’s 
d(M\th, the tliree ])lac(;s of residence there being 
Dove Cottage, Allan Bank, and Rydal Mount. 
“The Pivliide; or, tlu? Growth of a Poet’s 
Mind,” an autobiographical ]K)(Mn in blank vei*se, 
reflects the influence of Continental trav(‘l — 
Wordsworth visited G (Tin any, Italy, and Switzer- 
land as w('ll as Franc(^~and the ])hilosophical 
view's of (Jodwdn. 'Hiat poem and “The Ex- 
cursion ” are parts of an uncompleted scheme. 

Wordsworth as a Critic* Wordsworth 
has to be considered in tlireo aspects— as a 
critic, as a teacher, and as a [)oct. His critical 
opinions may be studied in the preface and 
appendix to the ” Lyrfcal Ballads,” the preface 
to “The Excursion,” and in numerous letters, 
fn the preface to the ” Lyrical Ballads ” ho writes 
as follows; “It may be safely, affirmed that 
there neither is, nor can be, any essential ditfer- 
cnco between the language of prose and metrical 
composition. We are fond of tracing the rc- 
aemblanco between poetry and painting, and 
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accordingly we call them sisters; but where 
shall wo find bonds of connection sufficiently 
strict to typify the affinity betwixt metrical and 
prose composition ? They both speak by and 
to the same organs ; the bodies in which both 
of them are clothed may bo said to bo of the 
same substance, their affections are kindred and 
almost identical, not necessarily differing oven 
in degree.” Pursuing the same idea, he writes 
in the appendix to the “ Lyrical Ballads ” that 
“ metre is but adventitious to composition,” and 
that “ the phras(?ology for which that pass- 
port is necessary, even where it may be graceful 
at ii.ll, will be little valued by the judicious,” 

I’he best proof of the error inherent in this 
view of ])oetry is to bo found in Wordsworth’s 
own work. Elsewhere, in his intense scorn 
for the artificial and the meretricious, which 
were so eluiracteristic of much of the poetry of 
the eighteenth century, Wordsworth went to 
the verge of the trivial. But though ho raised 
a storm of criticism, which delayed due recog- 
nition of liis surpassing gimius and is not yet 
exhausted, it is well to remember with Cole- 
ridge, one of the greatest of literaiy critics, 
especially where Wordsworth is concerned, that 
but for the prefaces and appendices much of 
what has been said against Wordsworth’s fiotuns 
would be reduced to absurdity. The few pages 
that gave such an op])ortunity to the pungent 
parodists of “ Rejected Addressi's,” to Byron, 
to lAMgh Hunt, to .Jeffrey, and to others who 
poureil scorn on Wordsworth, would, but for 
the fear that they rejiresentod an intention to 
overthrow th(5 accepted canons of art, hav(‘ 
been “ passed over in silence as so much blank 
paper, or leaves of a bookseller’s catalogU(‘,” 
and “ only regarded as so many light or inferior 
coins in a rouleau of gold.” 

The Teaching of Wordsworth. As a 

teacher Wordsworth expressed his purpose to 
1)0 : “ To console the alllieted, to add sunshine 
to daylight by making the bap{)y happier, to 
teach the young and the gracious of every ago 
to see, to think, and fool, and, therefore, to 
become more actively and seiairely virtuous.” 
It will bo seen from this he took his vocation 
seriously. “ The poet,” ho averred, “ is a 
teacher. 1 wish to bo considered as a teacher 
or as nothing.” What did he teach ? 

Georg(3 Brirnley, in one of the most brilliant 
of his essays, written in 1851 and still applicable, 
contends, with reason, that the value of Words- 
worth’s teaching “ lay mainly in the power that 
was given him of unfolding the glory and the 
beauty of the material world and in bringing 
consciously before the minds of men the high 
moral function that belonged iff- the human 
economy to the Imagination, and in thereby 
redeeming the faculties of sense from the com- 
I)aratively low and servile office of ministering 
morelv to the animal pleasures. ... He 
has shown the possibility of combining a state 
of vivid enjoyment, even of intense passion, 
with the activity of thought and the repose 
of contemplation. He has, moreover, done more 
than any poet of his age to break down and 
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obliterate the conventional barriers that, in our 
disordered social state, divide rich and poor 
into two hostile nations ; and he has done this, 
not by bitter and passionate declamations on 
the injustices and vices of the rich, and on the 
wrongs and virtues of the poor, but by fixing 
his imagination on the elemental feelings, which 
are the same in all classes, and drawing out 
the beauty that lies in all that is truly natural 
in human life.” 

The Poetry of Wordsworth. Wfis 
Wordsworth a poet ? Indubitably ; as Plato 
and Dante wore poets. Kone but a great jjoet 
could have written such lines as tliese from th(i 
poem ” Composed a few miles above I’intern 
Abbey,” in 1798 : 

“ For I have learned 
To look on Nature, not as in the hour 
Of thoughtless youth ; but luNiring of tent inies 
The still, sad musics of humanity. 

Nor harsh, nor grating, though of ainj>Io. power 
'Po chasU'ii anti subdue. And 1 have ftdt 
A presence that disturbs me with the joy 
Of elevated thoughts ; a sense sublime 
Of something far more deeply inteifused. 

Whose dwelling is the light of setting suns, 

And the rouml ocean, and the living air. 

Ami tilt; blue sky, and in the mind of man : 

A motion and a s])irit, that impels 

All thinking things, all objects of all thouglit. 

And rolls througli all things.” 

]..et the student who seeks to find Wordsworth 
at his best also ponder the exquisite ode (‘iititled 
” Intimations of Immortality from Recollections 
of Early Childhood.” But Words w'orth’s claim 
to rank among the immortals might be based 
on his sonnets alone. From whatever stand- 
point it may be looked at, the sonnet “Com- 
posed upon Westminster Bridge, S(‘ptember 8rd, 
1802,” is one of the finest in the language ; 

“ Earth has not anything to show more fair. 

Dull would he bo of soul who could pass hy 
A sight so touching in its majesty. 

This city now doth, like a garment, wear 
'rhe beauty of the morning ; silent, bare, • 
Ships, towers, domes, theatres, and t(uup!es lie 
Open unto the fields, and to the sky, 

All bright and glittering in th(i smokeless air. 

“Never did suii more beautifully steep 
In its first splendour, valley, rock, or hill ; 
Ne’er saw T, never felt, a calm so deep ! 

The river glidetli at his own sweet will. 

Dear God ! tho very houses seem asleep ; 

And all that mighty heart is lying still ! ” 

There is nothing in the Elizabethan writers of 
the sonnet to surpass this in perfection of form. 
Tennyson never wrote more truly nor with finer 
insight than when, in Wordsworthian phrase, 
he declared that tho Laureate’s wreath came 
to him — 

“ Greener from the brows 
Of him who uttered nothing base.” 

It is unnecessary to urge Wordsworth upon the 
attention of the general reader, for he is so 
securely a popular classic that his poetry is in 
no danger of neglect. 


Coleridge. Chief of Wordsw^orth’s con- 
temporaries was Samuel Taylor Coleridge 
(b. 1772 ; d. 1884). Coleridge was a talker, a 
preacher, a jihilosophcr, and a mystic. His 
best work belongs to his early years, when ho 
was inspired by his love of Nature and by tho 
revolutionary idt'alism of Fnince, and when, 
with Southey and Robert Lovell," ho planned 
the foundation of a Utopia ” in the rich heart 
of the West.” Unhappily, all through his life, 
plans came more easily to him tlian performance. 
His life story is oik^ of the saddest in English 
literary history. His health wms poor, and his 
habits w'ere worse. It is a notable fact that 
his ballad e])io of “ Cliristab<‘l,” though a. frag- 
ment, exerted in MS. forni, some twenty years 
lH‘fore it was ])ublis}ied, a w^ondorful inlluenee 
on Srolt and other contem])orary English poets. 
“ In this w<urdly beautiful creation,” says one 
critic, “ the spiritual and mattwial are so ex- 
fpiisitoly lilended that it is difficult to know 
where they run into each oth(T.” 

For an explanation of the dreamland beauty 
of “ Cliristabel ” and the “ Rime of tho Ancient 
Mariner ” recourse must be had to tl^e German 
pbilosopbcws, particularly to Goethe, HenUu-, 
S<‘h(‘lling, and others of their school, to whom 
Coleridge was niiieli indebted. ]\lr. Swinburne 
says of “ Tho Ancient Mariner ” that it is 
“ perhaps the most wonderful of all poems. 
In reading it we seem ra])t into that paradise 
njvcaled by Swedejiborg, where musics ami 
colour and perlume were one, when^ you could 
h(‘ar tho hues and see the harmonies of heaven. 
For absolute m(‘lo(ly ami splendour if. 
hardly rash to call it the first po(‘m in the 
language.” Mr. William Watson has suggostc*d 
the atjnosj)h(‘re of th(^ poi‘t in tho phrasi^ “ the 
wizard twiliglit Coleridge know.” 

Sir Walter Scott. Sir Waltku Scott 
(b. 1771 ; d. 1882) is essentially a poet for flui 
young. Rcipellcd hy tho Revolution from visions 
of tho future, ho sought and restored to letters 
the romanee of the past. “ Tlu^ Lay of tho Last 
Minstrt‘l,” Marmion,” and “ Tho l..ady of tho 
J..ake,” his best ])ooms, are for the million what 
“ Christabel ” and “ Tho Ancient Mariner ” are 
for the oomparativoly few. For pure joy in 
nature and lovt) of humanitpy Scott was not 
excelled by (‘ither Wordsworth or Coleridge, 
though there is a e(‘rtain mechanical toucli in 
his verso and a rnanmu'ism which prevent its 
being classed with the greatest English poetry. 

Another Soots poet, and one of the swo(*fest of 
song- writers, was Robert Tannahill (b. 1774 ; 
d. 1810), a Paisley weaver, whose life was sad 
and ended tragically. His “ Braes o’ Glenifler ” 
and “ Jessie, th (3 Flower o’ Dunblane ” are 
favourite lyrics with Set^smen the world over. 

Southey and Landor. Robert Southey 
(b. 1774 : d. 1848), as a poet, is little honoured 
today, though Mr. Saintsbury boldly champions 
his cause. His cliango from a democratic to a 
Tory standpoint (exemplified in the differcnco 
between “ Wat Tyler ” and ” The Vision of 
Judgment ”) may have had some influence on 
popular taste ; but bis choice of subjects and 
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his ponderous treatment are sufficient reasons 
for neglect. Of his longer works, “ Roderick, 
the Last of the Goths ” is the best. The others 
are “Thalaba, the Destroyer,” a rhymed epic 
of Arabia; ” Madoc.” a semi -historical poem, 
descriptive of the adventures of a Welsh prince ; 
and “ The Curse of Kehama,” a poem in irregu- 
lar rhyiJK'H, the theme of which is drawn from 
Hindu mythology. Southey will always be kept 
in sure if slender memory by such spirited 
ballads as “The Battle of Blenheim,” “The 
Well of St. Keyne,” and “ The Ineheape Rock.” 

The name of Walter Savaok Landor (b. 
1775 ; d. 1864) recalls one of the most touching 
stories in tluj romaiujo of r(;ality. It is told 
with exquisite sympathy by 8ir William Hunter 
in the introductory chapter of his “ Thackerays 
in India.” Midway in the impetuous rush of 
his stormy youth Landor found kindness in the 
family of Lord Aylmer, with whose gifted 
daughter Rose he fell in love. The affection 
was mutual. It was Rose Aylmer who lent him 
the book that inspired the work — “Gebir” — 
in which his genius first flashed out into en- 
during flame. Hope told a flattering tale, and 
then Rose Aylmer was sent out to relatives in 
Calcutta, there to find an ear'y grave. For days 
and nights her image never left Landor’s brain. 
“During hours of sleeplessness he wrob^ fluj 
elegy which enshrines in a casket of pearl fhe 
name of Rose Aylmer as long as maiden hearts 
shall ache and tlie English language} endure ” ; 

** Ah, what avails the sceptred race ? 

Ah, what the form divine ? 

What every virtue, every grace ? 

Rose Aylmer, all were thiru'. 

Rose Aylmer, whom these wakeful eyes 
May weep but n(;ver sec, 

A night of memories and of sighs 
I consecrate to the(‘.” 

Landor gave a marked im()otu.s to the Romantic 
movt'inent, and, while he is more for the student 
than for the general reader, the latter must 
make some aeqnaintanee with his poetry and his 
prose. The pocuns of Gharles Lamb (b. 1775; 
d. 1834) are chiefly valuable as expressions of 
his gentle nature. 

Campbell and Moore. Thomas 
Campbell (b. 17t7 ; d. 1844) is, like Southey, 
best remembered by his lyrical poems - 
“ Hohenliuden,” “Ye Mariners of England,” 
“ The Soldier’s Dream,” “ Lord Ullin’s 
Daughter” and the “Song of the Evening 
Star ” aro among them. His “ Pleasures of 
Hope ” is an eeho of Thomson and Gray. 
Thomas Moore (b. 1776 ; d. 1852), who wrote 
“ Lalla Rookh ” and many songs to old Irish 
aim, had in abundance the double gift of vocal 
and poetic melody. His poetry, said Jeffrey, 
was as tho thornless rose ; “its touch of velvet, 
its hue vermilion, and its graceful form cast in 
beauty’s mould.” “ To me,” said J3yron, “ somo 
of Mooro’s last Erin sparks — ‘As a Beam o’er 
the Face of tho Waters,’ ‘ When he who Adores 
thee,’ ‘ Oh, Blame not the BardJ ‘ Oh, Breathe 
not his Name’— are worth all the epics that 
over wofo com|ipaed.*’ 
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But Moore possesses claims in addition to 
those dependent on the charm of his “ Irish 
Melodies.” His latest critic, Mr. Stephen Gwymi, 
remarking on tho increasing virtuosity shown 
during the nineteenth century in the managemcjnt 
of lyric metros, says : “ From Cowp^ and Crabbo 
to Mi\ Swinburne is a strange distance ; and it 
luiH not l)e(}n sufficiently realised that Moore is 
very largely responsible for the advance. Many 
critics have noted the change from the strictly 
syllabic scansion of Pope’s school to metres like 
those of Tennyson’s ‘Maud,’ and a hundred 
later poems, in which syllabic measurement 
is wholly discarded. It has been noted also that, 
even in the fn‘.er metres of the sixteenth and 
seventeenth centuries, lyric writers confined 
theruseJves to variations of tho trochee or 
iambic, and that an anapa'stic or dactylic 
measure is hardly found before Waller. But 
it has been hardly recognised that till Moore 
began to use these triple feet no poet used 
them with dexterity and confidence. . . . It 

is Moore’s great distinction that ho brought into 
English verso something of the variety and 
multiplicity of musical rhythms.” 

Other Contemporaries of Words- 
worth. Other poets calling for brief mention 
are ; Ebenezer Elliott (b. 1781 ; d. 1849), 
whust* “ Corn Law Rhymes ” have served to 
distract attention from his transcripts from 
Nature ; Leigh Hunt (b. 1784 ; d. 1859), whose 
njputation, largely due to bis prose writings, 
would not bo inconsiderable were it based only on 
“The Story of Rimini,” and his other an<l 
shorler poems, of which “ Abou Ben Adhem ” 
and Jenny Kissed Me ” arc most familiar ; 
Thomas Love Peacock (b. 1785; d. 1866), 
who wrote a number of delightful lyrics which 
are to be found in his novels; and Bryan 
Waller Procter (“ Barry Cornwall ”) (b. 1787 ; 
d. 1S74), who, while he is better known for his 
a])])rcciations of poetry than as a poet himself, 
wrote at least one good song, “ 1'ho Sea.” 

Byron. Lord Byron (b. 1788; d. 1824) 
hfLs been strongly commended to working- 
class readers by no less an authority than 
Viscount (John) Morley. 8incc the reaction 
following the somewhat flattering hero-worship 
to which he was once* subjected, Byron has 
enjoyed a far greater popularity on tho Con- 
tinent than in England. It is especially true 
of Byron that without somo knowledge of the 
.successive stages of his short but crowded 
life, bis belongings, his surroundings, his friend- 
ships, and his fortunes, a great deal of his poetry, 
as one of his editors, Mr. Ernest Hartley Coleridge, 
points out, lacks significance. His output was 
large. It comprises two epift, or quasi- 
epics, “ Childo Harold ” and “ Don Juan ” 
— M'hicli constitute his best work — twelve 
narrative pooms, eight dramas, seven or 
eight satires, and a multitude of occasional 
poems, l 3 rrics, epigrams, and jeux d’ esprit. As 
to the dramas, Mr. Coleridge, who reminds 
us that “ Wemor ” was the only one that 
took any hold on the stage, considers 
“ Sardanapalus ” “ by far the geeatest and 
most original” of the “regular” ^ys. The 
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importance of Byron is well expressed by the nesses, flatnesses ; ho lacked tho power to 

same critic : “ He brings the wisdom of tho finish ; he offended by a hundred careless 

many to boar upon his individual experience, impertinences ; but his whole being was an 

‘ touching it with emotion,’ and re- making altar on which the (lame of pcreonal genius 

it by tho potency of his wit. His wisdom is flared like a conflagration.” In a word, Byron 

not that of t]^e market, nor of the cloist(‘T, nor of had the true poetic “ glamour ” ; a ])ersoiiality 

tho academy, but of a man of the world who not to be shackled by any laws of rhythm or 

has realised and faced tho problems of existence. rhynuj. No readi'r with any taste for poetry. 

If ho ‘ taught ’ us little of tho spiritual amenities responsive to the passionate expression of a 

of the soul, he has taught ns tho limitations of soul unrestful, will neinl to bo urged to the 

our hopes and fears, and to bear with revenmeo reading of Byron : oiic(» taken up, liis poetry has 

and submission tho burden and the mystery of a com j)elling force unsurpassed, if not unrivalled, 

our fate. He is neither ]iessimist nor optimist, by that of any other writer of tin' eeiitury. 

but he reasons eoiu'crning things as they are, Shelley. In thij ease of Pkr(!V JIyssiiic 
and the judgment whieb is eome already.” Siikixry {]>. 1792 ; d. 1822), the stiidtait of poetry 

He shows, in short, how hollow ai’ii many of the must ho warned against being misli‘d by warped 
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baubles for whiidi a section of democrai;y 
craves. Ho is a keen satirist and a humorist 
“ of tho following of Kahelais and Steriu*.” 
Coleridge has described him as “ the j)arent of 
modern fun.” 

According to Dr. Brandos, ” French Roman- 
tieisin and German Liberalism are both direct 
descendants of Byron’s Naturalism.” "riic vogue 
of Byrons verse-romances induced Scott to 
turn to prose. “ With Byron,” says Mr. Gosse, 
” tho last rags of the artificiality which had 
bound European expression for a century and a 
half were torn off and flung to tho winds. He 
taught roughly, melodramatically, inconsw- 
tently, but ho taught a lesson of force and 
vitality. He was full of technical faults, dry- 

Z D a8 


and narrow views eoueerning Shelley's life. 
Sludley was, as Byron was, a hiuald of ri*volt ; 
but h(? was also, what Byron could hardly said 
to las an idealist. Byron was at times sinc<‘re; 
Shclk*y always so. If Sliell(*y (Tied, as wo may 
think, against the social conventions, it was not 
out of contempt nor in any spirit of reekk'ss 
libertinism, but because^ Ikj iiad (‘Oiistruct(*d f()r 
himself a philosoyihy artd adh(T(‘d to it. His 
principal works are ” Queen Mai),'’ ” Alastor,” 
“The Revolt of Islam,” ‘MVometheus Lhi- 
bound,” ” Tl)^^ ('('iiei,” '‘Julian and IMaddalo,” 
the “ Witch of Atlas,'’ *’ Kpiiisyehidion,” 
“ Adonais,” and ” Hellas.” In ” Quetm Mab ” 
w'ero exjiressed the mingled ichvilism and atheism 
of tho Revolution. ” Prometheus Unbound ” 
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is well described as the finest example we have 
of the working out in poetry of the idea of a 
regenerated universe.” “ Adonai’s ” was a lament 
for the death of »fohn Keats. “ The Cenci ^ is 
the most powerful drama in Knglish since 
Otway’s “ Venice Preserved.” Shelley’s was a 
divided personality ; he lived in the world, but 
all his thoughts soared into the empyrean. As a 
|) 0 (‘t of the imagination, he was immeasurably 
superior to Byron. Of his lyrics, the “ Ode to 
the West Wind ” is as imperishable as anything 
in English poetry. “At his Ix^st,” says Mr. 
(losse, “Shelley seems like yEsehyhis, and, at 
his worst, merely like Akcjnside.” 

Keats, I’o turn from Byron and Shelley to 
JuiiN Keats (b. 1795; d. 1821) is like passing 
from a storm in which body and soul have betm 
engaged to some sweet resting- j)laee. Keats 
leaves the probhuns of passion - whether jdiysieal 
or purely intelltHdual — alone, and tunes his lyre 
to hymns of beauty and the praise of Nature. 
He is one of th(^ first of modern literary poets, 
drawing his inspiration largely from Aiieieiit 
Greece and Elizabcithan England, though the 
influence of his fri(?Jidship for Leigh Hunt is 
distinguishable in bis early poems. “ Keats,” 
writes Mr. (j}oss(% “ lias been tlu^ master-spirit in 
the evolution of Victorian [loetry. Both 'Fenny- 
son and Browning, having in childhood been 
enchained by Byron, and then in a(lol<*s<!enco by 
iSholloy, re<achcd manhood only to transfer their 
allegiance to Keats, whose influence on l^higUsh 
poetry siiujc 1830 has been not loss universal 
than that of Byron on tin* literaturt^ of thc 
Continent. ... In spite of what ho owes to the 
Italians . . ..no poet, save Shakespeare himself, 
is more English than Keats ; none presents to us, 
in the harmony of his verse, his personal charac- 
ters, his letters, and his general tradition, a figure 
more completely attractive nor better calculated 
to lire the dreams of a generous successor.” 

When the critics attacked “ Endyinion,” the 
attack was meant to reach, through that po<‘in, 
the deU^sted jiolities of L('igh Hunt. Not only 
Browning and Tennyson, but Dante Gabriel 
Rossetti, William Morris, and Algernon Charles 
Swinburne owe much to Keats. “ Hyperion ” 
is a beautiful fragment ; the odes “ On a 
Grecian lUn” and “To a Nightingale,” the 
sonnet, “ On first Looking into Chapman’s 
Homer,” and the poems, “ The Eve of St. 
Agnes ” and “ La Belle Dame Sans Merci,” stand 
by themselves in thv. fonunost ranks of their kind. 
They are the work, be it remembered, of one 
whose father worked in a livery stable, and who 
began life as a surgeon’s apprentice. 

Other Poets of the Early Nineteenth 
Century. There are many names to be men- 
tioned before we come to the next one of out- 
standing importance. * Among them are Sir 
Aubrey De Verb (b. 1788 ; d. 1846), who went 
to school with Byron, was a friend of Words- 
worth’s, and wrote several fine soimets and two 
dramas of much poetic strength, “Julian the 
Apostate ” and “ Mary Tudor ” ; John Ct.arb 
(b, 1793 ; d. 1864), who was the son of a poor 
labourer, and v/hose “Poems Descriptive of 
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Rural Life ” owed much, as Bloomfield’s did, to 
the influence of Thomson’s “ Seasons 
Hartley Coleridge (b. 1796 ; cl. 1849), eldest 
son of Samuel Taylor Coleridge, and a sonneteer 
of much felicity and gracefulness ; George 
Darley (b. 1795 ; d. 1846), critic, and author 
of a pastoral, “ Sylvia,” and a poem, “ Nepenthe,” 
in which, amidst much gorgeous imagery, he 
worked forward to the apotheosis of Content- 
ment ; and William Motherwell (b. 1797; 
d. 1835), a Scots song- writer, whose “Jeanio 
Morrison ” and “ My Hoad is like to Rend, 
Willie,” are classic north of the Tw(iod. 

One of the most popular poets of this period 
was Thomas Hood (b. 1799; d. 1845), whoso 
“ I remember, T remember,” “ The Dream of 
Eugene Aram,” “ The Song of the Shirt,” and 
“ The Bridge of Siglis ” are as truly poetry of the 
heart as his inimitable humour was original. 

Poets Passing and Lasting. Others are 
William Thom (b. 1798; d. 1848), a Scots band- 
loom weaver, and author of a rcunarkable poem, 
“The Mitherless Bairn” ; Lord Macaulay (b. 
1809 ; d. 18.59), whoso “Lays of Ancient Rome ” 
call for mention here ; Sir Henry Taylor (b. 
1800 ; d. 1886), whose “ Philip van Arteveldo ” is 
to be com mended as a st udy in human hisl ory 
iis wt‘ll as an ex [)eri merit in romantic (literary) 
drama; Charles.!. Wells (b. 1799; d. 1879), 
the friend of Kr^ats, and the beauties of whoso 
“ Joseifli and His Brethren.” a Biblical drama, 
were rieglectod till attention was drawn to them 
by Mr. vSwinburne ; William Barnes (b. 1801 ; 
d. 1886), the pastoral po(^t of Dorsi^tshire ; 
WiNTHHor Mackworth Prakd (b. 1802; 

d. 1839), a writer of bright, witty “society 
verse”; Richard Henry Horne (b. 1803; 
d. 1884), whose fine epic “ Orion,” was sold first 
at one farthing ])cr copy, “ as a sarcasm upon 
the low estimation into which epic poetry liad 
fallen”; Thomas Lovell Bed does (b. 1803; 
d. 1849), an introspective poet, whose “ Death’s 
.Test Book ; or,, the Fool’s Tragc^dy,” proclaims 
him a good jxret if a poor dramatist ; and 
Robert Stephen Hawker (b. 1803 ; d. 1875), 
the inspired poet-priest of Morweristow. 

Our Greatest Poetess. Elizabeth Bar- 
rett (Browning) (b. 1806 ; d. 1861), England’s 
greatest poetess, whose CVy of the (3rildren,” 
“ Casa Guidi Windows,” “ Roerns Before Con- 
gress,” “ Aurora Leigh,” and “ bonnets from the 
Portuguese ” bespeak the exquisite tenderaess of 
a womanly woman more than they display the 
technical excellence of a ])oet. Finally, we must 
mention John Sterling (b. 1806; d. 1844), 
whose life — it is enshrined in Carlyle’s splendid 
memoir— is his host poem ; and I^chard Che- 
Nimx Trench (b. 1807 ; d. 1886), a writer of 
some sincere and simple poetry, a notc^worthy 
divine, and a philologist of some distinction. 

Every poet named in this group is of some 
importance to the student, but with the excep- 
tions of Hood, Macaulay, Praed, and Elizabeth 
Barrett Browning the general reader need not 
be expected to have more than a partial know- 
ledge of their writings. 

J. A.* HAMMERTON 
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Positions in the Metropolitan and Provincial Police 
Forces. Royal Irish Constabulary. Fire Brigades. 

POLICE AND FIREMEN 


M any of the niiinicipal civil servants wliose 
callings wo have tliHcusscd arc but little 
known, oven by name, to the general public whom 
they serve. Unlike these, liowever, the police 
ofheer does his duty under the eye of the jieople. 

In a work like the jiresent, addressed very 
largely to students and to young men who hav<' 
not yet definitely chosen I heir calling, special 
importance naturally attaches to the conditions 
of entry into the service. We shall therefore 
seek to show the ])rospe(;tive police ofiicer very 
clearly what })hysical and other ( pi ali Heat ions 
are reejuisite for candidates, ami what steps 
should be taken in order to gain admittance. 
Other leading features Avill be the duties and 
rates of {)ay in the various grades, the prospects 
of promotion, and finally the terms on which 
pensions arc granted. 

Numbers and Constitution. The 

police forces of the United Kingdom number in 
all some 08,t)()0 men — a civil army fully as 
numerous as the medley of llritish, Belgian, and 
TTanoverian troops who lined the ridges of 
Waterloo. Of these officers ol.OOO are stationed 
in England and Wales, and between ll.OOt) 
and 12,()()0 in Ireland. We have termed the 
])oliec a inunieipal body, and in the main that 
description i.s a<!curate. If we exclude Ireland, 
and that part of London wliich lies outside the 
City proper, every police force in the king- 
dom is under the control of a local authority. 
They comprise two great divisions- -the county 
and the borough const abidary, (he former being 
controlled by a standing joint committee of 
the quarter sessions and the County Council, 
the latter by a special commi(t(‘c the Watch 
Coniinittee — of (he Borough (\)uncil. In the 
(!ity of London, however, the Court of Common 
Council instead of the Watch CoJiiinitlee is (he 
police authority. 

To the general rule of municipal control there 
are but three oxceiitions. They are very notable* 
ones, consisting of the largest civil forces in the 
kingdom — the Metro])olitau and Dublin Bolicc, 
and the Royal Irish Constabulary. The first, 
although paid largely from inunicifral sources, 
is naturally, as the civil fiover for the capital of 
the Empire, controlled by the Home Secretary, 
Tho Dublin J^olice owe allegiam^c to the Chief 
Secretary for Ireland. 1’he third body — doubt- 
less for old-time political reasons — is uikUt the 
direction of the Lord -Lieutenant of Ireland. 
Nevertheless, as the police organisation through- 
out the country is nearly uniform, it is expedient 
to include these three lm]icrial forces among 
their many municipal brethren, so that onr 
police service may be coiLsidered as a whole, 
and within tho scope of a single chapter. But 
only in one respect is there absolute uniformity 


among the many police forces of England and 
Wales. By a slaliitc passed in IDIO, every police 
officer is entitled, except in lime of emergency, 
to one day's rest w('(‘kly. 

On sii(!h ((ucstions as (lie age and heiglit of 
candidates and lh(^ rates of pay for otficiu's of 
each grsule, no fixed scale is opei alive, eaeh local 
anthorily being emjiowered— within eertain 
limits — to fix the standard for its own forec. 

The Metropolitan Police Force. Foi 
the most part these ditTeronees are but slight, 
and therefore we treat onr eompositi* subject 
by s'eleeting as typical that largi'st of all 
])oliee bodies -the Metropolitan Police Force, 
distinguishing where necessary between its 
r(*gulalioiLs and those of tho City Police and the 
numerous county and borough forces. The Royal 
Irish CoiLstabularv, however, as a semi- military 
body with a siieeial organisation of its own, is 
se parat e ly cons i ( U* ro( I , 

The Mi'tropolitan Police Forei*, to which is 
entrusted the unique task of safeguarding the 
citizens of (h'eater London, has an area of 700 
square miles under its surveillanci*. As an Iin}>erial 
forec it also furnishes men for duty at the Royril 
palaces, chief naval bases, and >Var Ofiice 
factories and stores. Subject to the suprena^ 
control of the Secretary of State, it is directed 
by a Chief Commissioner and liis four assistants. 
Acoording to tln^ latest available returns, its 
strength is as follows : 

Chief eonstahl(‘s, 0 ; suiierintendents, ; 
inspectors, fiOS ; scrgt‘ants, 2087 ; constables, 
17.01L Total. 20,:Mo. 

Every constable is infonneil upon enlistment 
that be may hope to rise by activity, intelligence, 
and good eonduet to the supiwior grades ; and 
as each jiositiou lielow that of chief constable 
is tilled by tho promotion of subordinates, 
the scope alTordcd by this democrat io service 
to a zealous and able officer is vciy considerable. 

Conditions of Entry. Every candidate 
for (lie Metropolitan Police must be over 20 
and under 27 years of age, must stand 5 ft. 9 in. 
high (without boots or stockings), and must 
free from any bodily complaint, and of a. strong 
constitution. He. must further bo gcmorally 
intelligent in (he judgment of the olfie(‘rs before 
whom he presents liimself, and must bo abk^ to 
read well, write legibly, and have a fair know- 
ledge of spoiling. Tie cannot lx* acecptc'd, as a 
rule, if he has more than two childn'U <.l('})cndent 
on him for support. 

The bodily conqilaiiWs for wliich candidal es 
are most frequently rcjee(i‘d ineliahi rutiture, 
flat-foot, varico.*-'e veins, tiiiiiours, still lU'ss oi (he 
joints, narrow (Oiest, and weak sight. 

An ap])lication form for this service can be 
obtained from the (Commissioner ol Metiopolitan 
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Police, New Scotland Yard, S.W., and should 
be tilled in by the v^ould-bc constable, in the 
presence of the chief officer of police for his 
district, with certain particulars as to his age, 
character, and calling. The chief officer then 
measures and certifies the candidate’s height 
and cheat development, and the form, thus 
completr^fl, is returned to the ( 'Ommissioner’s 
office. If this preliminary inquiry is satisfactory, 
the candidate rec^eives notice to attend at New 
Scotland Yanl one morning, where his measure- 
ments are chocked and he is carefully examined 
by a police .surgeon. Having passed this ordeal 
and given proof of his general fitness for police 
work, he is drilled for six weeks in stpiad exercises 
and the duties of a constable. Hi.^ j)eriod of 
probation is now at an end. He is sworn in as 
a police constable, and posted to one of the 
22 divisions of the force, where, after further 
instniction in his work, he finds bimSelf at 
length a constable in earnest. During the first 
six months of his service ho devotes alternate 
evenings to att<'nding police instruction classes 
and night school. 

Police Duty. Metropolitan ])olice con- 
stables are required to perform eight hours* 
duty daily. Night work is always done in an 
unbroken spell, from 10 p.m. to 0 a.m. ; day 
duty is performed either at a stretch or in two 
spells of four hours eacl\. The work may be 
either patrolling a prescribed round (in official 
parlance, a “ beat”), or standing sentinel at a 
fixed “point.” The latter duty sometimes 
involves “ traffic regulation ” — t he hated task 
of standing in the carriage-way at a crowded 
street corner, directing the never-ending cro.s8- 
tidc.s of traffic. As a rule, the officer is engaged 
during alternate months on night and day work. 
The latter is pleasant enough, save in the worst 
of weather ; but the former, with its long, silent 
liours and its encounters with ruffianism and 
crime, is both tedious and 4;rying. To sctmre a 
savage prisoner single-handed amid a hostile 
crow d, in “ the woe, sma’ hours ayont the 
twal,” taxes all the novice’s courage and skill. 
But. tact and judgment, combined with a fearless 
bearing, are admirable solvents of the rough 
])ractical problems of street duty, whether they 
l>rcsent themselves by day or night, and the 
young constable is not long in becoming .sea- 
soned to his w'ork. 

River and Mounted Police. In addi- 
tion to the ordinary street officers, the Metro- 
jiolitan Force includes two. special branches — 
the Thames division and the mounted contingent. 
The river force is recruited entirely from sailors 
and boatmen, who must bo able to swim and 
skilled in the management of small craft. For 
the mounted section, preference is given to men 
who have served in a cavalry regiment, but any 
officer who is an expert rider and understands 
horses cgm apply to enter it after six months* 
service on foot. Excppt that the, horsemen are 
reauirod to do 10 hours’ duty daily — five in the 
saadle and five in the stables — both river and 
mounted officf^rs are subject to the ordinary 
conditions of the service. 
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The Road to Promotion. After a few 
years of steady work in the ranks, a constable 
who is sober, reliable, and shrewd may look for 
promotion to the rank of sergeant. The first 
step toward this object is to obtain his super- 
intendent’s recommendation — generally through 
the kind offices of a friendly inspector. Candi- 
dates thus selected are first subjected to a pre- 
liminary trial in writing and arithmetic by the 
station clerk, and those who there acquit them- 
selves passably, and have mastered police squad 
drill, are “ .sent up for sergeant.” 

The first and most trying part of the actual 
ordeal for promotion is an examination in x>olice 
duty by a board consisting of a chief constable 
and four superintendents. The aspirant for the 
sergeant’s stripes is required to make out written 
reports specifying exactly what steps he would 
take on a given contingency arising — a fatal fire, 
an accident to his Majesty’s mails, the escape 
of a prisoner under arrest, or some such emer- 
gency. Jf his answers show both knowledge of 
police powders and discretion in wielding them, 
he is called before the examiners to answer viva 
vcm a few searching questions based on the 
“ police instruction book ” — a formidable manual 
of police law and practice*. Many candidates 
fail at this stage tbrougli nervousm*ss or over- 
confidence, when an instant’s quiet rcliection 
would have saval them. 

The survivors undergo a simple examination 
in writing and spelling, reading and copying 
manuscript, elementary composition, and the 
first four rules of arithmetic. ’J’hosc who pass 
arc tium appointed sergeants as vacancies occur. 

An intelligent olTicer is usually alTordcd two 
or three chances of “ passing for serg(‘ant,” but 
only the s})eeially recommended are promoted 
without examination. 

The next grade — that of station-sergeant — 
is attained by passing a fui’ther test in knowledge 
of police matters before the examination board. 

Inspectorships. For advancement to the 
grade of inspector a more diflicult examination 
must be taken, the test of police duty being 
more exacting, and the arithmetic paper in- 
cluding weights and measures, reduction, and 
vulgar and decimal fractions. A capable, well- 
educated man, who does his duty with zeal and 
discretion, and has kept his “ defaulter’s sheet ” 
clean, should be able to attain an inspectorship 
without undue delay. But the higher positions 
available, as sub-divisional and chief in8i)ectors, 
and as .superintendents, arc so few' and so eagerly 
contested that further advancement is naturally 
slow and uncertain. An examination in English 
and in advanced knowledge of police duties and 
administration is prescribed for each rank. Pro- 
motion is said to be slowest in the mounted branch. 

The Criminal Investigation Depart* 
ment. The detective branch of the Metropolitan 
Force has its headquarters at New Scotland Yard, 
and, though officially described as the Criminal 
Investigation Department, it is better known 
to fame as the C,I.D., or “ the Yard.” It is 
specially devoted to the repression of grave crimes 
and such as involve elaborate inquiries or present 
other special difficulties ; and if the work of tliis 
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department scarcely realises the sensational 
descriptions of novelists, it is in sober earnest 
very responsible and trying, and occasionally 
dangerous. On the other hand, the absorbing 
interest of detective duty, the special rates of 
pay for sergeants and higher ofFieers of this 
branch, and the chances of j)ersonal distinction 
and valuable rewards, attract to the ranks of the 
C. l.D. tlie ablest members of the force. 

To become a detective, however, is far from 
easy. Every officer is individually selectc‘d from 
the uniform staff, and must dis])Iay in that 
capacity exceptional slirewdness and iH'sourco 
in dtvaling with crime ere ‘‘ the Yiird will open 
its gates to him. The usual method of selection 
is to appoint a smart young uniform officer on 
probation for a while as a ]>lain- clothes patrol. 
If lui makes good use of this opportunity he is 
eventually transferred to the, detcctiv(i branch. 

Pay, Allowances, and Pension. The 
various ranks of the Metropolitan Police are [»aid 
on the following s(;ale, with increased allowances 
for sjx'cial duty at the palaces and elsewhere. 
W'hctluT oaleulatcd on the weekly or yearly pay, 
the increment is in every case an annual one. 

(^mstahles, 27s., by Is. a week to 35s. a week, 
and after 15 years’ service, 37s. 6d. 

»Sergc‘ants. 40s., by Is. to 44s. a week. 

8('rgcanls (deU^etive) in throe classes, £2 2s. Od., 
by Is. ami 2s, a week to £3 38. 8d. 

Station sergeants and clerk sergeants, £2 10s., 
by Is. to £2 13s. 

Ins|x*etors (divisional), £3 2s., by 2 h. to £3 lOs. 

Inspectors (sub-divisional), £3 1 7s. (kl. to 
£4 2s. (id. a week. 

Inspeetoi's (chief), £4 12s, to £5 8s. 

Inspectors (detective) in three classes, £3 (is. Cm!., 
by 2s. and 4s. to £5 18s. (id. 

Phief inspectors (detective), £(i 7s. Od., by 4s. 
to £7 7s. (id. a week. 

8uj)erintend('nts, £340 a year, by £20 to £450 
(six receiving £25 a year good service {illouanco, 
and one £50). 

C.l.l). and other officers employed in plain 
olothi'S are entitled to an allowances in lieu of 
uniform ; and, as \niiform boots an? no longer 
issued, inspectors receiver instead 8id, a We-ek, 
and sergeants and eonslables Gd. Married 
ofTicers of the last two grades, who are not 
accommodated in the [)olice-station quarters, 
and whose rent exceeds (is. a week, are entitled 
to an allowance “ in aid of rent ” which varies 
from Is. Od. to 2s. Gd. a week, according to the 
district in which they reside. fSinart, w'oll- 
oond noted men cvrc eligible for employment in 
the Houses of Parliament, museums, and Govern- 
ment offices, at an extra Is. a day. 

The scale of pensions for the Metropolitan 
Force is a very liberal one ; indeed, it is the 
inaximum permitted by statute. Apart from 
special rates for officers injured on duty, those 
who are invalided after J 5 years’ service, or more, 
receive proportionate life pensions. Further, 
the ordinary rates permit of retirement al will, 
after 25 years’ service, u()ori P^.V» 

after 2G years at the maximum rate of two-thirds 
of such pay. Thus, a constable entering the 
force at the age of 21, and reaching the grade of 


chief inspector, for example, is entitled to retire 
at the age of 4G on a life ijension of over £174, 
or at 47 on £187 a year. 

City of London Police. This fine body, 
the admiration of all visitors to the heart 
of the capifal, numbers some 1230 men in all. 
The conditions of rc'cruitmeiit aro practically 
identical w ith those of the Metropolitan Police, 
save that the standard of stature, wdiieh never 
falls below 5 ft. 10 in., is at [>rcsent fixed at 6 ft. 
The physique of candidates must bo proportion- 
ate to their heiglit. Tlic hours of duty aro the 
sanu‘ as in th(‘ Mel ropolitan Force ; but the City, 
thronged by day, and well lit and orderly by 
night, is a pleasanter patrol-ground than most 
dist ricts in the (OvattT London ari'a. 

♦Salaries average higher for subordinate ranks 
than in the M(*ta*opolitan Force. Uniform con- 
stabk's, b(‘ginning at 28s. Gd., rise in six years to 
41a. (kl. a w'e(‘k, and are eligible, after 15 years’ 
S(‘rvico, for the ‘‘ jiuTit class,” receiving 44 k. 
All ranks draw 3s. a month for boots. Then^ is, 
however, no rent-aid allow'ancc. For sergeants, 
the maximum is £2 1 2s. a wx'ek. HigluT ])osts aix^ 
remunerated at about tlie same rate as outside 
the City; but t;hief inspectors of the uniform 
branch attain only £5 .5s. a w'eek. Detcotives of 
all ranks recei\'(i ordinary pay, with an extra 
allowance ninging from 8s. a w eek for constjibK's 
to 12s. for chief inspetitors. The (Uty pension 
scheme permits of retinunent after 25 yt'ars’ 
service on three-lifths of full pay ; but to attain 
two-thirds it is necessary to sfTvo for 29 }'cars. 

County and Borough Constabulary. 
Th(^ conditions of entrance into the uumeroiis 
local forces comprised uiidiT these two divisions 
vary a good deal, ])articularly on the seor(^ of 
ag<‘. Some chad constables accept n'cruits as 
young as 19 years, and will not. (*nlist tb(‘m after 
the age of 25. In Scotland, under a g(‘neral 
rcslrkdion, ])olico recruits over 25 years of ag(^ 
are not accept (‘d. A good many forces tix 30 as 
the maximum, but the average* limits an^ 21 (o 
2G or 27, with occasional extension in favour 
of ox- Army men- who arc ge'nerally in riMpicst 
for police duty, Gandidates who contemplate 
joining a constabulary force should a[)ply to 
the local (‘hief Gonstabk*, who will furnish them 
w'ith the regulations of (‘iitry. 

IMany borough, and even county, forces arc 
almost as small as Namgay Doola’s army. 
Se'vcral of the former e^an muster a bare dozen 
ollio(‘rs for full })ara(les ; Louth, (.’onglotoii, and 
otliers are below even that mode^st tigun*, and 
have not a solitary inspector among them all. 
Of county forces, ilutland’s is least, numbering 
JG of all ranks ; and liancashin* heads the county 
list with over 19(X) officers. This latter tigure, 
however, is surpassed by Liverpool, which boasts 
the largest borough force in this country, and 
one that merits sj>ecial,notice. 

The strength of the Liveiqiool Police l"oree, 
according to recent statistics, is 2251 men (in- 
cluding 12 superintendents and 72 insjK‘ctors), 
and compris^s a ri\ er force, a pohee tire brigade, 
and a small mounted contingent-. Excluding the 
salaries of the Head (Constable and his deput ies, 
the rates of pay aro as in the folio u iiig statem(*nt. 
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Constables, 27s. to 36s. a week. 

Sergeants, 388. to 448. a week. 

Inspectors, £120 to £170 yearly. 

Chief Inspectors, £180 to £220. 

Superintendents, £260 to £420. 

Chief (lerk (a police officer), £500 yearly. 

The pension scheme provides for two-thirds 
of pay after thirty yeara' service, and there is 
a “ merit class ” for sergeants and constables, 
carrying extra pay. 

The Transfer Clause. In county forces, 
and those of the smaller boroughs, the general 
level of salaries is somewhat srnall(T than at 
Liverpool. Constables’ pay sometimes starts at 
as little as a guinea a week, and for higher grades 
the average rates are approximately as follow : 
Sergeants, 32s. to 37s. a week ; inspectors, £100 
to £130 a year ; and superintendents, between 
£140 and £220. k^irther, many minor police 
forces, owing to the scarcity of higher positions,, 
oiler practically no prospects of promotion. 
Fortunately, however, there is a valuable pro- 
vision in the Folice Act of 1890, which enables 
an ambitious officer who finds himself so un- 
fortunately placed to transfer, under certiiin 
conditions, to a more promising force, without 
forfeiting the service he has already rendered 
toward a pension. Un<l(T section 4, claust^i 4, 
of that Act, “ an oHicer s ap])roved service of 
not less than thriu^ years in any police force in 
the kingdom shall be rec^koned as service in 
any other such force to which, with the written 
consent of his chief officer, ho may remove.” 

The Chief Constable. The premier 
posit ion of chief or head constable, in a county 
or borough force of any magnitude, is a valuaWe 
one, commanding an income of from £400 to 
£000 a year, and often considerably more. At 
Birmingham, Sheffield, and the West Hiding the 
salary is £8(X), at Manchest(;r £1260, and at 
Liverpool £1200 a year. These posts are rarely 
lill(Kl by direct promotion. Some are held by 
able officers from the Metropolitan Force, many 
others hy retir(*d officers of the Army and Navy, 
and several by ex -inspectors of the Royal Irish 
Constabulary. 

With regard to pensions, the majority of police 
authorities liave adopted the maximum scale 
which, as already explained, pn* vails in the 
Metropolitan Force. A number of them, how- 
ever, instead of sanctioning voluntary retirement 
after 26 or 20 years’ sc'rvicc irresj)ective of age, 
I’cquiro ollieers to remain in the ranks until they 
are 50 or 66 years old, unless invalided earlier. 
It\ Scotland, 34 years’ service is requisite to 
secure the full pension of two-thirds of pay. 

Lists of the pay and pension scab's of the 
many county and borough forces, with much 
other u,seful information, will be found -in the 
unique little ” Guide to the Police Servujes,” 
which is published at <W. by Mr. Kempstcr, 8, 
Red Lion -square, W.C. 

Irish Police Forces. In lieu of a multi- 
plicity of small forces, Ireland has two im- 
portant ones — the Dublin Metropolitan Police in 
the capital, and the Royal Irish Constabulary 
throughout the country. The former, some 
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1300 strong, is based on the model of its London * 
namesake, but with certain difiFcrences. Candi- 
dates must be between 20 and 26 years of age, 
of “ a reasonable degree of education,” and with 
some knowledge of grammar and arithmetic. 
They must bo at least 6 ft. 10 in. in height, 
36 in. round the chest, and 11 stone in weight. 
Itlach must also present testimonials from a 
magistrate or clergyman. The p4y of constables 
rises from 23s. to SOs. a week, that of a sergeant 
from 348. to 388., of an inspector from £120 to 
£160 per annum, and a superintendent from 
£250 to £320. All the upper grades are filled 
by promotion from the ranks. 

Royal Irish Constabulary. This notable 
body is practically a civil army of 10,500 officers 
and men. R.I.C. troops are housed in barracks, 
and trained to the use of arms ; their drill and 
duties are semi-rYiilitary at least, and their officers 
— iiH in the Army-- are drawn from a class quite 
distinct from that of the rank and file. 

Candidates for this service must be between 
19 and 27 years of age, of good health and 
character, and unmarried. The minimum height 
is 5 ft. 9 in., and the chest development must 
be .36 in. at least. Sons of members or of 
[)ensionors of force jirc admitted at 18 years 
if they are well built and stand 6 ft. 8 in. or 
more. Before admission, all candidates are ex- 
amined in reading, writing, and the first four 
simple iiil(^ of arithmel-io. 

In addition to barrack -room accommodation 
and rations on tlie military scale, the pay of 
r<*cruits is £.39 a year. On completion of six 
months’ service this b(‘comes £.54 I2 h., with 
allowances, and afterwards rises by increments 
of £2 12s. every three years (approximately), to 
£70 4 h. After 25 years’ service this is augmented 
to £72 I6s., the maximum pay for constables. 
Sergeants receive from £78 to £83 4s., and hi%id 
constables from £97 I Os. to £104 a year. Pro- 
spects of promotion beyond this grade are very 
scanty. A })ension of two- thirds pay may bo 
claimed after 30 gears’ service. 

Officers. Cadetships in the R.I.C. are 
awa^*ded — usually to the number of eight or 
ten each year— on the result of conq>otitions 
limited to candidates who have been nominated 
by the Lord-Lieutenant of Ireland. A mini- 
mum height of 5 ft. 8 in. is essential, as well as 
good sight and hearing, and a sound constitu- 
tion. Details of the examination are given in 
the schedule on the next page. 

There are also special competitions limited 
to the sons of constabulary officers. 

A successful candidate, while undergoing his 
cadet’s course of instruction, must bo provided 
with a small allowance to suppleqi^nt his pay ; 
and, on being appointed third-cla^ inspector, 
the cost of his outfit, which varies between £40 
and £60, must also be defrayed. 

The salaries of the Royal Irish Constabulary 
officers are as follows : 

District inspectors (3rd class), £125 ;i2nd class), 
£166 to £180; (1st class), £226 to £300. 

County inspectors, £360 to £450. 

Town inspector, £600 ; and a few higher posts. 
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Advancement to the second class is generally 
speedy. In each grade a certain number of 
officers receive good-service pay. 

The duties of the Royal Irish Constabulary 
have included in the past a great deal of dis- 
tressing and distasteful work; but now that 
agrarian outrages on the one hand, and evictions 
on the other, are virtually unknown, the condi- 
tions of the service are greatly improved. It 
is plain that its monetary prospects — whether 
from the view [)oint of the officers or their men 
— are not strikingly brilliant. Nevertheless, the 
outdoor life, and the soldierly charactiT of the 
force, have always s(‘rv(‘d to attract a 
considerable number of applicants for posts in 
each grade of th(' service. 

Having com])Ieted our rovi(‘W of the poliee 
services, we may add a brief reference to the 
work of lirenuMi, which is often perforim*d by 
Ijolico officers as a special duty. 

Fire Brigade Posts. The conditions of 
service probably vary more widely, according 
to the district, in tihis than in any other branch 
of local govern UK'iit work. Under the smaller 
councils, tlic lire brigade is ('itlicr an amateur 


corps or at best a volunteer company receiving 
some such casual remuneration as a shilling for 
every hour of actual duty at fires. In l;irger;ireas 
it may comprise, a small stall of salaried oflicers, 
reinforced by volunteers in time of need. Many 
borough councils regard it as a branch of police 
duty, appointing a s|)ecial section of their force 
to act as firemen. This is the case with the 
Liverpool Constabulary, which includes a smart 
and well-equipped fire conting(‘nt, whoso mem- 
bers receive an extra allowance. On the other 
hand, as in London, Manchester, and many 
other leading towns, the fire brigade is a large 
and distinct force. 

The London Fire Brigade. This 
Brigade, the very type and model of an efficient 
service, is controlled by the County Council for 
the capital, and supported mainly by the rates, 
in part from the contributions of tire insurance 
companies, and to some small extent by a 
Government grant. It is, therefore, in essence 
a municipal body, and as the largest fire force in 
the kingdom, numbering 14S0 of all ranks, it 
offers the wid^t scope to would-be recruits. For 


these reasons, its conditions of entrance and 
service merit our special notice. 

Candidates for entrance into this small civil 
army, either as firemon or coachmen, should 
apply personally at the brigade headquarters, 
in iSouthwark Bridge Road, at 9 o’clock on any 
morning. Recruits are carefully chosen under 
tho following conditions. They must be smart, 
strong, active men, of good character and 
education, between 19 and 31 years of age, at 
least r) feet 5 inches in luught, and 37 inches 
round the c)a\st. Marri(id men are rarely 
accepted for cither branch. As far as possible, 
preh^rence is given to London candidates. For 
firemen, stTviec in the Navy or tlie nnu’cantile 
marine is a very useful qualification. 

Payment of Firemen. Applicants who 
satisfy these conditions, on passing a medical 
examination and a test of strength, ai’c admitted 
as probationers, and undergo a course of instruc- 
tion that lasts about three months, receiving 
25s. fid. a week meantime. 

The pay of lireirum on appointment is fid. 
a week, and ris(‘s to 35s. (.‘oachmen, who form 
but a small pro])ortiori of the stafT, begin at 


29s. fid. and rise to 33s. a w(*(‘k. Uniform is 
in either grade [aovided fre(^ of charg(\ There 
are about lOO superior jjosts in the Brigade, as 
station officers, tlistrict otlicers, and suptn'inten- 
dents, with salarit^s ranging from £130 to £255 
a year, all of which ar*c lilk^d by i)romotion from 
tho ranks. Lastly, that the tinmian may face 
the risks of his calling without undiio anxiety for 
those ^lepcndcnt on him, there is a liberal scheme 
in force of gratuities and ])en8ions for ollicc'rs, 
and allowances to tlicir widows and children. 

In jirovincial brigades, the initial pay of 
officers is about the same as in Lonflon. hut the 
higher posts are not so well r(?ward(‘d. Man- 
chester pays its chief fire officer £500 a yt‘ar, 
and his lieutenant £250, and tho Birmingham 
chief officer’s salary is £400 ; but , except in 
towns of such leading i*iiuk, tho siiperinlendeiil^ 
who, as responsible officer, must have adminis- 
trative capacity as \vell as practical experience — 
seldom roc^'ives more tbaii £150 to £200 at 
the outside, with <piartt‘rs, light, and fuel 
in addition. 

ERNEST A. CARR 
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THE ROYAL IRISH CONSTABULARY CADET EXAMINATIONS 

yAaminiiiir IRxly, 
Time aiul lMa(v of 
J'Jxaininiilioii. 

SUBJECTS OP r.XAMINATION 

Fee and 

Aj'c* Jamils. 

CIVIL Slat VICE Com- 
mission. 

As rofiuiro'i : 
Usually om;c each 
year. 

Dublin. 

j 

English Subje<!TS: Aritlnnoti<’. spelHnjj, HaiuhviHiuK, J^nulisii 
C'<Miii»ositioii and t'i)rn‘S|M»ud<*n(M‘, (r(.'ojrrai)h,v ((‘sprrially 
firitisli Jsics), and IJritiKh Jlistory (iiK.ludiuK Constitu- 
tional). 

Diuost of lUdurns into Summaries. 

Creels. 

lad in or Ercneli. 

I'rinciplos of Law. 

Law of Kvi<len<e. 

Ileadinj^ aloiul (print and MS.). 

Note. Tliere is an oral examination in French. All earididate.s 
must |je nominated l>y Lord-Licnfenant of Ireland, 

X,2. 

21 to 2(J years. 

(10 to 2(» for sons of 
( 'oiLslahuIarv otlicers ; 

21 to 2H for ollieers 
of .\rmy, Navy, or 
J*oliee in ei'rtaiu 

instances.) 





THE BIRTH OF HIGHER FORMS OF LIFE 


O nu'Jpu I ; r CjO mete 
of 'he Male Parent 

I COnlaming fhO (_ hrQma 
[ill r:0ty\'0rk and 
Centroboirie 



. 'i'e- -Ui' :>V' J 
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power that neither had before— the power Of building Up a new Individual, 
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.GROUP 11-LIFE 4 MIND • THE RISE OF LIFE & THE ASCENT OF MAN-CHAPTER 10 

The Fusing of Cells and Its Meaning. Alter- 
nation of Generations. Why Cells Differ. 

THE EVOLUTION OF SEX fiiiJ 

In the last chapter we saw how colls divide, They would thus bo themselves again, so to say, 
whether by fi ggy n, gomjyajj^tion, or and we Khould see no reason why they should bo 

^ Iti the first two cases, which occur only among advantaged by the jirocoss, as they seem to be. 

very humble creatures, each having but one cell But there is good reason to suppose that this is 

for all its body, we also saw tliat the new creatures, not what happens. Instead there is a redistribu^ 
formed from the body of the parent, arc already, Hov of tlie protoplasju of the two paramcecia, and 
at birth, practically adult. These creatures have . wluni the Creature formed by their coalescence 
no appreciable stages of growth or development, itself divides, c‘aeh of the products contains 
and the whole life-cj^cle of such a species is thus portions of protoplasm from each of the original 
compriBod in this one fact of splitting, splitting, pair. We believe that this o ychamre of nart of t}i<» 
splitting, or budding, budding, budding. protoplasm of each pararncecium is tlm 

Cells that Coalesce. But even among point aiuFobJeiit of the process.^ There has been 

these onc-celled creatures wo. have lately found ^ \ital_ fiisiop between two individuals, each of 

that soinetliing else occurs — not among all of them wliich^ in the upshot, is louncl to nave sur- 
by any means, yet, to our surprise, among soim*. I’cndered part of itself in exchange for part of the 
Of the microbes there is no more to say in And they both are hotter for the process— - 

this respect, nor has the strange fact about to “ ff>r^» of words at all, for, in 

be studied ever been recorded of the ameeba. f*^<it, they have ceased to be, while two new and 
But it has been carefully studied in a minute, morejugprous individuals are in their place. 
oiag;;^lled animal, only a little liigher than the The Renewal of Growth by Division, 
amc^x, which is known as the paranugeium, Such,briefly, is the fact of cell-conjugation as it is 
and there are now known to be many other found among protozoa of many different kinds, 
creatures, as simple or nearly so, of which the v\'e see that it is not really the reverse of cell- 
same is true. In the case of tluMiialaria^asite, division. It does not go steadily backward, 
also a one-cellcd microscopic animal, the facts „otil, say, of 1024 paramaH*ia, we have at last 
arc even more comjilieated. only one— as it were the original ancestor to 

The discovery is that these cells not only dMde, them all, now restored. On the contrary, jgoiu 
08 we have seen them doing, but also co njugate or jugation is really a preliminary and aid to get 
^^nalesecL We havo watched one splitting into fnrl1i^"l^-di\Tsion, and irsoe^ 'abt a‘§ an 
two, but now we find two fusing into one . What ofhcieni I’csource m rather desperate circuin- 
does this mean, what does il lorcsnaaow, and stamtes. W'e have almost everything yet to learn 
what purpose does it serve ? about it. We do not know to what extent it 

occurs under natural conditions, for we can 
watch these creatures only under artificial 
conditions. It depends ufjon states of nutrition, 
and can be affected in various ways by modifica- 
tions in the composition of the nutrient fluids in 
which we watch these changes. 

How Nourishment Prevents Failure. 

at all. Then something novel and, as wo might Some recent observers seem conclusively to 
think, abnormal is observcxl. A couple of these have shown that the older view^s were incor- 
tiny cells arc observed to come aloiigsido quo rect in one important respect. The first 

another, and gr adually to coalesco— just th^ students said that the time invariably came 

oBpBBlWdrtne normal process uy wliicii the race xvhen the colony showed signs of failing ; 
of paramcecia is maintained. In time, the new' division slowed down, movements boeamo 
individual, thus strangely formed from two, feebler, and, indeed, the death and extinction 
proceeds to divide in the ordinary way ; and the of the race was at hand. Then, perhaps, conjuga- 
general belief among students is that the process tion would keep it going. But lately, thanks to 
of conjugation has rejuvenated the race. Aftia* advances in the chemical side of the (piostion, 

conjugflronHie old vigour seems to return, and students havo been able fo keep such colonies 

division merrily proceeds where formerly it alive almost indefinitely, the reason clearly being 
had become slow, or had altogether ceased. that the observer has been able to supply 

Let us look more closely still — though the micro- m^urishmente which is ea«y, and to renipxs 
scope fails us too soon. If two paramoicia fuse poisons^ which is diffieptt, so thoroughly that the 
into one^ and that one then divides into two, the life of the colony showed no signs of failing, 
process might really mean one of two things. This is very important, for it suggests that there 
The same stuff which formed the original pair is not, as was supposed, any inherent reason for 
might again be distributed to the final pair, the failure of these colonies. They began to die 

BIOLOGVri^OLOGY, SOCIOLOGY, POLITICAL ECONOMY. EUGENICS, THOUGHT 
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The Rejuvenation of Cells. The facts, as 
generally stated, are briefly as follow. We wateli 
a paramojcium dividing, and its offspring doing 
likewise, until, after many ^em^rations. thei r 
powers seem to wane . They are less vigorous 
iKan their forebears, and thi\y divide mor e 
slowly, until at last they even cease to divide 
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not because it was the law of their lives that this 
should be so, but because they were being pois- 
oned under the conditions of the experiment. 

The Benefit of Cross-breeding. An- 
other notable observation is to the effect. that, if 
some Daj y.inmcia of anot bfr wtraifi. from another 
colony, l" introclircod, the result is highly favour- 
able. I’his siiggc^sts a parallel with the results 
of cross-breeding among much higher forms of 
life as compared with coni iiiuous in-breeding , or 
ma jii n g. ^ anionig ,c1dsc relativ es. ^'Already the 
st udent will begin to lind his suspicions strength- 
ened that in cell-eonjugcition there is fore- 
sfuidovved something much more familiar, of 
which no word has yet been siiid in our study of 
lilV\ 111 faet, suspecting sonu'thiug more than 
riuu’cly a curious resemblance between conjuga- 
tion and tlio phenomena of sex. Professor 
Raymond Pearly a distinguished American stu- 
dimt, rtHjenfTyThado interest ing measurements. 

He came to the conclusion t hat, while individual 
j)arama‘cia vary in length, just as we do in 
stature, those which conjugate tend to bo of the 
same length as each other - long(‘r mate with 
longer, and sliorter witii short(“r. But this is 
exactly parallel to what Professor Karl Pearson 
concludctl, sovei'al years ago, when studying. the 
laws of human mating. He found that tall people 
tend to intermarry, bhuecyed p(‘ople to 
intermarry, and so on. This faet, of the teridmury 
to niarriago among tlu^ similar, ho called hmo - 
and now it looks as if w(^ might- apply 
a similar term to the facts of cell-conjugation 
among tho iiarariRCeia. But is not that almost 
as much as to say that the parannecia display 
tho fact called sox ? And do they ? 

Asexual Reproduction in Protozoa. 

Hitherto, we have not nood(‘d to note that tlu^re 
were, for instance, two kinds of cocjcus, bacillus, 
or amcoba, respectively male and female. Kor 
are th(‘re two kinds of paramo^oiuni. t^eX| as wo 
understand ^ it. does not Htmuig fhoso 

simn^st vlfeilile planr-s and atiiinals_; it has 
yet not been evolved. \v lieu tlie y rcpirlducc*,, the 
individual divides, without tho aid of any other. 
Thi \so are forms of life, and tho inodes 

of reproduction which they exhibit, and which 
wo studied in the last chapter, are rightly 
di'seribcd as a.'^cjcual reproduction. When two 
paranueeia, in their strange way, conjugate, 
prior to further rej)r()duction, wo eaiinot detect 
any difference between the two members of the 
conjugating pair. No one could call one of them 
male anel the other fimiale. Among higher types 
of life tho two sexes exist, and individuals of 
either can bo readily distinguished. 
twists^ ill fact, in two sexual fo r pis . and this 
feature ot ihe specTes, wnicn apjTli^ to nearly 
all the forms of life, is known as sexual dimor - 
phimn (Greek, morphe^ fgrm). 

' Resemblances in Higher Life Forms* 

But as the paramiBcium docs not show sexual 
dimorphism, and as Its normaT mode of r(uir<^ 
duction 18 asexual, we cannot assert sex of this 
creature. Yet, when we study tho facts of sexual 
reproduction, liighcr up in the scale of animals 
or plants, we shall find that what happens is 
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fundamentally the same as in cell-conjugation 
among the prot-ozoa. Two cells — which in these 
cases are different in form, and come from 
bodies different in form — conjugate and become 
one. Then this one divides, and into its 

is’ more than a mere chance 
fescmBIanco, surely, to what we observed among 
the paramoecia. 

Stages in tbe Evolution of Sex. Tho 

truth doubtless is iliat, among those humble 
ono-cclled protozoa, we are observing tho 
earliest stages in tho eimJution of sex. True, there 
is as yet no sexual dimorphism, but then wo 
must remember that these creatures are in- 
dividual and sex-cell in one. In a sense, they have 
no bodies, and it is tho bodies of tho higher 
animals and plants that dilTi^r so markedly in 
tho two sexes. Tho sex-cells usually differ, too, 
but sometimes they do not. Further research 
may show that conjugating paramojcia really 
differ chemically. True, also, this conjugation is 
not essential to thc‘. reproduction of the species. 
It is relatively unusual ; it may bo abnormal, 
and unknown in tin? natural history of the race, 
but the fact remains that paramcecia, in certain 
circumstanci^s, are ca[)ablo of it ; and when 
they do behave in this way, it is as near true 
sexual rejiroduction “as ‘makes no difference.” 
Wo must also k'arn that this curious power of . 
alternative is not unknown among vastly higher 
lofms of life, in many of which, though they 
show sex ual ■dini ornhism. and though thi'ir 
ncfinal nunlooi rejiroductiou is sexual, the 
fomak^S ca n nevort,hf>|t>s^ 

yntliout sexu at eon j n gat.i on- this fact being known 
as nartncnogencsls . It is illustrated among the 
bpes. and inariv other insjyits. 

1 ’horefore, all these oireumstancos being con- 
sidered, wo must concludii that cell- con j u gat inii- 
among the protozoa shows us "t t>n ^ 

premoiiitory stages ot tBe ovn»nt,«nn nf soy — that 
tremendous and lact of all the higher 

fonns of life. And, within tho last decade or a 
little more, a new kind of evid(n\eo has been 
available. It might seem far-f(ffehed to call 
coifj ligation among the protozoa a sort of 
anticipation of sexual roprodnotion, when there 
was no evidence of the existence of true sex 
until a vastly higher stage in the evolutionary 
scale. But now wc have evidence of actual 
quite obviouH. 6 'mong me protozoa themscives T 

Sex Alternation in Generations. Tho 
writer well remembers his incredulity when 
the cassertion was first made that there was a 
sexual stage in tho life-history of the ijuiilachk 
p^i-ranif n. This is a microscopic unicellulsf animal, 
not unlike the ammba, and tho notion that such a 
creature could display sex seemerftibsurd. But 
it does so. It has a complicated life-cycle, with 
two distinct parts. In one phase it is an asexual 
creature, like tho amceba. But from this 
^orm tuy forms mav arise, wh ich are respectively 
ii^e and tejj^lo, and which conjugate as such. 
This sequence was already well known among 
many animals higher up the scale, and is almost 
universal among plants. The teclinical name for 
it is alternation of ^eneratiom* As a rule this 
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alternation of sexual and asexual generations 
proceeds with regularity, but among such 
protozoa as the malaria parasite there is much 
more freedom. Apparently it can do as it pleases. 
According to the circumstances, and ' 

genarations mav succeed one another for Jomr 
periods, as in me case oi ilio ijaramoecium. 
Students of malaria find that quinine affects 
these processes, and that the various stages of 
the disease, the “ cold tit ” and the “ hot fit,” and 
so on, correspond to and depend upon certain 
stages in the generative life-history of the 
parasite. They have also learnt that it is just 
when a certain stage in the life-cycle is in process 
that* a do?c of quinine in the blood will do most 
harm to the parasite and good to its host. 


Sex in the Humblest Forms of Life. 

But for us the point is that, aiiiong one-cellcd 
animals called protozoa, we fina, lirsl, UlllmUf- 
r up ted’ asexual reproductio n, as in amecha^: 
figCflMr asexuai reproduction, with the alternative, 
under some oonaaions.oT a ceii-comugat ing 
can sc&WCr^TWrCalle less than, sliaF wo say 
^xuj^ i, as in the paramoocuim, tnongii sexual 
dmiOri)hism has not yet appeared ; and third, 
also al >d oL >di] ‘ shi 
alternation of generatinnfY K<>icun.l dimor- 
Utnsm in tno sexual generation , where tlio f 
Kincla^ or ceiis cfin be rcaJily distinguished, as in 
the malaria parasite. Thns, even among the onc- 
celled animals, the humblest that eanllia.aQi?n, 
and doubtless the humblest at all that can fairly 
be called animals, we have encountered already 
the existence of sox, which we know to bd so 
<lominaiit and deep a fact in tlu5 lives of the 
highest of living beings. 

Complete Diffusion in Cell Division. 
Let us look now at the minuter details of cell- 
conjugation, for wo can hardly (jxpeet it to bo a 
“^haphazard affair. When we studied cel 1 -d i vision^ 
’’among forms of cell high enough to possess a 
n ucle us, we found that the nucleus is really the 
all-important structure in the jirocess. We saw 
that its most characteristic portion, the chro- 
wont througli a most elaborate aeries of 


matin, v 
changes, 


anges, the object of which seemed to be^ the 
exact apportionment between its tw^o di^iiLditer - 
5T ^very ' iota of its substance. Wt 
fiitbsM, luriner, that this must bo the Tioy to 
the fact of hegpdity. which could not be what 
it is if the nuclear division were any less detailed 
and scrupulous. We saw, also, how the splitting 
of the chromosome^ ensures the maiiin'flliritJO, 1ft 
eacn ciaugiiteT-nuinBUIjl. Ol ilhe number of chromq- 
Bom^ which is characteri^ic of the species. 

The Process of Nuclear Fusion. All 

this will prepare us easily for the faiits which 
arc observed when nuclei unite. In the process 
of cell-union, again, it is the nuclei that are all- 
important. (Ampnpi cells that have no nuclei, 
such AS the ^SCSenaT^cell- union is unknow n. 


. of pu rse, c e ll-divis ion occurs.) 
process mffyTfiriy oe deseiupa ftSrin prin- 
ciple and detail, exactly the re^rse of karvo-^ 
o» mitosis. Each of the conjugating 
nuclei be^iiB by unwi nding its chromatin net - 
work untu it becomes a" tRRJifl/'Sii'nich breaks up 


into the number of chr omso mos characteristic of 
the species. So far os Wiis is coneomed, each 
nucleus might be about to divide, as its habit is. 
But its intent is now different, and there is no 
sign of the splitting of the chromosomes, and the 
subsequent proeessiis seen in mitosis. By this 
time the cytoplasm of the two cells has fused, 
so that the nuclei are in ap])oskion ; the boundary 
hetwc(‘n them bn'aks down, and the chronio- 
somes of the one become atmosed to the cRm nio^- 

^ lya my 

pio same species, the nuniber of chromosomes 
is the same in both nuek*i. So is the number of 
pairs, of course, and wiieti the chromosomes 
have fused, the new nucleus is swn to contain, 
as ever, the number of^ ehroinosomcs cha- 
racteristic of the s^iecies wo are studying. Then 
the chromosomes settle down again into a 
Ihrt'ad, which beconu^ coiled upon itself, and the 
process of nuclear fusion is complete. 

What the Malaria Parasite Teaches. 
If it be one of the humblest forms that w'(‘ are 
studying, then coil-division of the customary 
type is all that will follow. Or the type may 
vary. For instance, in the case of the malaria 
parasite, we sometimes lind t he parent cell 
i jfeaking ii]) into not one hut 
j^ung^sUTs . JNevcrtheless, in all the protozoa, 
notmng ITut one-celled forms of an individual 
ever appear. Immeasurably different is the 
ease of all the higher animals and plants. 

In them, also, at one momentous epoch in the 
life-cycle, a siiigli^ cell— formed by. the body of a 
male individual — unites wath a single e(*ll 
formed by the bo<ly of a female individual. 
Kuciear fusion occurs. Jn fact, this is a [irocess 
closely similar to cell -conjugation as we have 
already studied it. The result, as in that case, is 
a single cell. But how different its subseipient 
behaviour ! This single ei’ll, with its single 
nucleus, proceinls to divide, just as if it were an 
ariKeha, or a paramieciii m after conj ugation. liio 
one nucleus bi'eomes two, and the cytoplasm 
follow's suit. There are two cells instead of one.' 
But th(‘se two cells remain united^ instead of 
separating, and become two complete individuals, 
as they would if they were aniooba' or para- 
mmeia. Yet each of these colls, in its turn, 
divides, as if it w(*re an independent one-celled 
organism — which it is, and yet is not. 

The Development of a Multicellular 
Being. So the process continues, each new 
cell dividing into two, as if it were dealing with 
the sueci'ssjvo generations of a colony ol jiara- 
moccia, all derived from one coll. 

The difference is that, in that case, the new 
cells become detached and indepimdent ; but in 
this case — and we may bo talking about a 
starfish or a mushroom, or a whale or an oak 
or a man — the suecc^ssivc asexual generatioi^ 
^jfcdla^for that is ^what they arc — rt-inti^i 
uhitea to* one another. We are witnessing the 
^veiopment of tne pody of a mu lticell ular 
animal or plant, by an unthinkably numerous 
series of asexual cell-divisions which began in 
the single cell we saw formed by coll- union. 
It is a notable fact that so exact and minutely 
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scrupulous aro these successive divisions as to 
ensure the presence of substance derived from 
both the paternal and the maternal sexual cells in 
every cell of the resulting individual body. 

Single Cells that Form in Clusters. 
But now observe the most important fact of all 
which wo have not yet mentioned. So far, as we 
have explicitly stated, the RMnianltLlioth nueJf/u A — 
as it is called to indicate itj^cstlny — might yield 
only cells all similar to itself and each oth(*r. They 
would be united, we said, and would tlius form 
a “ body,” probably spherical, all composed of 
similar cells. ^J’he only dilTcrenco between such 
an objc^ct and a colony of paramopcia would bo 
that in this cas(i the various individuals were in 
|)liysical contact, while the i)aram(rcia are not ; 
and such a difhuence would bo hardly w'orth 
iiu'ntioning. indeed, even among the bacteria, 
the individuals often remain more or less united, 
and form long chains, as in the case of anthrax 
bac illus, or go about in ])airs, like the diplococcus 
(double coccus) of pneumonia, or in grape- 
like clustiTS, like the therefore so-called sfa- 
j)hylococcu,% or common inflammation. Insutih 
clusters or chains or similar physical associations 
all the individuals are complete, similar, and 
practically independent, and the organism in 
question is still rightly called uniecdlular. 

Many-celled and one-celled Forms 
of L#ife. But consider what will bo likely to 
happen if a single cell divides into, say, 04 
or 128 which form a globe. The cells on 
the outside of this glolK? are now in a con- 
spiculously different relation to the rest of 
Nature from that of the cells within. Indeed, 
the inlyr^a l cells can gcit neither food nor 
oxygon, nor water, excej)t through the outer 
cells, and without these they will die. The outer 
cells , on the other hand, have food and oxygen 
Brit water bathing their external surfaces, 
while they have hungry cells, like themselves, 
in contact with tluir intcmal surfaces. It 
stands to reason that, in such a case, thanks to 
the difference in eireu instances, if to nothing 
else, tile various eidls in such a sphere must 
become differeni, and so they do. This is the 
stujiendous fact upon which all else depends. 
For the dilTcrencc between the many-celled and 
the one-eelled forms of life is not 'merely nu- 
merical. If that wore all, it were negligible. 
'J’hepoini is that the manv-eelled creatures |i.m 
dUfercnt-celled crcuitiircs ; and upon that fa^ 

clr lives and powvrs aopend. 

The Importance of Cell-Surface to 

Cel Is. It was Her bert Spen cer who first disco- 
vered the underlying laws ot tlicse wondeiful pro- 
cesses. First, he taught us why cells divide at 
all. Reuroductioiiy he said, may he look(;d upon 
as “ Qiscontinuous growth. The yeast celT. 
for instaniS fl ?* 'gro ws and growls. But when it 
reaches a certain size k difficulty arises. By 
this time its surface, which is, so to say, its mouth 
and lungs, has become smaller relatively to the 
mass and its contents, ^ho bigger* it grows the 
more inadequate becomes the extent of its 
surface in proportion to its contents— according 
to a simple mathematical law. The cell may 
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therefore stop growing, as some cells do. But if* 
it is to go on growing it must divide. Then the 
same amount of stuff as was in it just before 
division is now provided, in the form of two colls, 
with a proportionately larger surface than tho 
parent coll had, and its nutrition becomes easier. 
This simple discovery of Spencer’s clearly under- 
lies cell-division, and it explains tho fact that, 
Jjj f [ie whole living world, colls of all 

Kpfto p ovor exceed a certaiii very small size. 
"^TheKlse ot uell-Dinerentiation. 
Next, wo have seen that, when the subdividing 
cells remain united, they begin to assume different 
relations to the environment. It is a law of 
necessity, therefore, argued Spencer, that they 
must become different ; different causes acting 
on tho same material must jiroduce different 
rc^sults. lienee tho fact that cell division and 
multiplication, in forming the body of any 
many-cellcd animal or jilant, involves cell- 
diffcrenUntion. Of course, we must beware of 
attributing too much to this explanation. It 
shows why the cells upon tho outside of the de- 
veloping globe of living cells must become differ- 
ent from those at its core ; but in tho develoj)- 
meiit of living b(‘ings as wo now know’ them, 
nothing is more certain than that the differences 
betw’iicn the various sorts of cells are predestined. 

Some, indeed, are so composed, and have the 
necessary fermonls and powers so distributed to 
them, that they must become brain cells, others 
liver cells, others skin colls, and so forth. Only 
Spencer's observations may help us to guess, too 
vaguely, bow these dilfenuices may have arisen 
when the inany-celkd creatures began to be 
evolved. His recent experiment has shown 
us the inevitable pred<ystinod necessity by which, 
when the segmentation nucleus divides, the 
daughtcr-eclls will become some of one kind and 
some of another ; for when we artificially 
disturb the e(‘ll relations of an embryonic form of 
life wx* find that, to a large extent, the cells which 
would have assumed a certain type in their 
normal position do so, or try to do so, even when 
they have been displaced. 4’bey do also try to 
adapt themselves to the unforeseen circumstances, 
but, their very difficulty in doing so shows how 
different they were meant to be. 

The Mystery of Diversity. The fact is 
clear that the bodies of the many-celled animals 
and plants are formed by the successive cell- 
divisions of one cell and its offspring, and that 
in their course the cells assume different typos 
for different functions. We find, in the cell 
society wo call a higher plant or animal, tho 
division of labour which is found in all human 
societies too. And if wo begin to think that wo 
are now getting ” to know’ all about it,” we may 
ask ourselves how the special pow^s and forms 
of all the myriad types of cells in our bodies aro 
predetermined and contained in tho single cell, 
less than one-hundreth of an inch across, which 
was the common ancestor af them all. Indeed, 
so far are wo from “ knowdng all about it ” that 
we have merely peeped into the arcana whore 
Nature still conceals all tho mysteries of sox, 
and heredity, and development. 

C. W. SALEEBY 
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How to Write and Answer a Business Letter. 

The Correspondence Department. Filing. Telegrams. 

BUSINESS CORRESPONDENCE 


W hen we remember that for the year ending 
March 31, 1912, there were delivered in 
England no fewer than 3,186,800,000 k^tterw, 
906,500,000 postcards, and 124,254,092 postal 
parcels, and that by far the greater prot)ortion of 
these were commercial communications, we can 
quite understand that correspond(‘nce plays a very 
important part in the regular routine of business. 

Importance of Correspondence. By 

means of letters an cvcr-increasing amount of 
commerce is carried on between ])crsonH who 
have never seen one another ; and the trader in 
London can, through the post, get into closer 
touch with people in the live continents and at 
the uttermost parts of the earth. Personal 
interview's arc good, but there are times when 
a letter is a better and safer means of com- 
munication than a conversation, for the words 
of a letter can be considered and reconsidered, 
whereas the word of mouth, once s])oken, is 
spoken for ever. Not only so, but letU‘rs are 
absolutely necessary as confirmations of verbal 
agreements, and a contract concerning goods 
to the value of ten {>ounds or upwards must be 
made in w'riting, or it cannot be legally enforced. 

An Accomplishment Worth Cultivat* 
ing. ShakcsiKuire’s statement that “ any man 
that can write may answer a k'tter ” was possibly 
true in bis time, but it is far from the fact today 
—in the business world, at any rate. To bo able 
to write a thoroughly enicient business letter is 
an accomplishment that- any cominercial man 
may well covet. It is so easy to write what W’c 
never intended to write, and in the world of 
commerce such mistakes are serious. 

Full oft have letters caused the writers 
To curse the day they were inditers. 

Every man should, of course, aim to put his 
individuality into business letters as he should 
into his private correspondence ; hut, at the 
same time, there arc certain well-defined usages 
and customs w^hich must bo followed out, and 
in these pages it is intended to set forth general 
principles that should be known by every man 
working in the correspondence department of 
an up-to-date business, and to give a general 
description of the methods of handling and 
filing the correspondence received and sent out. 

The business value of a really well-composed 
letter is tremendous, and more and more atten- 
tion is being paid to the correspondence depart- 
ment in all modern businesses, large and small. 
In many .big concerns, at least 60 per cent, of 
the turnover is business obtained by letter, and 
not by direct personal solicitation, and it is 
safe to say that the man who can write a really 


good letter will sooner or later have an oppor- 
tunity of rising to a position of responsibility. 

The Characteristics of a Good 
Business Letter. Every business letter 
should have a number of well-defined character- 
istics. In th(‘ first place, it should bo perfec^tlj^ 
grammatical in construction, clear in meaning, 
accurate in its facts, and persuasive in its appeal, 
whether the appeal he for order or remittance, 
whether it he an apology for delay, or whether 
it deal with any other matter. Then the form 
of the k‘tt<‘r and its general appearance should 
he attractive. Misprints or wTong alignment in 
ty])ing, slips in punctuation, blots and smudges 
and lingcr-prints, all militate against good 
business, and }>redispose the recipient of a 
letter agains tth(^ firm from whom it emanates. 

L(‘t us consider in some detail the form and 
appearance of the letter. All business cor;’c- 
spondence should now* be typewritten. The 
general working and management of the various 
kinds of typewriters is described in another part 
of this hook, and it is only necc^ssary to say hero 
that all the letters sent out by one firm should he 
uniform in stylo as to spacing, margin, and so on. 
The general custom followed by the largest 
firms is to have singki spacing between the lines 
and double spacing between paragraphs. Margins 
of at least an inch should he k^ft on either 
side, and the name and addre^ss of the firm or 
person to wliom the letter is going must bo 
type<l at ih(‘ head. 

Margins. All the lines of the letter, includ- 
ing the name, address, “ Hear Sir,”, etc., w itli tho 
sole exception of new jiaragraph lines, should start 
at exactly the same distance from the left-hand 
edge of the pai>er, so that when the letter is 
complete the margin is tho same width all tho 
w'ay down. The typing of the letter should not 
hE'gin immediately uiuk^r the printed note- 
heading, and if the letter is to be continued on a 
second sheet care should be taken that a few 
lines of tho text, at least, are can’iod ONc^r. 
The appearance of a typed letter depends a 
good deal upon the colour of the ribbon usi^d, 
and tho purple ribbon, because it lasts longest, 
is favoured by most firms. Those businesses, 
however, which wish to give an air of distinction 
to their letters and raise them above tlie ordinary 
level use blue or black 'or green ribbons, and 
certainly such colours give a characteristic note 
to the letter. Such points are not to he ignored 
by any firm that efesires to adopt oveiy possible 
means of distinguishing itself by efficiency and 
originality in an age (ff severe competitiori. 

As to general form, the business letter is very 
much like any other letter. There will be a 
salutation, •“ Dear Sir,” to a single individual. 
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and “ Dear Sirs ” or “ Gentlemen ” to partners 
or a limited company. There are various ways of 
beginning a letter, and hero arc some examples : 

Wo are in receipt of your letter of the 14th inst., 
and in reply heg to f<ay, etc. 

Wo have your letter of the 10th inst., and regret 
that wc cannot, etc. 

Your letter of the 31. st ulto. came to hand this 
morninir, and we hasten to inform you that, etc. 

W^* received your letter of the 1 7th in.st. today, and 
heg to thank you for, etc. 

We hc'g to acknowledge the receipt of your letter 
of the l.st ijist. 

In reply to your letter of the 21st in.st., wo may 
say, etc. 

Similarly, there are various forms of ending, 
some of which are givc'ii hero : 

Trusting that you wall give the matt(‘r your candnl 
attention, W'e are., Yours faithfully. 

Thanking you in anticipation for the favour of a 
reply, W(' are, etc. 

Trusting that W'c may have the pleasure of receiv- 
ing your onler in the near future, etc. 

Hoping to hear from you in due course, etc. 

Awaiting the favour of your further reply, etc. 

Regretting that we are unahlt^ to fall in with 
your wish, ete. 

Trusting that this .scheme will work to our 
mutual advantage, ete. 

Beginnings and Endings. l'Iie.sc are, of 
course, only a few' s])eciTnens. The i)arti(!ular form 
used will depend largely upon the subject matter 
of the letter. Wc must ])o quite sure that the 
ending of the letter is grammatically comj)lete, 
that the sentences ns<Hl contain their proper 
verbs. For instance, wo often come aero.ss a 
•business letter (‘ruling in this w'ay ; “Trusting 
that wo may hear from you in the eonr.se of the 
next few days. Y^ours faithfully.” Of course, 
after “ few days ” sliould come the words “ W’^c 
are,” and then “ Yours fait hfidly.” At the 
beginning of business letters, too, it is very 
common to lind a phrase sncdi as ” With reference 
to yours of the lOth irtst,” and then a full-stop. 
Th(‘re should be a comma, and the letter should 
continue, “ we lind that,” or “ W(; ivgrct that,” 
and so on. 

How to Address Different Corre- 
spondents. A w ord may be said here about the 
form of address — 1 bat is, the method of ad<ire.ssing 
various kinds of eoiTes])ondents. To a limited 
company wdtii a g(*n(‘i’al name we w rite, “ The 
8eeretarv,” or “ The Manager,” or “ 'Fhc 
Cashier,” The British Aeroplane Com])any, Ltd., 
and start th(^ letter “Dear 8ir.” Or wo may 
address the letter to “ Tlie British Aeroplane 
Com})any, Ltd,” and begin “ (u‘ntlem(*n,” or 
” Dear 8irs.” To a firm or a company bearing 
the surnames of partners wc write, “Messrs. Jones 
& Brown,” or “ Messrs. Robinson & Co., Ltd.,” 
and begin “ Gentlemen,” or ‘‘ Dear Sirs.” To a 
firm composed of ladies wg write, “ Mesdames 
Smith & Brown,” and begin, “ Ladies.” A 
business hoii.se consisting of a single individual 
is addressed as Mr. William Lvans, or William 
Evans, Esq., and the letter begins, ^ Dear Sir.” 
French firms are addressed as M. or Monsieur 
Ro-and'SO for single names, and MM., or 
Messieurs, for firms of more than one name. To 
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German firms w^e write Herrn for an individual, 
and Herren for more than one. To Italian firms, 
Signor and Signori ; and to Spanish firms, Sr. or 
Senor, and Sres. or Senores. 

Clearness, Conciseness, Correctness. 

In the body of the letter several things must 
be aimed at. "J’hey are, first and foremost, 
clearness; secondly, conciseness, d(^spito Dr. 
Johuvson’s statement that “a short letter is an 
insult ” ; and, thirdly, corrcctne.ss. The number 
of business men who can write a really clear 
I(‘ttcr is astonishingly small. An aspirant for 
j>laeo and })ower should ])ra(!ti.se the art (5f 
(expressing him.self with ab.solut(e clearness. In 
this eoiineetion sevcu’al things should be borne in 
mind. To write clearly w(i must think (;Ioarly, 
and therefore, before a(tem})ting to dictate or 
wiite a letter, the corrc.spondent should himself 
know just wdiat it is ho wants to convoy to the 
man to w hom he is writing. It is a good idea w hen 
writing a letter to think how w'c' would put the 
matter if wo were speaking to the correspondent. 
Wo can most of us make our meaning clear 
W'hen speaking, and with a little praetico it 
should not be difiieull to do so in writing. 

VVe must, of course, in the l(‘ttcr, set forth 
the vari(Uis facts wuth w'hieh w^o wish to deal in 
tlu'ir ])rop(‘r sc(pi(mce. A common failing in 
business corrospondeneo is that, after d(‘aling 
with a (‘crtain matter and tlum going on to 
another, the first matter is again referred to. 
Such a method of wTiting always militates 
against elcarness, and is to be carefully avoided. 

Importance of Brevity. But something 
more t ba n (clearness is needed. We must be brief, 
or our hitters, how ever good, will never bo read. 
Busin('.ss jnen have not the t ime to wade through 
long l(‘tt(‘r.s, and so wo must aim at conciseness. 
This is quit(3 as difficult and (piito as valuable 
an accom})lishmcnt as being able to exi)rehs 
om^self clearly. Without giving a choppy and 
disjointed appearance to a lettc'r, the sentences 
should certainly be short and crisp. 

Then the sjK‘lling, grammar, and diction of 
the letter should ho correct. Large numbers 
of bigbly educated men are now going into 
businc.ss, and the UTigramrnatical and illiterate 
letter is not lik(^ly to ]>re£)osse.ss those men in 
favour of the writer or his business. Grammar 
.and composition are, of course, dealt w'ith in 
another part- of this book, but a few useful hints 
may bo given here. 

Grammatical Pitfalls to be Avoided. 

Write accede to, not accede with ; aecorn* 
paniod bi/, not with ; acquiesce in, not with ; 
adapted to a condition ; aclapted for a purpose ; 
agree to a thing ; agree mth a person ; annoyed 
at a thing ; annoyed with a person verso ^/rom, 
not to ; call upon a person ; call at a place ; 
compare one thing to another by way of illus- 
tration ; compare a person or thing mth another 
in regard to quality ; different from, not to ; 
divide beliveen two ; divide aimytig more than 
two ; an exception from a rule ; take exception 
to a statement ; exchange ivith a person ; ex- 
chang(^ one thing /or another ; part with a thing ; 
part jVowi a person. 
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Never split an infinitive thus : to nearly 
achieve, write “nearly to achieve.’* Never write 
and before which, unless which has been previ- 
ously used in the sentence, thus : “ This is the 
case which we received from abroad and which 
wc sent on to you.” Be careful in the use of 
pronouns, particularly he, she, it, and they. 
Here is a sentence the meaning of which is 
anything but dear : “ The manufacturer wrote 
to the agent saying that if he did not receive 
the goods soon he would find himself in an 
awkward fix.” To whom docs the he, refer ? 
Be careful also that adverbs are put in their 
right positions in sentences. “ Wc only want 
one gross of these cases” is incorrect. Write, 
“ Wo want only one gross,” and so on. Say, 

Wc are always glad to see samples,” not 
” We are glad to see samples always.” 

Avoid Tautology. Never use unneces- 
sary words which duplicate the meaning. In 
the following sentences the words in italics are 
unnecessary : 

Divide up into its component parts. 

Settle upon what is to be done. 

We have decided to restore it again. 

Wo have the entire monopoly for all Europe. 

Wc decline lo accept your offer. 

We hf>po you will continue to remain. 

Avoid also hackneyed phrases, such as: “Yours 
of even date ” ; and vulgar abbreviations like 
“ gents ” for “ gentlemen,” “ Yours, etc.” for 
“ Youi-s faithfully,” and so on. 

Punctuation; This should bo carefully 
attended to, for it is of more importarioo in busi- 
ness letters than it is in ordinary corr<\spond- 
enco. A stop may often alter the whole, sense of 
a declaration, and load to serious disputes about 
larg(' sums of money, and in on(^ instance the 
misplacement of a comma caused a loss of two 
million dollars to the Government of the United 
States. In a Tariff Bill about a quart.er of a 
century ago there was a sentence setting forth 
the articles that were to bo admitted free of 
duty. Among the articles thus specified were 
“ail foreign fruit- plants,” meaning, of coprse, 
I)laiits for propagation or experimental purposes. 
Tho clerk, in copying the Bill, accidentally 
changed the hyphen in the compound word 
fruit-plants to a comma, making the phrase 
read, “ all foreign fruit, plants,” etc. Tho re- 
sult was that for twelve months, until Congress 
could set the mistake right, all oranges, lemons, 
bananas, grapes, and other foreign fruits were 
admittecl free of cliarge. 

It is therefore essentjal tha,t the business man 
should be particular about his punctuation. 
On the other hand, no letter should be so care- 
lessly and ambiguously constructed os to depend 
entirely upon punctuation to make its meaning 
clear. Tho proper use of the various stops — 
fnll-i)oirit, comma, semicolon, colon, dash, 
oxclaniation mark, apostrophe, interrogation 
mark, quotation marks, and parenthesis — is 
fully explained in the course in English, 
and needs no repetition here. Emphasis is 
usually given by means of underlining the words, 
but in many up-to-date offices it is conveyed 


by typing the emphatic words in ink of a dif- 
fcit'nt colour from the rest of the letter. This 
method is very effective. 

Accuracy. Seeing how important is accu- 
racy, all prices, dates, terms, and so on should 
be carefuly checked after being typed. Tho 
language of a letter should, of course, he polite, 
the tcndc'ney in the commercial world being 
foward a greater courtesy. At the same time, 
the old fashioned fulsome expressions such as 
“ Your esteemed order,” “ Your v alued remark.” 
“ Your good staves,” “ Your obedient servant ” 
have almost dropped out of use. A business 
I(‘tter should never be written in haste or temper. 
Jf anything has hap\H‘nod to rouse our ire, it 
is ess(*ntial that the writing or dictating of a 
hotter dealing with the matter should be left till 
cooler moments. Piivate affairs, too, should 
never be introfluced into a business letter. If 
the eorrt'spondents ani personal friends, and 
wish to say something private to one another 
through th(^ post, they should write separate 
letters, and not put a [)ersonal paragraph or 
postscript into a purely business letter. 

How to Write Dates. A date in the 
current mouth is referred to as instant, and 
is written thus : the 21st instant, or the 
21st inst. The coming month is referred to 
as proximo, or prox., and the ]>ast month jis 
ultimo, or tiUo. Any month farther bock or 
forward should be referred to by name. Th(?r(j 
are variotis technical terms and phrases common 
to all businesses, V)esides those pecailiar to par- 
ticular trades, and tho corrc'spondent should see 
to it that he is familiar w'ith the proper use and 
meaning of all thcs(5. It is important, however, 
to be quite sure that tho recii)ient of a l(‘tter 
will und(‘rstand the tc^chnical terms usetl, other- 
wise. they should be cloarty explained in popular 
and familiar language. 

Correspondence should never bo left over 
without attention. A reply should bo sent at 
once, if it is meivly an acknowledgment pre- 
paratory to a fuller reply. As far as possible 
all correspoiideuee should be dealt with early in 
the morning, so that the clerk has plenty of 
time to ty}M^ letters for the nuinager or head 
of a department to r(‘ad through before signing. 
Ijjite work is not good for the clerks, and habitual 
late-postage fet*s mount up to a very large sum 
by the end of the year. 

Be Careful to Answer all the Points 
of a Letter. In answering a business letter 
we should bo careful to see that all the points 
raised by ourcorrespondent have been dealt with, 
and that our letter really is an answ'cr to his. It is 
astonishing how many business letters beat about 
the bush, and do not give tho information that 
was asked. Postscripts should be avoided a.s far 
as possible in business^ letters. 

Every letter sent out should bo self-contained, 
that is, it should be so w^orded that, without 
any reference to the letter to which it is a reply, 
the matter under discussion can bo seori at once. 
Here are two examples, the first of which is the 
wrong kind of letter to write, and tho second 
is a correct form. ” Dear sir, we have your 
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iotter of the 30th ulto., and regret to say that 
it is impossible for us to do as you wish in the 
matter about which you write. — Yours faith- 
fully.” etc. “ Dear Sir, — We thank you for your 
letter of the 3rd iiist., and regret that w^e cannot 
send you one of our No. A1 bicycles upon 
ap])roval, as wo have been compelled by past 
experience to make it a rule never to do business 
in this way. — Yours faithfully,” and the signa- 
tur(‘. A great deal of labour in referring back 
is saved by being thus ex])licit in all letters. 

'Flu; suc(;^ssful business correspondent is the 
yuan who can ])ut himself in the place of the 
other man, and settle that man’s doubts, meet 
his obj(H*tions, and convey to him the informa- 
tion h(5 is S(‘eking in the w^ay hi? can best under- 
stand it. If we arc trying to make the other 
man buy our goods, wo must, after writing a 
k^tter, iisk ourselv(‘S : “ Now, were I the person 
receiving this letter, should 1 be convinced by 
the arguments and siaid an ordiT ! ” Unless 
w^o t;an answer in tlu? airirmativi? our letter is 
lacking, and should be overliaulcd. ^’o S(‘o 
things from the other man’s view-point, and thmi 
to make him see things from ours, is the keynote 
of success. Xt is the ideal wo must strive after. 

Importance of Languages to a Corre- 
spondence Clerk. Of course, letters to 
a foreign firm should be W'ritten in the language 
of the eouutry to wdiieli they are going, 
and therein lies the irnjjortaneo of a eorre- 
spondenoo clerk making himself profieient 
in other languages than liis own. Then, 
in writing to ])eople of our own language across 
the Atlantic and (pioting for our manufactures, 
it is important to give the figures not in English 
money, but in dollars and cents. This jmint 
was very strongly emphasised at a recent con- 
ference of business men held at the London 
(-hamber of CVunnuTce to dismiss trade hetw’een 
England and Canada. 

Brief notes which arc mere formal acknow- 
ledgments of letters or goods received arc some- 
times sent out- on memorandum forms. Theso 
notes do not begin with the salutation “ Jk‘ar 
fSir,” and arc not signed ; hut such methods of 
conducting correspondence belong really to an 
old order of things, and it is more and more 
getting the eu.stom to give all letters, however 
formal and brief, a proper beginning and ending. 

Correspondence Inward and Out< 
ward. ^50 far w^e have been dealing en- 
tirely with correspoiidonee sent out from the 
oflfioo, and known teclinically as outward 
corre,s‘po)ideuce. As a matter of fact, before 
there can he any letters sent out, the inward 
coiTCspondence must bo received, and it is 
necessary to explain how this is handled iii 
up-to-clato business houses. Letters are usually 
opened by someone in a position of authority and 
responsibility, such as tb« chief accountant, the 
secretary or assistant secretary, or the private 
clerk of the managing director. A junior clerk 
sits by him and slits the envelopes open. If the 
post is very heavy, then probably two res^ionsiblo 
persons undertake the opening and sorting of it. 

As the letters are opened they are placed in 
various piles or. baskets, according to the 
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departments for which they are intended. Thus, 
all cheques and postal orders are put in one pile 
for the cashier’s department ; all letters referring 
to publicity, showcards, distributing schemes, 
and so on are put in a pile for the advertising 
department ; quotations in another pile for the 
buying department, and so on. 

The letters are usually stamped with a rubber 
date-stamp, so that there may be no question as 
to when they were received ; and whore the 
various posts through the day are heavy, the 
daic-stam]) may record also the time of receipt. 
Some firms liavo their date-stamp rather more 
elaborate, a lino with the words “ Attended to 

by ” being added, so that when the 

letter is answered or the order executed the 
person dealing w it h it can sign his name or initials. 
Kes[>onsibility is thus propi;rly fixed. 

Til many ofliei's a eorres[>ondence book is kept, 
and in it thi? names of thi? writers of all lotti?rs 
received each day are recorded, with possibly a 
brief summary of the eontimts of each. It is 
usual also to write across the corner of all letters 
in wLieh money is enclosed the amount received 
and the form in w hich it came to hand, thus : 
“Cheque £1.3 2s. 5d.,” “ P.O. Tis. Od.,” “ P.O.O. 
21s.” Sometimes the hook in which inward 
eorrespondenee is recorded is made the post 
hook, and the date of the reply and the postage 
are added to eacli name. 

Each Business Must Organise its 
Own Details. No hard and fast rule can bo 
laid down, for businesses differ so mucli that there 
can bo no uniform b(?st w'ay for all. J^aeh jiartieu- 
lar hous(‘ must organise its own Hyst(?m, based, of 
(?ours(*, on general })ririeiples wdiich hold good 
for all trades. The great essential is that there 
shall be a complete record of all correspond- 
eiiee received anil sent out, so that in case of 
queries arising the wliolc story of a transaction 
can be followed and the responsibility fixed upon 
individuals for each step of a transaction. 

When the whole of the post has been sorted, 
the letters are placed in table-baskets or manila 
folders and sent to the various do|.)art merits 
which have to deal with tlieni. The order 
depitrtment, of course, books all orders and copies 
them out on ])ro})er forms, which are sent to 
the despatch department. Each department 
answers its own letters, and with regard to tho 
signature the custom varies. 

Methods of Signing. In some businesses 
all letters are stamped with the name of the firm, 
and the actual writer of tho letter simply signs 
his initials, fcluch firms usually have printed 
at the head of their note-paper some such words 
as : “ All letters to be addressed to the firm and 
not to individuals,” and tho signature is placed 
after “ Yours faithfully ” by mc^s of a fac- 
simile rubber stamp used with a black ink pad. 
It will bo found a convenience where such stamps 
are used to stick a drawing-pin into the handle 
on one side, or in some other way to indicate 
which is tho top of the stamp, otherwise there is 
danger that the letters may be stamped with tho 
signature upside down. If tho letter so treated 
is a long one, tho work of retyping is considerable. 
In other businesses it is the practice for tho 
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heads of the departments to sign their letk^rs 
themselves, thus; “For Brown, Robinson & Co., 
Ltd., John Smith, Sales Manager.'* Where a 
clerk or other minor employee is signing for the 
firm, tho signature should re£^l “ Brown, Robin- 
son & Co., Ltd., per John Evans," or “ For 
Brown, Robinson & Co., Ltd., John Evans," or 
“ Pro Brown, Robinson & Co., Ltd., John 
Evans." Very often we see letters signed like 
this: “Per pro. (or p.p.) Brown, Robinson & 
Co., Ltd., John Evans," but in most eases such 
use of the words Per pro. or the initials is in- 
correct. They stand for tho Latin w'ords per 
procurationemf which means “ by procuration," 
and indicate that the person signing has been 
specially and officially and formally dt‘puted to 
do so. Unless ho has been thus deiinitely autho- 
rised he should sign simply pro or for the firm, 
as mentioned above. 

Copying. The letters having been written, it 
was the custom years ago, and still is in a few 
old-fashioned firms, to copy them in a letter book, 
the pages of which arc of tissue. Tluise ani 
wetted, blotted, and then squeezed in a press 
with a letter in contact with a page of wet tissue, 
on which the eopying ink loaves an impression. 
This clumsy and unsatisfactory method is rarely 
used nowadays, letters being duplicated at the 
time of typing by means of carbon sh(‘ets. Of 
course, any alterations made by tho dictator in 
the typed letters must be transferred also to the 
copies; and because of the need of this, in soiiu^ 
offices carbon copies are not taken. Instead, tho 
letters are copitid by one of the patent rotary 
copiers, several of which are on the market. 

Enclosures. When there is to be an en- 
closure with a letter, tho note Enel, is usually 
typed in the top l(‘ft-harid corner, hut a iK'tter 
system is to stick on th(i letter a small nal disc 
with the word Enclosure. I'his is so conspicuous 
that tluTo is no fear of the onelosuro being 
overlooked. 

Envelopes will have to be addressed, and 
although this may seem to bo a simple matter, 
it is a fact that large numbers of clerks have, not 
the most elementary knowledge of how to go to 
work. A good letter may be spoilt by a bad 
envelope. Tho whole insori[)tion should bo 
nicely centred on the envelope, each line begin- 
ning a little to the right of tho one above. 

The envelope being addressed, the letter and 
enclosures, if any, next have to he folded and 
placed inside, and hero again a simple operation 
can bo done neatly and well or caivlessly. 

Stamping. Next the letters arc stamped, and 
in modern offices this is done by means of a stamp- 
affixing machine, which does many hundreds in 
a few minutes. Every business should have a 
properly kept stamp book, in which the quantity 
of stamps received from the cashier is entered 
each day on one side, and tho name of each 
addressee on the other, with the amount of his 
postage. Then at the end of each day tho stamp 
aocount can be balanced up. The entry of every 
letter in the book not only makes it difficult to 
misappropriate the stamps, but the stamp book 
acts as a useful check on the letters sent out. 
For instanoe, if after a week a correspondent says 
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ho has not received an answer to his letter, the 
copy can bo looked up as a proof that the 
answer was written, and the stamp book can be 
examined under tho date of the letter for the 
name of the correspondent. If tho name 
ap])ears, there it is a proof that the letter was 
stamped and went off with tho otluu’ correspond- 
ence on that day. 

The Perforation of Postage Stamps. 

Many firms have their stamps perforated with 
their initials, in order to iiuike misappropriation 
moro difficult. Tho perforation can easily bo 
done in tho office itself by moans of a punch sold 
for the purpose, or the stamps may bo bought 
perforated with any initials from firms that 
supply thi*m tluis prepared. 

VVhen letters are sofit from any department to 
the postal d(q)artment of an offict^ for stamping 
and despatch, it is a wise precaution to mark an 
X in tho top right-hand corner of foreign letters 
that may need more than a penny stamp. Tho 
meaning of such a sign should, of course, bounder- 
stood by those who stamp tho letter’s. 

Parcels containing fragile objects should have 
pasted on tlu^m small labels bearing in rod letters 
tho word “GLASS." 

Every correspondence clerk sliould buy a copy 
of thc^ official Post Office Guide, which can ho 
obtained at any post-office for sixpence, and 
make a careful study of tho various rules and 
regulations concerning tho postage of letters, 
parcels, sam])l(} par^kagos, and so on. Any clerk 
who has this useful information at his fingers’ 
ends will soon make his knowledge felt, and ho 
aptireciatcd in any real live business office. 

Filing. One other matt<T in comiection with 
c!orrespondenc(^ has to ho d(‘alt with, and that is 
a very important one ■- th(5 filing of lettm’s 
received with the copies of those simt out. The 
old-fas!iionc*d method was to stick tho letters 
received in a large guard hook, in order of date, 
and when it was necessary to turn up any letter 
tho book had to he gone through page by pago 
until tho needed letter was found. This method 
has prac’tically died out now. An improvement 
on tliis was to fold th(^ letters into a convoniont 
and mon* oi’ less uniform shape, to endorse on 
tho outside of each tlie name of the writer, with 
the da((% and sometimes a brief summary of the 
contents, and then to put these away in order of 
date in pjg(ionhol(\s, a separate hole being allotted 
to each Kdtcr of the alphabet. 

Tho modern systems have such tremendous 
advantages over these old-fashioned methods 
that it is a w’onder they were not originat(^d and 
adopted earlier. Undoubtedly the best all-round 
system of filing correspondence is that known as 
the vertical system. It can bo easily adaj^te'd to 
any business, and lends itself to an ali)habetical, 
geographical, or any otlfor arrangement required. 
The most common way of using tho vertical 
system, however, is that known as the numerical 
method. Strong manila folders, uniform in size, 
are numbered from one upwards, and in each 
folder all the letters from a single correspondent, 
with copies of all tho replies to him, are placed in 
order of date. Tho folders are put upright, in 
numerical order, in tho deep drawers of a cabinet 

1265 



QROUP 12— BUSINESS 

specially built for the purpose. An alphabetical 
card-index kept in a single drawer or tray 
enables the number of any correspondent’s 
folder to bo found in a moment, and the ad- 
vantage of the system is that by taking out the 
folder wo have immediately at hand the whole 
correspondence to and from tho particular 
firm, arrarigtid in order of date. A now folder is 
allotted to oacli new correspondent, and is given 
the number next above the last in the cabinet. 

Advantages of the Vertical System. 

Another great advantage with the vertical 
syste.in is that, where certain letters will b(‘ more 
<‘asily found under the subject than under the 
name of the writ('r, these can be tiled with tho 
others and found equally quickly. V or instance, 
letters from linns otfering ( ontineiital advertis- 
ing would b(; dihieult to find if tiled under their 
names, as those names are probably unknown, 
and, in any ease, might be diflieult to remember. 
These lett(‘rs are therefore all ])ut together into 
one folder, and indexed in tho card drawer as 
Advertising, ContiiU‘ntal. If neecssary, the 
letters can be index(‘d twi(U', thus, “National 
French Advertising (Company, see Advertising, 
Continental.” Every nc(5d and contingency, in 
fact, is J)ro^'id(‘d for in tho vertical system of 
fding. The value of being able to work s<‘veral 
methods of tiling togc'ther in tin* one <%abinet 
and ind(}X is obvious. 

Another way of using the vertical system is 
known as the alf)hab(‘tieal. This dilfers from the 
numerical already described, in that the. eaid 
index is abolished, and the folders arc ])Iaeed in 
the drawers of the cabinet in alphabetical order, 
with guide cards bearing the letters. 

The Individual System. Another syst(‘m 
of filing in common use is generally known as 
the individual system. In this the letters arc 
Ijlaced in stout mariila covers, fitted with rnetal 
strijis and clamps which pass through holes 
punched in the letters, and hold them tirinly in 
position. Each cover has an extending linen 
back, so that the back increases in width, accord- 
ing to the number of lettins contained inside. 
A cover is allotted to each individual firm, and 
all the letti'is received from that firm, and copies 
of letters sent to them, arc placed in the covtT. 
These covers are then tiled horizontally in cabinets 
built for the purpose. The system is thus some- 
what similar to the vertical, and can be adapted 
in much th(^ sanu* ^^’ay. 

Box Files. Another method is to have a 
series of boxes, each titled with a spring inside to 
keep down the letters that are placed there. 
Each letter of the aljihabet has a box,' the letter 
being marked clearly on the back, and into this 
box are placed all the letters the names of the 
writers of which begin wjth that letter. 

Purse Files. For offices where tho corre- 
spondence is not very large, a useful file is in the 
form of a large purse, with separate pockets for 
each letter of the alphabet. It expands or closes 
like a concertina, and letters are filed alphabetic- 
ally in the various pockets. Such files are useful 
only where the whole of a year’s correspondence 
will go into ohe of the files. They are convenient' 
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also in larger offices as temporary files for letters 
which are under consideration. 

Still another system is to have a scries of 
boards, one for each letter of the alphabet, with 
two metal spikes on which letters arc placed, 
after having holes punched for the purpose. 
(Taini)H then come down, and prevent the letters 
being knocked olf. 

Of course, each of tho systems described has 
many modifications, but all letters in modern 
offices are now tiled on one of these principles. 

The Sending of Telegrams. This 
is a very important part of tho work of a cor- 
respondeneo dejiartmeiit. 'JTie wording of 
telegrams offers fine scope for a man who 
understands tho art of condensation and the 
importance of economy. Quitii a considerable 
sum of money can bo wasted in the course 
of a year by a large firm through exci^ssive 
wording in its telegrams. It is well worth 
the while of a correspondence clerk to practise 
tliii art of eondiMising. Let him take 
any ])aragraph from the ri(‘wspaper, and .sec in 
how few words he can ex[>ross tin*, sense. Of 
course, clearness of meaning must never be 
sacrificed to brevity, and it is always better to 
insert an extra word or two rather than to run 
the risk of a telegram being misunderstood. 

In telegrams, as far as jiossible, figures and 
ninnhers should be written in words ; thus, 
iwcntu is less liable to a mistake in transmission 
than 20: but, of course, large numbers, such as 
25.327, must be sent as figures. 

Telegraph BooKs, Codes, and Ad- 
dresses. Every telegram sent off should 
b(‘ confirmed by letter tlu^ same day, and 
for this purpose triplicate telegram books 
are sold by most olTici^ stationers. These books 
usually <;ontain one hundred telegraph forms, 
miinbered from one upwards, and to each 
form there are two thin duplicate sheets. 
Cairbon sheets jire ])ut between the pages, 
and when the telegram is written the 
other two copies are made at the. same time. 
The telegram on the form is then sent to tho 
post-offiee, the first duplicate goes as confirma- 
tion to the address(*e, and the tliird is left in tho 
book as a file eoi>y for reference. 

Many offices use one of the recognised codes 
for telegrams and cables, and the name of the 
particular code used is generally printed on their 
note-heading, account forms, and tho like. A 
little ]u-aetico soon enables a clerk to use the 
code quickly and elfeetively. 

Tn order to economise the time and money of 
coiTcspondents desiring to telegraph to them, 
most business houses now ha^ telegraphic 
addresses. Any firm can, by paying a guinea a 
year, register at tho General Post Office one 
word which may be used in telegraphing instead 
of the firm's name, and, in place of the full 
address, the name of the town is sufficient 
address to use with a registered name — thus, 
“ Mistitled, London,” can be written on a tele- 
gram instead of “Amalgamated Press, Fleet- 
way House, Farringdon Street, London, E.C.” 
Tho cable companies register telegraphic ad- 
dresses free of charge. CHARLES RAY 
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Expansion under Heat. The Calorimeter. Heat ot Water 
and Its Effect on Climate. Latent Heat. Evaporation. 

HEAT OF LIQUIDS AND GASES 


L ike gases, liquids expand when they are 
heated — that is to say, nearly all liquids do 
so. But liquids differ very markedly among 
tnemsolves in their measure of expansion, whereas 
we have seen that all gases expand in the same 
measure. Not only so, hut one and the same 
liquid will expand at very different rates for a 
similar rise of temperature in different parts of 
the scale. Water, for instance, at 30° C. expands 
four times as much for a rise of temperature of 
ono degree as it docs for a similar rise at 10°C. 
Hence it follows that liquids arc theoretically 
quite unsuitable for thermometers. But the 
reason why spirits and mercury are so constantly 
used is that within certain limits the expansion 
of these two liquids is very nearly uniform — 
sufficiently for ordinary purposes. 

Convection Currents. If we lake an 
ordinary liquid such as water and apply heat 
to a i)ortion of it contained in a vessel, hy a 
spirit lamp, for instance, the heated water rises, 
since its specific gravity is lowered, and colder 
water flows from above down the sides of the 
glass to take its place. Hence we g(;t what an^ 
called convection currents. The lu'at is coiivey<‘d 
from one part of the water to another by the 
act ual transit of the heated molccuk's of water. 
I'his mode of the transferemee of heat is called 
convection (from the Latin veho, T carry) and 
must be dist inguished carefully from i lie two ot her 
ways in which heat is transferred from place 
to place. Even if the heat were applied to tlie 
water from above, so that the hottent \vatcr, 
being the lightest, remained at the top, the w ater 
at the bottom of tlie vessel w'oukl gradually 
rise in temperature. Tliis would occur hy the 
same process as that l)y which one end of a 
poker becomes warm wdien the other is lield ,iri 
the fire. This is the conduction oi lieat as dis- 
tinguished from its convection, and is a very much 
more interesting matter, which must be studied 
later. The difference is obvious. In tiie ease of 
the poker or the water heated from above, the 
molecules of iron or water do not carry the heat 
from one place to another, but hand it on. The 
Gulf Stream is the most striking instance wo 
know of a convection current. 

The Peculiar Behaviour of Water. 
By far the most remarkable facts in connection 
with the expansion of liquids are those concerned 
with the very peculiar behaviour of w'atcr, 
which is at its ihaximum density at a temperature 
of 4° C., and which expands as it is cooled 
below this point, so that ice is lighter than water 
just above the freezing point. We commented 
on this extraordinary property of water on 
page 612 and observed its immensely important 
consequences for human life, and, wo might 


have added, for the life of the fish. But, 
indeed, this does not exhaust the peculiarities 
of wator in relation to expansion by heat, for 
Sir James Dewar has demonstrated that ice dis- 
plays certain peculiarities in this respect, and 
that when the ice with which we arc familiar is 
cooled below a certain point, there is formed a 
new sort of ice, which may bo called normal 
ice, and the behaviour of which in relation to 
heat similar to that of other bodies. 

Expansion of Solids. Solids, also, like 
liquids and gases, expand w*ith heat, and 
contract on cooling, though their clianges are 
not so marked. Innumerable experirmmts may 
bo devised to illustrate the expansion of solids. 
One of the best of these may be made with a 
brass ball which is just small enough to pass 
through a ring. If now the hall be heated, it 
will no longer pass tlirough until it cools and so 
becomes small enough. The degree to which a 
solid expands when heated is susceptible of 
measurement, and it is found that, as in the cast? 
of liquids, solids differ very much among 
lhemst‘lv('8 in this respect. Physicists speak of 
coefficients of expansion, and these may deal 
with expansion in length, wliieh is called linear 
expansion^ or witji expansion in volume, which 
is called cubical expansion, or with expansion 
of surface, superficial expansUm. Tlu' consi'- 
quenocs of expansion arc very important, and 
sometimes it is of great importanec to place 
together substances which liave tlie saint? co- 
efficient of cubical expansion. For instance, 
ill the making of incaiwh scent electric lamps, 
it is nettessary to use glass whieli has (exactly 
the same cocffieienl of expansion as platinum 
wire, which is employed simply because it is 
possible to make glass that exactly corresponds 
with it in this fiarticular. 

Consequences of Expansion. The 
conscqu(*nce is that, when the lamp is lit, the 
glass and t he platinum expand together. Another 
illustration may be sought in dentistry. Ono of 
the absolute essentials for the successful filling 
of a tooth is the employment of a filling, usually 
a mixture of metals, wnich has exactly the same 
coefficient of expansion as the tooth itself. Wlnui 
this precaution is not taken, as, for instance', w lien 
the necessary details are not properly observed 
in preparing the filling, the tooth w'ill soon bo 
cracked. If, for instance, one drinks a hot 
liquid, the filling will expand to a greater degree 
than the walls of tho ciiMty, and will burst its 
bonds. On the other hand, if its expansion 
bo too small, it wull not expand sufficiently, 
and, as a result, microbes will make their way 
in past its sides, or perhaps it will fall out. 
In various familiar operations some other 
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consequences of expansion are observed ; as for 
instance, in th(5 heating of tyres so as to fasten 
them on to wheels, winch they grip lirmly as they 
cool; and as in riveting, the rivet is inserted 
at red heat, and on cooling shortens, so that 
the plates are held firmly together. Another 
instance is furnished by the cracking of a tum- 
bler when very hot water is poured into it. 
The reader who is familiar with the test tubes 
used in chemistry may wonder how it is 
possible to boil liquids in such thin tubes when 
a strong tumbler would certainly crack. The 
explanation is that the tubes are so thin as to 
expand equally throughout when heated. But 
in the case of the tumbler, the inner surface of 
the glass expands before the heat has had time 
to reach the outer surface by conduction, and 
so is apt to split its casing, just like the badly 
made tooth-lilling. 

Compensating Devices. The differ- 
ences of exj)an8ion in various metals are of 
groat use. In a good clock, for instance, the 
pendulum must not consist of one metal because 
this would expand in 
iiummcr-timc, lengthen 
the pendulum, cause it 
to swing more slowly, 
and therefore make the 
clock slow. In order to 
obviate this, tluTc arc 
made what arc called 
gridiron pendulums ^ in 
which rods of iron and 
of brass alternate in 
such a fashion that the 
expansion of the* one 
in the one direction is 
compensated for by that 
of the other in the other 
direction. Similarly, 
every good watch has a 
compensation balance ; 
the balance wheel is not 
a com])lctc circle but 
consists of two halves, 
each of which is just 
short of a semicircle. 

These halves consist of an outer strip of brass 
and an inner strip of steel, and the consequence 
is that, when the temperature rises, though the 
strips tend to move out from the centre of the 
wheel, they become more curved, the free ends 
turning inwards. Thus the rate of oscillation 
of the wheel is not retarded. 

The Measurement of Heat. Literally, 
a thermometer is a heat measurer, hut we 
have already seen that the thermometer merely 
measures heat level, and that only under 
certain very definite conditions docs the ther 
mometer serve as an index to the amount of 
heat in a body. In orckr to measure heat, we 
must have a unit, and the unit of heat, or thermal 
unit, is that amount of heat which can raise one 
gramme of water from 4° C. to 5” C. This 
amount of heat is technically (nown as a 
calorie (from the Latin calor, heat). This is 
the only unit of heat we need now consider, 
as it is now in universal use. The fact that 
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makes it necessary to specify the temperature 
of the water was noted at the beginning of our 
discussion. It takes more heat to raise the 
unit mass of water through one degree, from 
80^ C. to 81° C., than from 4° C. to 5° C. 

Specific Heat. Now, we have also seen 
that in the case of water and mercury wo require 
to put far more heat into the water in order to 
cause a given rise of temperature than into the 
mercury, and this gives us a clue to the meaning 
of what is called specific heat. This is best 
defined as the number of calories or units of 
heat necessary to raise a unit mass of a substance 
through 1“ C. Thus the specific heat is really 
a measure of the capacity for heat of any 
body. Now, in order to study this subject, wo 
obviously need more apparatus than a mere 
thermometer, and the apparatus employed is 
called a calorimeter. This (issentially consists of 
a box containing a thermometer and a quantity 
of water. This box, usually made of thin copper, 
is placed in other boxes and is carefully supported 
on props in such a way that no heat can get 
out of it, and the thcrmometiT is carefully fixed 
in the handle of a stirrer whidi passes through 
a hole in the cover of the (;alorimcter. If we 
now place inside the calorimeter any body at 
a given l(‘mperatiire, the thermometer will 
readily enable us to ascertain the amount of 
heat whieli such a body has been able to impart 
to tlui water of the calorimeter — the amount of 
which is, of course, known. 

The Specific Heat of Water, Another 
remarkable peculiarity of water is that it 
has a very much higher spcicjilic heat than any 
other known substance. This being so, its 
specific heat is taki‘n as oac, and the specific heat 
of other substances is stat(‘d proportionally. 
In g(*ncral, the metals have low speeifie heats ; 
tho.se of brass and copper, for instance, an^ 
less than one-tenth that of water. On the other 
hand, the specific heat of alcohol and glycerine 
is more than 'fi and that of other is more than ‘f). 
Th(? consequences of the liigh specific heat of 
w'ater are almost as striking as those which 
follow its peculiar behaviour as regards expan- 
sion near its freezing point.. In the first place 
the high specific heat of water means that a 
given quantity of wafer at a given temperature 
contains more heat than a similar quantity of 
any other substance, and, in cooling, such a 
quantity of water necessarily gives out mgre 
heat than any other substance, just as, in 
raising its temperature, more heat had to be 
put into it. Hence, for warming purposes. 
wattT is the most valuable agent. A hot 
bottle filled with mercury, for instance, would 
be quite cold in a very small fraction of the 
time required to cool a hot-wate#- bottle ; and 
it is this property of water which makes it so 
useful in hot-water pipes. 

Water and Climate. This property 
of water also profoundly affects the climate, 
for it tends constantly towards equalising the 
temperature. In summer the water docs not 
have its temperature raised so quickly as the 
land, its specific heat being so much higher. 
This means, of course, that at night heat will 
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tend to flow to the sea from the land, the 
temperature of which is thus kept down. But 
in winter the land rapidly loses its comparatively 
small store of heat ; the sea, however, is able 
to supply it from its jown plentiful store, and 
thus the climate is made more equable, tlie 
summer milder, and the winter less cold. These 
are the characteristics of an insular climate such 
as our own, and they are of the utmost value. 

♦ The relatively cool summer that depends upon 
the high specific heat of the water surrounding 
us, tends to set some poor bounds to our t-errible 
infantile mortality, which depends mainly upon 
the bacterial decomposition, under the influence 
of heat, of milk and other food ; and the rela- 
tively mild winter, due to the same cause, tends 
to keep down the death rate from pneumonia, 
bronchitis, and other diseases of the lungs. 
Wo abuse our climate, bat it is one of the best 
in tiic world ; for it has not only the advantages 
of an insular climato, due to the high specific 
heat of water, but is also ameliorated by that 
great convection current which is called the 
Gulf Stream, and which constantly carries to 
ns quantities of heat from the tropics. 

Though all other liquids fall far short of tho 
specific h(uit of water, they have higher specific 
heats, as a rule, than solids ; and it is also the 
rule that the specific heat of a substance is 
higher when it is liquid than when it is solid. 
The spc(nfi(; heat of ice, for instance, is only 
one half that of water : this being an instance 
of tho general proposition that the specific heat 
increases with the bmiporature of a substance. 

Latent Heat. Another of the most 
striking effects of heat is its pow^^r of changing 
the physicol state of matter. This has already 
bQcn (iis(!ussc(l at some length in relation to 
the kinetic th(*ory of gas('s and molecular motion. 

. Wc know that there are three w'dl-recognised 
states of matter and that these differ essentially 
in their measun* of molecular motion ; and wo 
have seen also that heat and molecular motion 
cannot ultimately be distinguished from one 
another. Suppose w^e melt some ice at tho 
freezing point; the temperature of the ice 
was 32'^ F., tlui temperature of the water formed 
when tho ice molts is also 32’ F. ; what has 
become of the heat wo employed in melting the 
ioe ? We must believe that it is represented 
by the more active molecular motion of the 
water, and this heat, or heat that was, is now 
called latent heat. In this particular case it 
is the latent lieat of fusion (or melting). This 
may be defined as tho number of thermal units 
required to change one unit of mass of a solid 
in^ a liquid without changing its temperature. 

Determination of Latent Heat. Latent 
heat was first discovered by that remarkable 
geaius. Joseph Black, who was mentioned in 
the second chapter of the course on Chemistry. 
He determined the latent heat of water by 
what is called the ice block cahrUneter. A 
ball of metal heated to a known temperature 
is inserted into a hole of a block of ice, the hole 
being covered with a slab of ioe. The metal is 
gradually cooled until it reaches the freezing 
point, and in doing so it melts a quantity of the 


ice. Tho water thus formed is poured out and 
weighed. If we know the weight of the metal, 
and its specific heat and its temperature when it 
was inserted, w^e know tho number of calorics 
necessary to convert into liquid a quantity of 
ice corresponding to tho weight of tlio water 
that i.s formed. Another method that may bo 
employed consists in the insertion of a known 
quantity of ice into a calorimeter. 

Wh(‘ii wc spoke of the Fahrenheit scale, wo 
referred to the mixture of ico and salt, which 
provided Fahrenheit with tho lowest temperature 
that he could obtain. 8uch a mixture is called 
a freezing mixture, and everyone wfiio has made 
iocs at home is familiar w'ith it. The ice tends 
to melt, but in doing so it is compelled to 
obtain from its neighbourhood the amount of 
heat represented by the latent heat of water. 
As it melts, it dissolves the salt and thus forms 
brine. Now the freezing-point of brine is very 
much lower than that of water. Hence, such a 
mixture will readily freeze tho mixture of milk, 
water, and so. forth, of which ices are madi\ 

Again, we find that water is dislinguislicd in 
respect of its latent heat, which is about Tt)'’ C. 
That of iron is 23, of load 5*3, and of mercury 2*8. 

Temperature and Expansion. Our 
discussion of molecular motion in a previous 
chapter will enable us to believe that a 
change of volume is usually observed at tho 
melting point, and we should rather expect 
that when a solid melts it should occupy more 
space than formerly. In the ease of water, 
however, as also in the case of various metals, 
such as iron and lead, the solid occupies more 
space than the liquid at tho freezing point. 
This is why cold cracks the water pipes. The 
water appears when the (haw comc'S, hut that 
does not imply that it is the thaw which breaks 
the pipes ; the pipes were broken with the frost, 
which solidified tho wator and caused it to 
expand, thus bursting tho pipes ; tho thaw 
merely demonstrates tho coiisociiicnci's. 

Having observed how the qiK'stion of pressure 
must always be correlated with that of tempera- 
ture— as, for instance, in Boyle’s law— we shall 
be prepared to believe that pressure affects the 
melting point ; and this is so. In general, tho 
bodies wliich contract when melting, melt more 
easily — that is to say, at a lower temperature — 
if pressure be applied to them. This is evidently 
reasonable, since the pressure tends to make 
them contract. Conversely, bodies which ex- 
pand when they melt naturally molt with a 
greater difficulty under increase of pressure. 

Regelation. These facts account, in tho 
case of water, for tho exceedingly important 
phenomenon called regeldtion. If a wcMghted 
wire be passed across a slab of ice, its pressure 
will cause the ice to molt, so that it gradually 
cuts its way through tke slab, leaving, liowever, 
not an open track, since tho water easily freezes 
again as soon as the pressure of the wire is 
removed. Similarly, if two slabs of ice are 
pressed together, and then the pressure bo 
removed, they are found to have become con- 
tinuous with one another. The pressure caused 
the surfaces in contact to melt, and when it was 
* 
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removed they froze together. It is now believed 
that this phenomenon explains the motion of 
glaciers [see Geology]. Hence, though ice is a 
solid, it yet moves down a glacier valley almost 
as if it were a viscous licpiid. For the ice which 
is in contact with the bed of the glacier is 
constantly being induced by the pressure above 
it to melt and then freeze again in a fresh 
position, thus enabling the whole slowly to 
move on. Therefore we must regard the motion 
of glaciers as mainly dependent upon the 
influence of pressure upon the melting point of 
water. 

Liquids and Gases. Just as the addition 
of heat causes solids to licpiefy, so it causes 
liquids to evaporate or become gaseous. If we 
take the case of water placed in a saucer, we 
find that it ultimately disappears ; it has 
evaporated. Even i(;c evajiorates w'ithout first 
passing through the obviously liquid stage. 
The converse process we call condensation, and 
every child who has looked through a pane of 
glass on a cold day is prepared to undc^rsland 
that the gaseous water which has left his lungs 
has become liquid by contact with the cold 
glass. Now, qiKstions of evaporation and 
condensation are determined largely by prt'ssure 
as well as by heat. Wc have said that water, 
and even ice, evaporate at all temporatun‘s. 
But if th(} air above the w'atcr were already 
saturated wuth water vapour, no more water 
would be evaporated. Thus the evaporation 
of water depends not only upon temperature, 
but also upon the pressun* of water vapour. 
But this pressure varies at different temperal ures, 
so that, here again, we have pressure and 
temperature correlat ed. Saturated w ater vapour 
increases its pressure as the temperature ris(s. 
When the temperature falls some of the vapour 
is condensed, and the pressure is less. 

We often talk of volatile liquids, and the 
term may be used to imply those*, which are 
very readily evaporated at ordinary tempera- 
tures, having a large* vapour pressure. Con- 
spicuous amongsl these an* (^ther and alcohol, 
which have a much higher vapour pressure than 
that of water. Some liquids, however, cannot 
be evaporated at all, and so the term volatile 
may be applied to all the others. The two 
uses of the term are unfortunate. 

Vapours. Wc must carefully distinguish 
between unsaturated and saturated vapours. 
The former are simply gasi‘s, and obey Boyle’s 
law. Of the latter, the following law may be 
stated : The scUnratvd vaixjur of every liquid 
that forms a vafmir exerts a certain pressure, 
differing with various liquids, at a given tempera- 
ture, and this is always the maximum pressure 
which it can exert at that temperature. 

In the case of every gag there is a temperature 
which is called the critical temperature, and as 
long as it is above this point no amount of 
pressure will cause the gas to liquefy. 

We must now also formulate the law frequently 
referred to in relation to the partial pressure of 
the carbonic acid gas and other constituents of 
the atmosphere. It is that in a mixture of 


vapours and gases — as, for instance, in the case 
of air, which always contains a quantity of 
water vapour — each constituent exerts its own 
pressure independently of the other, provided that 
there is no chemical action between them. This 
fact may bo expressed by saying that, so far as 
the pressure of the water vapour is concerned, 
the air acts as a vacuum towards it — “ one gas 
acts as a vacuum to another.” 

Evaporation and Boiling. In both 
these processes there is the transference of a 
liquid into the gaseous state ; but in the case 
of the former, it is necessary tliat, for the vapour 
to form at the surface of the liquid, the space 
above it he not saturated ; whereas, in the case 
of boiling, the vapour is discharged into satu- 
rated space, being formed at the tem})crature of 
saturated vapour at the pressure in the liquid. 
Thus wo may define the boiling point of any 
liquid as the temperature of saturated vapour at 
the pressure in the liquid. Water vapour at any 
given pressure must have a definite temperature, 
and the pressure of a bubble of watc'r vapour, 
formed when waU‘r boils, must at least equal the 
fluid ])ressure outside it ; otherwise, plainly, it 
could not maintain its bubble form. 

'riiereforo, a( flu* ordinary atmospheric pres- 
sure, the bubble of watta* vapour formed in boiling 
water must havt; a temperature of KX)^ C. 
Bubbles may be formed at the bottom of the 
kettle, for instance, beft)re the w’ator reaches this 
temperature. Such bubbles, however, cannot 
rise? unchanged through the liquid, but are con- 
d(‘ns(‘d when they reach the surface. It is not 
until the whole of the water has reached the 
boiling point that the bubbles formed below can 
pass unchanged through the liquid, and it is not 
until we see this occur that we can declare the? 
liepiid to be boiling. As the he‘at continues to 
be applied, the temperature of the remaining 
liquid is not increased, but all the lieat is used up 
in converting part of it into a vapour. 

Boiling under Various Pressures. 

In the e?as(? of ordinary boiling water, the external 
pressure is simply that of the atmosphere, but 
we arc now able to understand that if the atmo- 
spheric pressure be altered, the boiling point must 
be correspondingly altered — that is to say, the 
vapour of the liquid escapes when the water is 
at the temperature eorr(*8 ponding to the external 
pressure. If, then, we lower the external pressure, 
the boiling point is correspondingly lowered — 
that is to say, the vapour can be given off freely 
at a lower temperature than before. This fact 
provides us with a more or less accurate means 
of determining heights. For if we boil water on 
a mountain, a thermometer will indicate the new 
boiling point, and from the degree 4o which this 
has been lowered we can infer the lowering of 
the atmospheric pressure, and thus the height 
at which the reading is taken. A consequence 
of this fact is that on the tops of high 
mountains cooking is performed with difficulty. 
For instance, it is impossible to cook an egg at a 
height so great that the boiling point of water 
is below the temperature at which the white of 
an egg coagulates or solidifies. 
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But, just as the pressure is lowered by ascend- 
ing a mountain, so it may be raised by boiling in 
some sort of a vessel which does not permit the 
vapour to escape readily. In such a case, the 
external pressure is much higher than that of 
the atmosphere, because the partially confined 
steam exerts a pressure ifjpon the surface of the 
liquid. We are now prepared to accept the fact 
that in such a case the boiling-point is raised. 

Latent Heat Again. When discussing 
the liquefaction of ice, we made the acquaintance 
of latent heat, and saw that in the act of con- 
verting ice at freezing-point into water at the 
same point, much heat was employed, though 
there was no rise in temperature. This wo called 
latent heat of fusion. Similarly wo find that 
when a liquid is converted into a gas a quantify 
of heat is absorbed, and this wo call latent heat 
of evaporation. It is the heat which disappears 
— needless to say, it is not annihilated — when 
liquid at the boiling-point is changed into vapour 
at the same temperature. The heat is still there, 
but it cannot bo perceived by the .sen.ses ; it lies 
hidden, and lienee is called latent (Latin kiteo, 
1 lie hid), whereas the heat which can bo jier- 
ceivod, or “ sensed,” is called sensible heat 

Washing without a Towel. If we 

Avash the hands on a cold day and allow them to 
dry without a towel, we soon discover how cold 
they become— so cold that the skin is apt to i>o 
injured, anrl the hands become chapped. Why 
should the evaporation of the water from the 
hands cau.se them to become cold ? Tlio r(‘ason 
is evident. The latent heat of evaporation has 
to come from somewhere. Whenever any part 
of a liquid evaporates, some sensible heat must 
become latent. And in ibis case the heat is 
derived frofii the hands. The additional energy 
of molecular motion which the water vapour 
possesses in virtue of its more active molecular 
motion is obtained by the transformation of 
sensible into latent lieat, and the heat in our blood 
has to ])ay the [leiialty. The more rapid the 
evaporation, the greater is the reduction of tem- 
perature of the body from which it occurs. . 

Hence, alcohol, ether, Ean de Cologne, and 
similar substances, an^ usetl in preference to 
water for relieving a headache, or reducing the 
temperature of a hot and painful area of skin. 
These facts also explain our objection to wetting 
the feet. As the footgear dries, the latent 
heat of evaporation of the water has to be 
obtained from somewhere, and the feet pay the 
penalty. But wo have already seen that the 
rate of evaporation, or its possibility at all, is 
determined by the amount of vapour alrea^ly 
present in the air. When the air is saturalocl, 
it can hold no more, and evaporation ceases. 
Hence, the importance of a current of air in the 
process of drying anything, and hence the danger 
of a current of air, or a draught-, in causing the 
perspiration to evaporate t<jo rapidly, and thus 
lowering the temperature of the body. 

Water Vapour and the Weather. 

Just as changes of pressure affect the boiling- 
point, so they affect the speed of evaporation at 
1^7 given temperature; and, as we should 


expect, evaporation is hastened by decrease of 
pressure, ai\d is retarded by an increase. 

When discussing the atmospheric pressure, we 
described the barometer, and showed how it may 
be used as a weather-glass, the inference being 
that the state of (he atmospheric pressure at any 
given time and place is the most important 
fact in tiotermining the kind of weather ex- 
perienced there. 

But it is also very necessary, in order to 
understand the weather, (o recognise the part 
played by wsiter vapour in the air in affecting 
our sensations, and the obvious characters of 
(he Aveather. This subject may appear to be a 
mere digression from the groat subject of heat 
Avhich Ave are discussing, but Ave must remember 
that temperature is one of (be conditions which 
determine the amount of Avater vapour in tho 
air, and also that tho dilTercnce betAveen such 
AA’ater vapour and the liquid Avatcr Avhich avo 
knoAv as rain depends upon tho latent heat, so- 
called, Avhich is contained in the former. 

Water and Air. Water vapour is a 
constant constituent of the air, but its amount 
varies Avithin very Avide limits, and its amount 
may be expressed by the term, the humidity of the 
air. So long a,s the air is not .saturated, it has a 
drying poAvej’, as everyone knoAvs, and wo have 
already noted that (lie motion of the air aids this 
diying power simply because it interferes with 
tho tendency toward saturation. What Ave 
constantly appreciate by our senses is not tho 
absolute humidity of tho air — that is to say, the 
actual (plant ity of Avater va)>oiir Avhich it con- 
tains — but its relative humility, which may be 
defined as the ratio of tho actual density of tho 
AA'ater vapour in the air to tho possible density 
at that lcuiperaturc---lhat is to say, the density 
of satiiratecl vapour. Hemeo, on a hot day wo 
Avould call air dry Avhich really contained much 
more Avater A^apour than the air which, on a 
colder day, avo would (;all damp, tho reason 
bein!j: that, in the first case, tho air was much 
farther from saturation-point than in the second 
case, and thus Avas, thougli* absolutely much 
more humid, relatively less humid, and so ])os- 
scssed of much greater drying poAver. 

Wo have already seen that in a mixture of 
vapours and gases each constituent exerts its 
own ])ressurc independently of the others. Tho 
pressure of the Avater vapour in the air is thus 
exerted just as if nothing but w'ater vapour 
w'cro present. It depends upon its (piaritity 
and upon the temiierature. When the tem- 
perature is lowered l)eyond a certain point some 
of the w'ater vapour in the air is condensed in 
the form of dew% and that point is called the dew- 
point. This dcpeiuls upon tho f)ressure of tho 
Avater vapour, and avo have alroiwly seen upon 
what conditions this j/rcssuro depends. 

Hygrometers. The hygrometer (Greek 
hygroSf damp) must carefully be distinguished 
by the stu&cnt from tho hydrometer^ which w'o 
have already described as an instrument for 
measuring the specific gravity of a liquid. The 
object of the hygrometer is to determine the 
humidity or dampness of the air, and this ia 
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usually done by determining the dew-point. 
The best-known hygrometer Ls named after 
Danicll. It consists of a bentrglass tube with a 
bulb at each end, one of which is half full of 
ether that has been boiled, so that the whole 
apparatus cont ains nothing but ether and ether 
vapour. The bulb containing the liquid ether 
also contains the thermometer, and is blackened. 
The other bulb is covered with cot ton- wool, 
upon which a little ether is poured. This rapidly 
evaj^orates, and in order to obtain its latent heat 
of evaporation it is bound to condense the ether 
vapour within the bulb. This j)ermits further 
evaporation of the liquid ether in the other bulb, 
which, for the reason we are now familiar with, 
is also lowered in temperature. When the tem- 
perature falls to a certain point, de^v appears on 
the blackened surface of the other bulb. Thus 
the dew-point can be ascertaine.l. But the most 
accurate way of using the hygrometer is not to 
be content with one rea<ling, but to note it, sto]) 
the cooling process, and then earofidly note the 
lem])erature at which the dew disappears. The 
mean of the two readings is the dew-])oint. 

Wet and Dry Bulb Thermometer. 

This is a thoroughly useful device so long as we 
romcinbor to keep it supplied witli Avater. In 
the tirst place, there is an ordinary “ dry bulb ” 
thermometer, which ascertains the temperature 
of the air. Beside it, there is another, the 
bulb of Avhich is covered with muslin, whi(;h is 
kept AA'et. This is usually done by altachi?»g 
a j)iece of lamp-wick to the muslin, along whi(;h, 
by capillarity, Avat(u* travels from a reservoir. 
The rate at wliich the moisture cvaf)orates from 
the muslin is an index to the relative humidity 
of the air — that is to say, to its dryit\g poAver — 
and can itself be measured by the extent to 
Avhich it loAvors the reading of the Avet bulb ivs 
compared Avith the reading of the dry 
bulb thermometer. 

Needless to say, there arc simpler methods 
than any of those for ascertaining, very rouglilv, 
not the absolute amount of moisture in the air 
but its relative Iqynidity, For instance, there is 
the hf/ijrosrupe, the essential part of Avhkdi is 
simply a human hair, which is longer Avhen moist 
and shorter Avhen dry. A piece of seaAveed, also, 
containing a quantity of salt, acts as a hygro- 
scopo, bccaus(‘ when tlie air is near saturation 
point it becomes soft, Avheroas Avhen the relative 
humidity of the air is Ioav it becomes hard. 

Relative Humidity and Health. The 

relative humidity of the atmosphere is a very 
important factor in our bodily comfort and 
health. The temperature of the Avar in -blooded 
animal body must bo kept constant at all costs, 
and this is efFceied by a balance between the 
rate at which heat is produced Avithin t he body 
and the rate at which if is parted with to the 
environment. We lose heat to the environ- 
ment iu two Avays ; in the first place, by direct 
radiation — a term to be later explained ; and in 
the second place, by supplying the latent heat of 
evaporation to the perspiration, sensible and in- 
sensible, which is incessantly leaving the body. 
The possibility of controlling the temperature in 
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the latter fashion entirely depends upon the 
relative humidity or drying power of the air, Avhich 
is thus a far more important factor in our 
comfort than its mere temperature. The tem- 
perature is important in so far as it hel]is to 
determine the amount of water vapour Avhich 
the atmosphere can hold than in any other Avay. 
When the amount of water vapour in the atmo- 
sphere is nearly at saturation point, the evapora- 
tion of the perspiration becomes very slow, and 
hence our discomfort. 

Dew. When Ave spoke of the hygrometer, we 
observed that the commonest means of ascer- 
taining the relative humidity of the air consists 
in an observation of the doAA^-point. It is com- 
monly stated that the natural formation of dew 
takes place in a precisely similar fashion to the 
formation of deAV on the other bulb of DanieU’s 
hygrometer. At night, the Avarm earth rapidly 
radiates into the atmosphere the heat tliat it has 
received from the sun during the day, and 
blades of grass and the like, standing slightly 
apart from tlie earth, become especially cool, and 
cool tlie air in their neighbourhood, so that it can 
no longer hold the moisture Avhich it could hold 
Avhen it was at a higher temperature — in other 
words, it- is cooled below its saturation tempera- 
ture, and de])osits its moisture. One of the 
mast im})ortant factors in determining the 
amount of dcAv that falls is the rapidity ot the 
radiation that occurs Avhen the sun goes down, 
and this is favoured on a clear dry night, Avhile, 
if the night be also still, the formation of dew is 
still further favoured. ih(^ loAver layers of air 
having time to deposit their moisture before 
they are blown aAvay. No doubt this is sub- 
stantially true, but the botanists toll us that 
plants constantly perspire (though the technical 
term used is transpiratuyriy Avhich is the French 
ccpiivalent for our word perspiratirm), and it 
seems more than f)r()bablc that a portion, at any 
rate, of tlie deAv does not consist of moisture de- 
))o.sited on the leaves of grass from the air, but 
consists of the Avater whicli has j^assod out from 
the leaves themselves, and the eA^aporation of 
Avliich is prevented owing to the cooling of the 
surrounding air beloAv its saturation temperature, 
in the fashion we have explained. Of course, 
the old explanation still hokls entirely true for 
the formation of the dew elseAvhere than on plants. 
When dcAv freezes, it produces hoar-frost. 

Fog. Where the radiation at sundown is ex- 
tremely rapid, and Avhere the air contains a very 
large amount of moisture, as, for instance, in 
tropical forests, whore the deAv is formed above 
the tree-tops, it falls like a shoAver of rain. This in- 
troduces us to a new subject. Wo have already 
seen that there is always a certafh amount of 
Avater vapour in the atmosphere. A cloud also 
consists of water, but it is liquid water, formed 
by a lowering of the temperature of a mass of 
va|)our-laden air, and thus having the same 
essential causes as dew. If the cloud be near the 
ground, we do not call it a cloud, but a mist, and 
if this be at all dense we call it a fog, whether it 
be pure or the tUth-laden gloom in cities. . 

C. W. SALEEBY 
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Jn the drainage of country houHcs some fea- 
* tures not met with in towns provided with 
sewerage systems arc introduced. Tlie first of 
these are sumpst or fioakaways, for rain-water. 
They may lie employed when it is not desired to 
store the rain-water. Such a sump consists of 
a pit which is sunk in the soil, and which 
should have a capacity of at least one cubic 
yard, and should be tilled in with hard, dry, 
clean brick or stone rubbish ; it should be at 
least 6 ft. from the building, and a drain is taken 
from the foot of the rain-water jiipe, so as to 
deliver the w^ater into the sump. A small 
chamber may be 
formed with 
bricks laid dry 
around the end 
of the pipe, to 
ensure tliat it is 
not choked up 
by the smaller 
material. Each 
pipe may have 
it-s own sump, 
or two or three 
may deliver into 
one. In dry, 
porous grounds 
the size may be 
kept small, as 
the water will 
rapidly disperse 
by percolation, 
but in moist and 
clayey soils the 
capacity should 
be large. The 
actual size will 
depend upon the 
amount of water 
delivered by the 
pipe ; no sump 
should be 
formed for this purpose so deep as to reach 
the level at which water stands naturally in 
waterlogged ground. Wooden butts are often 
used to receive the rain-water delivered by a 
single pipe, but should have an overflow and 
a drain placed under the draw- off tap which is 
usually provided. 

Cesspools. Cesspools are large receptacles 
sunk lielow the ground-level for the reception 
of sewage. They are of two classes, both 
generally circular in plan. Those usually required 
are made watertight, with the bottom of cement 
concrete, walls and domed top of brickwork 
set in cement; or the wall and dome may 
also be in concrete. The interior is rendered in 


cement and sand [see Plasterer], and in 
damp situations the outside may be sur- 
rounded w'ith clmj 'pnddk [see En(jinbering 
FOJ i Water Supply]. Tlie top has an opening 
closed with a manhole cover and a perfora- 
tion for the suction-pipe of a pump, if one is 
used for pumping liquids only. [48] 

The drain wdiich delivers into the cesspool has 
an intercepting chamber close to it. 1'he cess- 
pool, which siiould he placed at least 100 ft. 
from any dwelling, has a F. A. I. and a V. P. 
carried up a tree or a tall post. Nothing should 
be led into it but the soil -drains from closets 

and the scullery 
sink. The size 
varies with cir- 
cumstances; but 
even a large 
cesspool, if it 
has no outlet^or 
overflow (and 
this is not as a 
rule permitted), 
will require 
pumping out at 
frequent inter- 
vals. 

The second 
variety of cess- 
pool is similar 
in form, hut is 
built dry— 
the bricks are 
laid without 
mortar. In 
chalk it may be 
excavated in the 
chalk, and re- 
jAiiain imlined. 
Its construction 
allows the 
liquids to perco- 
late into the 
soil, and is only suitable for dry, porous soils in 
situations w'hcre there is no danger of con- 
tamination of any source of water supply. Into 
such a cesspool all wastes, as well as soil-drains, 
may be taken,^nd if capacious it will require 
cleansing only at long intervals. The inter- 
cepting chamber and system of ventilation is 
required, and a small cesspool of this type is 
sometimes provided for bath and lavatory 
wastes wh(?re the soil-drains are tak(?n to a 
watertight cesspool. , 

Storage Tanks for Rain-water. These 
are employed where separate rain-water drains 
are used. They are constructed underground in 
a manner siihilar to watertight cesspools, but 
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of much greater capacity. The actual size is 
regulated by the area from which rain-water 
is collected and the rainfall of the locality. 
For every square of 100 ft. of roof drained a 
provision of 8 '3 cubic ft. must be made for 
each inch of rainfall to be stored, and about half 
this amount from paved yards. The average 
rainfall throughout England is about 2i in. 
per month but varies considerably in different 
districts and in different months. Where it 
forms the only source of supply the capacity 
for the tanks should be equal to storing four 
months’ supply. 

Storage Tanks* The tank [40] may he 
circular or rectangular, and is sometimes lined 
with asphalte. [See Bhicklaver.] It may be 
provided with a small catchpit and strainer to 
receive the end of the drain, and to retain any 
solid matter It must have an overflow, 
which, if possible, should be taken to a ditch 
or pond ; if taken to the soil -drainage system 
it must be efficiently disconnected. The tank 
must have a manhole cover for access, and a 
lift or force-pump for raising the water to the 
cisterns supplying the house. The pump must 
be connected to the well with a suction-pipe, 
t^cn down nearly to the bottom of the well, 
and to the cistern by a delivery pi[^. Pipes and 
cisterns for rain-water sliould l)e of iron, not 
lead, as the rain-water attacks lead. 

Subsoil Drainage. Subsoil drainage is 
required for draining off stagnant subsoil 
water due to general saturation or to a land 
spring. The drains are laid with the agricultural 
drains already described. Pipes of 3 in. diameter 
are usually employed ; a series of parallel 
trenches are cut, the drains laid in the bottom, 
and the trenches filled in. The depth of the 
trench varies with the nature of the soil, from 
2 ft. to about 4 ft. 6 in, ; the distance apart of the 
trenches varies usually from 12 or 15 ft. in stiff 
ground, to from 30 to 40 ft. in loose, porous 
ground. Tlio trenches when close are kept 
shallow, and increase in depth as they are 
spaced further apart. 

The ends of the pipes are connected to a 6 in. 
or 9 in. socketed drain, and taken* to a ditch or 
pond. The outfall should be opcm to inspection, 
but clo.s(‘d by a wire grating against vermin. 
Such drainage may be laid with very little fall, 
but any general inclination of the ground surface 
should be followed, where possible, the outlet 
of the main cross drain being at or near the 
lowest level of the land to be drained. 

Failure of Traps. Conditions arise when 
the traps previously described may cease to be 
efficient. The arrangement of a good drainage 
system should be such as to minimise the effect of 
their failure. The principal causes of failure in 
traps are the following: 

1, The water-seal mqybe forced by an accumu- 
lation of gas on the sewer side if the pressure is 
sufficient. This most frequently happens with 
the main intercepting trap from the collection of 
gases in a sewer. It should not* happen with 
gullies if the ventilation of the drains is well 
arranged and kept efficient. 

2. The water in the trap may be evaporated in 
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dry weather to such an extent that the seal ceases 
to exist. This happens most often to gullies pro- 
vided to receive surface drainage only from small 
areas. Such areas are often placed directly under 
basement windows, and, if a gully placed in one of 
these liecomes inefficient, sewer gas is liable to 
enter the building through the window. A gully 
in such a position should have, if possible, a 
lavatory or sink waste taken into it. This will 
keep it charged if in frequent use. If this is 
impossible, the most certain method of pro- 
tection is to take the drain from the gully, not 
directly into the main drain, but into another 
gully whi(;h docs receive such a waste, and will 
not, therefore, bo liable to dry up even in a 
prolonged drought. Gullies are not desirable, 
and, as a rule, are not permitted, in the 
interior of buildings. If used in any case, 
the drain from such a gully should on no account 
be connected with the general drains directly 
but must bo dirtconncctod as already described. 

3. The contents of a trap may be syphone^ 
out. This is caused by the creation of a 
partial vacuum on the inner side of the seal, 
produced by a full-bore discharge in a neigh- 
l)ouring ))ipo. The pressure of the air on 
the upper side of the trap may then suffice 
to drive before it the water standing in the 
trap and force the seal, which remains open 
till the trap its(‘lf is recharge^d. This affects the 
small (raps of sanitary fittings more scriou.sly 
than gullies, and will be referred to again [see 
Internal Pt.umbkrJ, but the condition may 
arise in gullies. 

4. The contents of the trap may be carried 
out by the force of momentum. When a con- 
sidci abh^ fiill-boro discharge takes place the whole 
body of water may pass through the traj) witliout 
leaving a sufficient quantity in the trap itself 
to complete the seal. This is very liable to 
hapix'n in the discharge of a flushing tank or 
eist(*rn, and most flushing rims are constructed 
so as to retain a sufficiency of water to recharge 
the trap after the main flush is completed. 

The Placing of Gullies. It is necessary, 
therefore, to bear in mind the possibility of 
thd failure of traps, and, in planning drainage, 
to avoid placing gullies in positions where, 
in the event of such failure, sewer gas will 
readily find its way into the building. One 
useful means of reducing the liability to this 
danger is to jdace the gully not directly under 
the pipe, but at a distance of about 18 in. 
from it. The pipe is arranged to discharge into 
an open channel, which may be formed in 
concrete and lined with cement, or with a 
half-round channel ; but the most complete 
form is the slipper gully [34, page 1001]. This is 
an ordinary gully fitted with a ^^ecial form of 
top, including the channel, which is adapted at 
one end to receive the discharge of one or more 
pipes, and at the dlher to deliver the contents 
into the gully. When fixed, it should have a 
galvanised-iron grating or wire cover to 
prevent choking with dead leaves or rubbish. 

Ventilation of Drains. An essential 
feature of a good drainage system is efficient 
ventilation, which is required to prevent the 
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accumulation of dangerous gases in the sysWtti 
and to ensure that any gas gonornted in it or 
entering it from the sower may be discharged in 
such a manner as to bo innocuous. Briefly 
stated, the system consists in providing an 
inlet for fresh air (F. A. T.) on the house side of 
the intercepting trap, the construction of which 
has btion already described ; and to provide at 
or near the head or Inghest part of the drainage 
system an outlet, which is carried up well above 
the highest window or other opening into the 
building, or, bcittor still, to the ridge of tlu^ roof. 
It is not desirable to carry it up a chirunoy 
stack, and in no case should it terminate at the 
level of the top of a chimney flue. When 
there is no fire in the fireplace below, such 
flues often act as inlets to the building, and 
may suck in the gas(‘s that we have been at 
great trouble to exclude from the building. 
Between the inlet and outlet 
there must be nothing in the 
way of a trap or other ob- 
struction to impede the circu- 
lation of the air. 

Ventilating Pipe. The 
V('ntilating pipe (V. P.) [see 
Plumber] may be a pipe of 
lead or iron specially erected, 
but if the soil-pipe from a 
w.c. occurs within 10 ft. of 
the head of th(^ drain it may 
be utilised. Every soil-pipe 
ought to be treated as ii 
ventilating pipe wherever it 
occurs in the system. The 
soil-i)ipe is cut off from the 
interior of the bouse f)y the 
traps of the w.c. apparatus 
[see Internal Ptatmrer]. 

The V. P. is connected at 
its bottom end to the drain- 
age system, and is carried 
up, without any reduction of 
its diamoU^r, os straight as 
possible. All unnecessary 
bends must be avoided, and 
the top finished with a fixed 
dome or globe formed of copper or galvani.scd 
iron wire to prevent birds having access and 
building in it nests, which would destroy it^j 
utility. 

In some cases an exhaust cowl is added to the 
V. P. to assist in extracting the air. The pipe 
should be fixed against a sunny wall if possible, 
for in such a position the sun will heat the pipe 
and the column of air within it will be heated, 
rarefied, and tend to rise, setting up a natural 
current of air in the pipe, while cool air will 
be drawn in through fhe F. A. I. to replace it. 
But under some conditions this action may 
be reversed, and it is on this ground that tho 
head of tho F. A. I. is provided with a self-closing 
flap. Lest this should fail, the i3osition selected 
for the inlet should be such that if for a time 
it forms an outlet no serious harm may be 
done. It is best placed as far as possible 
from any opening into the building. 

So long as such a ventilation system operates, 


it is impossible for any serious pressure of gas 
to bo created in any part of the drainage system, 
so that the danger of the seal of the gulli(3s 
being forced is obviated, and if the interceptor 
is forced the sewer gas has a free road to escape 
above the roof level. 

Testing Drains. The laying of tho drain 
in straight lines and to true falls should be 
watched during its progress ; it may bo tested 
on completion by placing a small mirror in 
the invert of one manhole and a lamp or candle 
in the next ; evcui a sheet of white paper 
will serve in place of the lamp if the manhole 
cover is open. When truly laid tlie oriiice at 
the. distant end will appear in the mirror truly 
centred in the near orifice. 

Water Test. The test for soundness — 
that is, the capacity to retain without leakage 
liquids passing through or standing in the drain 
— is made by charging the 
drain with water. It is usual 
to test each length of drain 
s(‘parately as laid, and later 
to test the whole system or 
eonsiderable sections of it, 
including the manholes. 

Drain Plug. For each 
individual length tho lower 
end of the drain wh^'re it 
enters a manhole is stopped 
by means of a plug or 
stopper. There are two 
])rineii3al classes of these. 
On(i consists of two rnetal 
plates, the edges arranged 
to form a V joint, and 
capable of being adjusted 
by means of a screw [60 J. 
In the is placed a tlH(*k 
ring of rubber circular in sec- 
tion. When the plat(^s are 
separated the diameter is 
slightly less than that of the 
])ipe to I'c te.sted, and it can 
be placed in the mouth of 
the pipe. On turning tho 
screw the plates are drawn 
(og<3ther, the width of the V joint reduced, and 
tho rubber band, forced into contact with the 
surface of the drain at all parts, closes the drain 
completely. Where a considerable pressure of 
water is to be used, it is useful to strut this plug 
from the opposite side of the manhole, or it 
may be blown out bodily by the pressure. 
Through the centre of tho plug an outlet of 
small diameter is formed, with a tap or 
screw cap by winch it may be closed or 
opened. This is used for allowing the water 
to escape after the test is completed. There 
is also a loop or ring to which a cord or 
chain may be attiicheu to prevent the plug 
being washed down the drain if accidentally 
displaced. 

Air-Bag. * The other form of plug consists 
of an air-bag This is placed in the mouth 

of tho drain, and air is pumped into it with an 
inflat or till it swells and closes the orifice. 
It is held in position solely by friction 
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between the bhuldcr and the pipe due to the 
air pressure within. 

The outlet having been closed, the pipe is 
completely filled with water from its upper 
end. If the length of pipe is short and the 
fall slight, a bend may be inserted in the end 
and turn(‘d up so that the level of the water 
standing in the bend should be about 5 ft. above 
the level of the outlet. With 
long runs and fairly rapid falls 
the head of water in the pipe 
will be sufiicient, and with very 
rapid falls the head of water may 
be excessive, but it should not 
be allowed to exceed 10 ft. 

Filling the Drain. The 
filling is best done by a rubber 
hose, and care should be taken 
to prevent any water passing into the trench. 
When the pipe is fully charged the wat<*r- 
level is noted, which may be done by a ‘2-ft. 
rule. A convenient plan is to use a strip of 
white paper, which may be dipped into the 
water and then stuck against the side of the 
pipe or gully so that the lower edge just 
touches the water. Tf the w'ater remains in 
contact with the paper w ith- 
out perceptible movement for 
20 to 30 minutes the drain 
is sound. If the water is 
observed to fall very slightly 
ill the pipe it may bo due to 
absorption by the cement in 
the joints, and a fresh obser- 
vation must be made. If tlio 
water sinks at all rapidly, or 
continuously, all the joints in 
the drain must be examined 
to find the joint or joints that 
are defective, and any d('fc'c- 
tivc joint must be imuh^ good 
and the test again applied. 

Withdrawing the Air. If the upper end 
of the pipe is formed by a gully or by the pan of 
a w'atcr-closct it is necessary to sec that the air 
is withdrawn from the upper part of the trap, 
or it wall be impossible to fill the pipe. This may 
readily be done by pjissing a piece of bent lead 
piixi — J in. will suffice — under the seal, so that 
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b^omo blocked through any temporary cause, 
so that it is not an unduly severe one. 

Smoke Teat. Tlie smoke test is usually 
applied to new drainage systems to ascertain 
that the ventilation is in proper order. The test 
for this purpose may be made with a smoko 
rocket. This is simply a stout paper cartridge 
filled wHth a special preparation which, on being 
ignited, emits a dense and very 
pungent smoko. It may be lighted 
and placed in the intercepting 
chamber, the lid of which must 
be at once closed. After a very 
short interval the smoke should 
be seen to issue from the top of 
the ventilating pipe, while none 
should l>e seen or &mclt at the 
fresh -air inlet. 

I’liis test is also used for testing the soundness 
of the joints of the lead and iron pipes within the 
building [sec Plumber], for if any of these are 
in the least defective, the very pungent smell of 
the smoke will be at once detected. Tn this case 
the observer should on no account personally 
light the rocket, as, if he docs so, his nose may not, 
after smelling it in the manhole, be suflieiently 
sensitive to detect it in the 
building. Care must also bo 
taken to see that all doors 
and window'.^ are closed, and 
that the smoke, if any escape 
from th(^ manhole, is not 
admitted directly to the 
building at any point. In 
making tliis test every room 
in which there is any fitting 
connected directly or in- 
diii'ctly with the drainage 
sysUuu should be visitt'd. 

This is a useful tost to 
a])ply to drains and fittings 
that are not now, and the 
soundness of which is uncertain. For either 
purpose the smoke is sometimes generated in a 
special box, and forced into the drain under 
pressure by means of an air-])ura]). This ensures 
a slight pressure in the system, arul adds to the 
utility of the test, but it is not necessary when 
the ventilation alone is to be tested. 




chemicals is placed through two eyes, and 
held in position by an clastic band. The cord 
attached to the ball when the ferret is to be used 
is placed in the slot below the tube, and the 
ferret can bo inserted under the seal, and will 
float on the drain side of the trap. A sharp 
jerk of the cord j^ill snap the tube and scatter 
the contents in the water, upon which the 
fumes will be generated ; if any defect exists 
in the pipes or fittings the smell will be detected. 

The Cleansing of Drains. Even self- 
cleansing drains are liable to some fouling, 
and should hav(i occasional attention. In case 
of an actual stoppage of the di’ain, notice will 
probably be given by the overflow of 
one or more gullies. If the stoppage is 
ill the intercepting traj), and the cleans- 
ing eye is accessible by means of a 
chain, as recommended, this shoufd be 
at onc(‘ removed. This will allow most 
of the water hi‘ld U]) in the system to 
escape ; the remainder must be bail(‘d 
out, unless the stofipage can be rt*- 
nioved otherwise. 1 f a stopjiagc occurs 
at soiiK^ iiilcnnediate point, cleaning 
rods are used |54]. They arc long rods made up 
of short lengths, whicli can bo scrcAved together 
to inak(^ any re(juir(‘d Ic'iigth. The point of 
stoppage is located from tlui manhole abovc^ or 
below it. If the rods can Ix^ work(‘d from the 
manhole above, the phoujer is fixed to the end of 
the rod, and tlio obstrnetion is jjushed down 
the pipe' to the next rnanhoh*, and removed. 
If tli<^ upp(‘r manhole is inaeeessilile from being 
charged with sewage, the double avrnirscrein is 
fixed to the top of the rod, passed up from 
below, and screwed into the obstruction, which 
may then be withdrawn. 

The scraper may be used for clearing partial 
obstructions in the invert of a drain, 
and the tchecl for exploring a drain 
to locate an obstruction. All traps 
having containers for gravel or similar 
material require periodical cleansing, 
or the trap itself may be blocked. All 
traps with gratings rcipiire to be 
cleared of leaves or other obstnielioiis 
regularly, especially in the autumn. 

It is desirable to flush out drains 
from time to time, but it is useless to 
do this from a small hose, which will 
never fully charge the pipe. If there 
is no flushing-tank, a large tub, holding 
50 gallons or more, should be filled 
and emptied rapidly into the top 
manhole. This will fully charge the 
outlet and flush out the drain. 

Drainage of Complicated Buildings. 

It has been necessary in dealing with this subject 
to illustrate the work by plans of a riot unusual 
though not very simple type, but it may happen 
that in the construction of a large building 
consisting, it may be, of several blocks more or 
less detached — for example, a thoroughly modem 
hospital on an open site — that the drainage of 
different parts must bo dealt with as individual 
blocks, and that a main drain will take the place 
assigned to the sewer. But no new principle 
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will bo involved. Each block so dealt with will 
bo treated as if it were an entirely separate and 
detached building with its own intercepting 
chamber and trap and system of ventilation. The 
main drain receiving the sewage from these 
branches wdll in turn be ]>rovided with an inter- 
cepting cliambcr and traj> to cut it off from the 
public sew'cr, and will have its separate system 
of ventilation. 

Level of Sewers. The most serious diffi- 
culty in dealing with the drainage of any given 
site oc curs when the scuver into which tlic drain- 
ap* is to be taken is at such a level that there is 
difficulty in securing an adequate fall. The level 
of th(* invert of any sewer at any given 
])oint, or at least at every road manhole, 
ean, as a rule, be aseertairu'd by apjily- 
ing to the surveyor or engiut‘(*r of the 
authority controlling the ]mblic sow^cr. 

This should be done in all eases 
wdicrc a basement storey or storeys are 
intended to he introduced, or very great 
difficulties may n^siilt when tlio drainage 
comes to be dealt with. If this is done 
in good time, a little altc'ration in 
the floor levels tiuiy get ovct the difficulty. 
There are districts where the local authorities 
decline to connect any drain from a basement 
storey with the ]>nhlie sc'wer, on account of the 
occasional liability to flooding when the sewers 
are fully chargcxl. 

In ea.seM of this kind, an iron system of drain 
|.>ipes may sometimes be used with great advan- 
tage. for the system can bo rondcTod so entirely 
w'atertight and airtight that the. drains them- 
selves may bc^ exfiosed within the building and 
hang Kus])(‘nded from ceiling of the basement 
storey, so that thcj lowc‘s(, floor, and sometimes 
more, than one floor, may b(» helow' the level it is 
possible to drain ; but care must be 
taken not to ])rovido any kind of 
fitting from which a drain would n«5ed 
to be taken below the drainage level. 

Repairs of Drains. When a 
drain has once be(‘n laid and em- 
bedded ill concrete, it is a troublesoino 
and costly business to take it out and 
rcfilace it. A drain so protected, es- 
})('eially if deeply laid, is not readily 
JOIflTtD disturbed ; but owdng to the move- 
ment of the surrounding soil an 
earthenw'aro drain may under some^ 
eirciimstanee^s bo cracked and cease? 
t o hold water. If the drain is so dis- 

turbed that a pipe is actually broken 
through and shifted, so that the two 
parts are no longer coneentrie, as a 
rule complete ndaying is necessary ; but, short of 
this, it is now possible? by means of special 
apparatus to force liqukl ccme*nt into the drain 
without disturbing it, and .make good the d(?fe^ct 
at a greatly reduced cost. 8uch work, however, 
is in the han^s of spe^cial companies, who possess 
patent rights over the necessary ajiparatus. 

R. ELSEY SMITH 

ERKATA-Page^ 359. Me*.sRr.s. H. C. S/.oroImey 
inform us that tlieir stone liquid is not a soluble) 
glass and contains no silica. 
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fiROUP 15-NATURAL HISTORY • THE STORY OF ALL LIVING THINGS-CHAPTER 10 

Seaweeds. Diatoms. Mushrooms and Toadstools. 

Fairy Rings. Moulds. Yeast and Lichens. 

THE LOWEST PLANTS 


T he plants with wliich everyone is familiar 
mostly belong to the groups which have 
now been described, for these include the forms 
which make up th(^ green covering of the earth. 
Seed-plants, in particular, compel our attention 
by reason of their size, the conspicuous Howlers 
so many of them bear, and, not least, their 
economic importance. 

Tho group of lowest plants, Thnilophjies, how- 
ever, embrace a larger number of species than 
all the others put together, and these are of such 
varied kind that some are to bo found almost 
everywhere. The plant- body is b^chnically 
known as a Ihalius — namcly,an exyjansion which 
is not divided into root, leaf, and stem. The lower 
liverworts, as wo have seen, are in much the 
same case. Thallojihytes are conveniently 
divided into three great groups- Alga*, or Green 
Thallopliytes ; Fungi, or Golourless Thallo- 
phytes; and IJcliens, which are of mixed nature. 

Algae. Though all gre(‘n thalloj)hytes, or 
alga*, possess the ty])ical green colouring mattt*r 
(chlorophyll), regarding which a good deal has 
elsewhere been said, this is in many eases 
obscured by the presence of brown or red 
pigimait, wliieli serves as a shield against ex- 
(a^ssive sunlight. We can therefore speak of 
“ brown ” and “ red ” alga*, as opposed to 
“ green ” alga*, in which the chlorophyll is 
ol>viously ])resent. 

The s(ui weeds which cov(*r the rocks between 
tide-marks are tho best known brown alga*, 
and attract the att<irition of every visitor to 
the seaside. The po])ular name for them is 
“wrack,” and there are many common species 
round our coasts. 

Bladder-Wrack. One of the most 
abundant is bladder-wrack (Fiicw^i t^efiiculosufi)^ 
the forking thallus of which is attached at one 
end, and when covered by the tide is buoyed 
up by numerous air-containing swellings, if a 
small piece of this or any other brown st^aweed 
is placed in alcohol, the brown pigment will 
rapidly dissolve out, and a green liue will be 
fissumed — /.e., tho chlorophyll will becomes 
visible. In winter and early spring the t.ii)s 
of wrack branches swell uj) and assume a 
cllow or orange tint. If such a swelling be 
eld up to tho light, a number of little round 
dots of darker tint will readily be perceived. 
Each of these is in reality a pit, or “ eoncc})- 
tacle,” lined by hairs, some of which are modified 
into egg-organs, sperm-organs, or both (accord- 
ing to the species). Figure ITSshows an enlarged 
view of a section through a female conceptacle, 
containing only egg-organs. Each of these is 
an ovoid body on a very short stalk, and con- 
taining eight egg-cells. The spcTra-brgans are 
minute bladder-uke structures t)ome on branched 


hairs, and giving rise to large numbers of ex- 
cessively minute sperms. Wlu*n a ripe egg-cell 
is liberated, numerous sp(‘rms .are attracted to 
it, and one acitiially fns(*s with it, thus bringing 
about fertilisation. 

Weather-Glasses. Beginning near low- 
water mark ai\d extending some*, distance into 
shallow water w^e find the “ l^aminaria zone,” 
so called after brown seaweeds of that name. 
They are larger and broader than the wracks, 
and the thallus is smooth or (jorrugalial, accord- 
ing to the species. It is tli(*s(* plants which arc 
so often taken honu^ by seasidi^ visitors to serve 
as “ woather-gLasses,” as, owning to the salt 
which clings to thmu, they become damp on 
the approach of rain. 

Brown Seaweeds of Deeper Water. 

Large masses of seaweed arc to he found drifting 
about in the ocean, especially in tho Sargasso 
Sea, a hiigc eddy occupying several thousand 
s(juare miles of tlie North Atlantic. The most 
notahh' form here to h(^ seen is the ” gulf weed ” 
(Sargaff.vo)i hacriferum), which is buoyed up by 
stalked tioats resembling berries in ap])caranee. 
A huge brown seawi*C(l {Afacroci/.sli.'i pi/rifmt)^ 
with pear-shaped floats, native to the non- 
tropieal ])arts of southern s(‘as, attains the as- 
tonishing length of several Inindred feet. Fueus 
and Laminaria .are largely used as manure, and 
under the nanui of “ k(‘l|) ” wtit^ formerly 
employ(‘d in the manufacture of soda. As a 
source of iodine they are (espe(‘ially Laminaria) 
still invaluabk^. 

Diatoms. The almost infinitely varied 
inieroseopio fonns knowai as diatoms, which 
possess flinty coverings of great beauty, may he 
recjkoiied .as tlie humblest of the brown sea- 
weeds. They are to ho found in both salt and 
fresh water, .and even on the surface of damp 
earth. Large tracts of the ocean floor, especially 
in the Antarctic regions, are covered with tine 
“ ooze ” principally composed of their remains. 
Some diatoms are stalked and immobile, but tho 
larger number are free, and, like many of the 
lowest ]dants, jjossess the power of movement. 
When examined under a microscope they may 
be seen gliding along in a very interesting and 
curious fashion [ISOJ. 

The surface layers of the sea and of lakes are 
inhabited by coimiless myriads of diatoms, which 
constitute tho chief food of innumerable minute 
animals, especially the lowly cousins of shrimps 
and prawns. These little* creatures in f heir turn 
are devoured by herrings ancl .many other sorts 
of fish, so that man himself is indirectly indebted 
to diatoms fqr .an important part of his diet. 
And this becomes still more obvious when wo 
remember that oysters, cockles, and mussels feed 
upon these lowly plants wholesale. 


THIS GROUP EMBRACES BOTANY, ZOOLOGY, AND BACTERIOLOGY 
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Red Seaweeds. Most red seaweeds [183] spiral manner, and the .whole plant is encrusted 
inhabit moderate depths in the sea, and are with carbonate of lime. 

unsurpassed for their beauty of form and colour. Towards the end of summer egg-organs and 
Many of them are tom from their moorings and sperm-organs are developed in pairs on the 
cast up on the shore by storms. The reproduc- branches, in association with the “ leaves.” 
tivo processes are too complex to be discussed The egg-organ is brown in colour and of 
here. Some of the rod seaweeds are strengthened ovoid shape, with a spiral covering, and a 
by calcareous matter, and these “ nullii^orcs ” “ crown ” of pointed cells. It contains a 

are repn^sented on our own coasts by branching single egg- cell, to which a passage leads 
forms and pinkish crusts which are to be found down between the crown-cclls at the time 
on rocks between tho tide-marks. “ (Carrageen of maturity. The orange-coloured sperm-organ 
moss” (Chondrus crispus) is a stoutly built, fork- is a hollow sphere, tho wall of which is made up 
ing red seaweed which grows on tho coast of of eight triangular plates, elegantly fluted. 
Britain, and has been used in much the same From each plate sort of “ handle ” projects 
way as isinglass. ” Laver ” is another ediblo inward, and this bears several long threads, 
species, with a fairly broad, branching thallus. composed of a largo number of cells joined end 
It is exposed for sale in {Scotland, and in {South to end. Witliin each of these cells a spirally 



179. Til 10 MALE J-’RUITINU AREA AM) THE FEMALE C'ONCEFrA(;LE UF THE BLADDER- WRACK 
ill nhotoj?ra|jli (ho Hijcrniatozolds nru Hoon in their reroptuclc, and in tho rii?ht arc scon the dark ogg- 

rclls fertilised by tho spcrniatozoids. These inicrophotographs and others on these pages arc by Mr. J. J. Ward. 


Wales is mixed up with dough and baked into sh^ljed sperm is produced, one end of which is 
a sort of bread. provided with two long, whip-liko threads of 

Green Algae. While red algie are almost hving matter (protoplasm), the lashing move- 

exclusively marine, the green ones abound both ments of which propel it through the water, 

in salt and fresh water. None of them are of The ripe sperm-organ falls to pieces, and the 

great si/.ti, and largo numbers are microscopic innumerabhi sperms developed within it swim 

[181-21. {Some of the larger forms are to bo seen away. Fertilisation is effected as usual, by the 

between tide-marks, sueli as “ sea lettuce ”( fusion of the sperm with the egg-cell. Tho 
in which the flat thallus is of a brilliant green, fertilised egg-cell, surrounded by its spiral in- 

and Enitromorphi, made up of tufted liollow vestment, falls to the bottom of tho pond, and 

threads. The group may perhaps bo best remains dormant during the winter, germinating 

illustrated by taking two or three typical species, hi the following spring into a new plant. Chara, 

Chara. Chara is a somewhat anomalous related form (Nitella) whjgh differs from 

green alga, which is often to be found growing hi certain details, have long been employed to 
in dense masses in tho ponds of chalk districts, cl^monstrate the movement of living protoplasm 

It consists of a slendef axis bearing circlets of within vegetable cells. [See Life and Mind.] 

branches, and suggesting in appearance a horse- Spirogyra* Many thread-like green algaj 
tail, though on a much smaller scale. The lower live in ditches and ponds, some attached hy 

end is fixed in the mud by mean% of long, fine one end, and others simply floating. One of the 

root-hairs. Upon the branches are groups of commonest of the latter is spirogyra, which is 

rfender projections, which are possibly to be simply a row of hollow, cylindrical cells, bounded 

regarded as incipient leaves. The axis and its by delicate elastic ceU-walte. Each cell is lined 

branches aro covered by colls arranged in a by protoplasm, and the nucleus is suspended by 
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delicate strands of the same substance in tbo 
central sap-fillcd space. A spiral band of the 
external protoplasm is impregnated with chloro- 
phyll, and in it are to bo seen a number of 
little, rounded bodies ('pyrenoith) concerned with 
the manufacture of starch. 

During spring and summer Si)irogVTa is con- 
stiintly increasing in length by division of 
the constituent cells, and })ieces are fre- 
quently se[)aratcd to form new and distinct 
})lants. But on the approach of autumn 
the process of “ conjugat ion ” takes place, 
which is comjiarable to egg -propagation, but 
is simpler, inasmuch as there is only a faint 
indication of a distinction between egg-eells and 
sperms. The adjacent cells of two contiguous 


favourable winter season, in a similar 
manner to those of spirogyra. 

Fungi, We have already had occasion to 
consider certain fungi which are associated with 
the roots of higher plants for mutual bcnctit, 
but this is a somewhat exceptional habit, as 
many of them (saprophytes) feed upon decaying 
v<‘getabli; or animal matter, while others (para- 
sites) pn^y upon the living bodies of animals or 
otlun* ]>lants. Fungi are conveniently called 
“colourless” thallophytes to indicate the fact 
that thc‘y contain no (‘hlorophyll, in the absence 
of which they are unable to use sunlight for the 
purpose of building up organic substance from 
water and carbon dioxide'. They may, however, 
be of the most varied hues, including green. It 



180. A MAGNIFIED GROUP OF TUB BEAUTIFUL FLINTY COVERlN(iS OF DIATOMS 


filaments scud out processes which meet, fuse 
together, and make a conjugating tube. Mean- 
while, the protoplasm of each cell contracts into 
a rounded mass. One of these squei*zi*s through 
the conjugating tube and fuses with the proto- 
plasm of the other cell, to make a “ resting- 
sporo” [185]. This develops a firm covering, 
and remains dormant through the wint<u’, grow- 
ing into a new plant in the next spring. The 
filaments themselves break up and die. 

Desmids. If, during spring or summer, 
some of th(? mud from the bottom of a i)ond 
is examined under the microscope, it will almost 
certainly be found to contain some of these 
elegant little plants, each of which consists of a 
single cell [184]. Many desmids arc of extreme 
bOaiity, being only surpassed in this respect by 
diatoms, though, unlike these, they are not 
invested by flinty membranes. Some of them 
possess the power of movement. Desmids — and 
diatoms, also — conjugate in pairs to form 
rcsting-spores; which tide over the un- 

IB D 88 


would need a complete treatise to do justice to 
the wealth of forms included in the group, so 
we must content ourstdves with considering a 
few of the cominoner or more interesting 
ty]K‘s of fungi. 

Mushrooms and Toadstools. The 

actual mushrtx)m or toadstool ])lant consists of 
a mass of branching fibres, which ramify in tlu^ 
curface layers of the soil, and constitute what is 
technically known as the myreliumt or, in popular 
language, the “ spawn.” This gives rise to the 
stalked spore -producing structure which is seen 
above ground, and which is made up of closely 
interwoven and comptq'tcd threads. When fully 
developed, the under side of the expaiuletl 
top of a mushroom or toadstool will be seen to 
1)088088 a hpge number of radiating plates, or 
“ gills,” on the surface of which the dustlike 
spores are produced in immense numbers [178j. 
The gills vary in colour Avith the species, being, 
for instance, in the edible mushroom, pink, 
brovm, or black, according to age. 
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181 . UNICELLULAR ALG-®, GLOEOCYSTIS 



182 . A TEESH- WATER ALGA, DUAPARNALDIA 
Showing ita threads of eella supported on apeeialiscd 
large cclla 



A thin section through part of a gill, when 
examined under the microscope, will show 
that the surface layer is made up of closely 
packed, club-shaped cells, drawn out into pointed 
projections, the ends of which swell up into 
spores. These are so minute that they are 
readily dispersed by the wind, and germinate into 
new plants under favourable conditions. The 
fairy rings of our meadows arc due to the gradual 
outward extension of an original clump of toad- 
stools, the central patch being bare as a result 
of exhaustion of the soil. 

Sponge Toadstools and Puff-Balls. 
The sponge toadstool (Boletus edulia) looks 
like a clumsily built brown-tipped mush- 
room. Instead of gills, however, we find a 
spongy mass made up of elongated tubes lined 
by sporo-produeing cells. A stalkless member of 
the same group (Folyjwrus) is often seen as a sort 
of semi-circular plate projecting from the trunk 
of a tree or a decaying gate])ost. One species is 
used for preparing tinder. 1’ho “ dry-rot ” of 
timber is duo to another toadstool which is a 
meinlxTof tins group. Puff -balls are closely related 
to toadstools, but tlie spore- producing bodies 
are quite dilTorently shaped, being rounded 
structures within which spores are developed, 
to be liberated at length by the bursting of the 
mature puff-ball. 

Morels and Truffles. These differ 
from the preceding \n that their spores are 
developed within tubular cells instead of pro- 
jecting freely from the surfjwe. The spore- 
producing body of the edible morel (JlelvelUi) is 
elub-shaped, the swollen part being yellow in 
colour, and its surface studded with projections. 

Truffles live entirely utidtTground, where 
their 8porc-produ(!iug bodies arc developed as* 
tub(*r-like thickenings. Tlioy possess a charac- 
t<iristic odour, and, as is well loiown, are hunted 
out with the aid of pigs or dogs. 

The best-knowm edible forms are mushrooms 
(Boletus edulia), a large speck's of* puff-ball 
(Lycoperdon deliciosum), morels and truflle.s, 
but many othera arc eaten. It unfortunately 
happens that numerous species are virulently 
poisonous; and as some of these closcl}'^ resemble 
edible forms, it is wisest to refrain from making 
gastronomic exi)eruiient8 on tlio group, unless 
the advice of a s]jecialist is available. 

Moulds. It is a familiar fact that jam. 
cheese, broad, fruit, and many other articles of 
food, as well as leather and so forth, are liable 
to become “ Tuoiildy ” if kept in a damp phujc. 
This is because they have boon infected by the 
sjmres of the lowly fungi known as “ moulds,’* 
of which a great variety are known to botanists. 

Green Mould (Penicillium ghthyum). This 
common form is often to be seen on oranges 
and bread, among many other things. The 
plant-body, or mycelium, is made up of exces- 
sively dclicato branching threads, some of which 
grow into the air and assume the form of antique 
candelabra, the branches of which give rise to 
rows of spores that are disseminated by 
the least breath of air. A more complicatea 
process of reproduction, involving fertilisation, 
has also been described. The blue mould 
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(Aspergillus) of cheese is broadly similar, but tho 
spore- bearing branches end in swellings, from 
which numerous long chains of spores radiate. 

White Mould. White mould (Mucor) is 
often to be seen on bread and liorsc-dung. The 
mycelium is made up of whitish, cobwebby 
fibres, from which long s pore-bearing branches 
rise into the air. Kach of these <‘nds in a rounded 
swelling [186], within which numerous 8])orcs are 
produced. There is also a process of conjugation 
between specialised mycelial branches, by which 
resting-sporcs with firm investments are pro- 
duced. These arc able to nunain dormant for 
some time, and thus enable the fungus to combat 
unf a vou ra ble su rrou nd i ngs. 

All the fungi so far described are saprophytes, 
which live upon dead organic mat ter ; but some 
of the moulds infest living plants, such as 
cereals, ])eas, and vinos, ilcsides tluisc there are 
many other parasit-ic forrns, which are described 
in the chapter on “ Plant JVsts.” 

Yeast. If a little yeast is (‘xamined under 
a strong power of the microscoi)o it will bo 
found to contain innumerable ovoid yeast- 
plants, each consist ing of a tingle cell and repro- 
ducing for the most i)art by a process of budding. 
Under favourable conditions a yeast-plant tnay 
become a. sponvease, within which are d(^vcIoped 
four 8])ores that are able to remain in a state of 
suspemh'd animation for a long time, should tho 
surrout\dings still Ixi adverse. Tluy are so minute 
that they can be blown by tho wind for great 
distances, and some of them are likely to reach 
a spot whore circumstances are in their favour. 

Alcoholic Fermentation. The most 
roniarkablo fact in regard to the vital proe(»sses 
of yeast is that when placed in a sugar-containing 
solution it is able to break up the sugar, with 
production of alcohol and carbon dioxides 
This “ alcoholic fi*r mentation ” is clearly of 
great economic im|)ort.iuco. It is the production 
of gas by the yeast whitdi is mixed with dough 
that causes tlie hr<*ad to “ risc> ’■ — that is, to 
become of s])ongy texture instead cf remaining 
dense and tough. 

Lichens. The familiar plants known as 
licliens arc found everywhere, in the form of 
variously coloured crusts on rocks and walls, 
tufted growths on tlui trunks of trees, and so 
forth. As already mentioned, a lichen is a joint- 
stock company, consisting of an alga associated 
with a fungus, both of which can clearly be seen 
in a thin section })lac(;d under the micro.seoj)e. 
»Spores developed in club-shaped cases an; 
produced in special, cup-sha])cd outgrowths, or 
it may bo thickened projections. The spore - 
cases are the result of growth subsequent to a 
process of fertilisation. 

Two lichens are of ])articular economic 
interest. One of these is the s()'Call(5d Iceland 
moss (Cctraria Islamlicji), which is used as a 
food in Iceland, and was formerly valued as a 
remedy for chest diseases. The other is reindeer 
“ moss ” (Cladomarangiferim),ot high latitudo.s, 
which during the winter forms the almost 
exclusive food of the reindeer. 

J. R. AINSWORTH-DAVIS 
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185. IILAMENTS OP Sl’lROOYRA 
Showing Iho conjiigjitioii of oils, jiiid, on I In* rlglit, tho 
coinpk'tod roMting-spoiTM. 



\ 

^ 

186. WHITE MOULD — MUCOR MUCEDO 
Showing the spore-cuBcs 
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Properties of Alternating Currents. Alternators. Armatures 
and Magnet-wheels. Questions of Lag and of Phase. 


THE ALTERNATOR 


Alternating Currents. Eloctric currents 
supplied from a battery arc described as con- 
tinuous currents because they flow continuously 
in one direction around the circuit. But 
there is another kind of electric current, 
which has the property that, instead of flowing, 
in one direction along the conducting wire, it is 
continually flowing backward and forward in 
rapid alternations of directions. Such currents 
might be called oscillatory or undulatory ; 
but the accepted name for them is alternating 
currents. They are much used for long-distance 
transmission work. A part of the City of London 
is supplied wit h electric energy from a general ing- 
station at Bqw, five miles away. Tlie current 
is at one instant flowing between Bow and 
London ; at the next instant it stops, and (hen 
reverses in its direction ; then stops, and 
reverses again, and flows in the original direction, 
and so on in rapid succession, reversing actually 
100 times a second. Two such reversals con- 
stitute one cyrle^ and the lime occupied by 
one eydo is called one 'period. So that in this 
case there is a frequency of 50 cycles per second, 
or the period of the current is of a second. 
Frequencies of 100 cycdcs per second wore 
formerly used for electric lighting, but a fre- 
quency of 50 is now preferred ; while for special 
power-plant (as at Niagara) the lower frequency 
of 25 cycles per second is ado])ted. 

Alternating Volt- 
age. In order to 
cause the current to rush 
forwards and backwards 
50 times a second it is 
clear that the electromo- 
tive force which is apjflicd 
to generate the current 
must itself bo alti^rnating 
with the same frequency 
— in each second there 
must be 100 (‘Icndromo- 
live impulses, 50 of thorn 84 . maonet-wiieei,, 
tending to drive the 8-poi.e 

current forw^ard, and 50 

of them tending to drive it back. How shall 
this be accomplished with so great a rapidity ? 
How can the revolutions of a steam-engine set 
up such rapid alternations ? 

Alternating Induction. On page 888, 
on the discoveries of Faraday, we dt'sca ibod the 
inductive effect of plunging the polo of a magnet 
into a coil of wire. It w'as pointed out that 
when the pole is plunged in there is a current 
induced in the coil, and that when the pole is 
pulled out there is a revetse current induced 
in the coil. It is clear that if wo c6uld push in 
and pull out that pole 50 times a secjond we 


should generate alternating currents having 
a corresponding .frequency. But it is not 
necessary that the magnet-polo should enter 
the coil. As pointed out in that chapter, all 
that is necessary is that there should he relative 
movement of the conducting copper wire and 
the magnet-pole, so that the magnetic lines of 
the pole shall bo “ cut ” by the copper con- 
ductors. Consider, then, how wo might* design 
a machine to be driven by a steam-engine that 
would give us this rapid alternating induction 
of voltage. Suppose a number of electromag- 
nets to be fixed upon the rim of a steel wheel, 

with their poles 
pointing out - 
wards, as in 84 , 
and so arranged 
that these poles 
shall be alter- 
nately north poles 
and south poles. 
Then let a coil (F) 
of insulated wire 
be wound upon a 
suitable core (built 
up of iron plates) 
and fixed opposite 
85 . ALTERNATOR, 8-roLB OMc of the magnet- 
poles. (It is as- 
sumed that the olootromagnots fixed on the 
w'liccl can be kept magnetised, as described 
hereafter.) Then, if the magnet-wheel is 
revolved, as its poles fly past the fixed coil there 
will be induced in the coil a succession of 
electromotive impulses that tend to sot up 
alternating currents. For while a north polo is 
coming up, the induction will act one way 
round the coil, and while the north pole is 
retreating and a south pole is coming up, the 
indu<‘tion will act the other way round the 
circuit. 

Frequency and Number of foies. 

Fig. 84 represents the magnet-wheel as having 
eight poles —that is, four norths and four souths. 
In one revolution it will, therefore, induce eight 
alternations or four complete cycles. If a 
frequency of 50 cycles per second is wanted, the 
wheel must bo driven at a speed of 12j^ revolu- . 
tions per second or 750 revolutions per minute. 
If the wflieol had had only four poles it 
would have needed to be driv^ at 1,500 
revolutions per minute to give the standard 
frequency of 50 cycles per second. If wo 
were compelled to use a slow-speed steam- 
engine making only 150 revolutions per 
minute, the magnet-wheel would require 40 
poles. The table on the next page shows the 
relation. 
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Engine-speeds for a Frequency of 50 Cycles 
PER vSecond 


No. of 
Poles. 

(’yeles per 
Rev. 

Revs, per 
Sec. 

Revs, per 
Min. 

2 

1 

:>o 

3000 

4 

2 

2:. 

l.'^oo 

r> 

3 

i()» 

1000 

8 

4 

i2i 

7r>o 

10 

fi 

10 

000 

12 

0 

H 

r>(;o 

20 

10 

r. 

300 

30 

If) 


200 

40 

2(» 

iii 

l.^>0 

00 

30 

U 

100 


8uoh high speeds as UXH) rovolidions per 
minute or more are suitable only for steam-tur- 
bine driving. The frequency (/) can be calculated 
.from the rcvolutioiis per minut(5 by dividing 
the latter by GO and then multiplying by the 
number of pairs of pohvs. Thus, a lO-pole 
machine ruiming at 72r3 revolutions per minufo 
will give a frequency of GO cycles per second. ' 

Armatures for Alternating Gene- 
rators. When it is desired to generate high 
voltages, not only must thi^ magnet-])oles be 
such as to furnish an adccpiate flux of mag- 
netic lines, but therti must be a suftieiently 
largo number of turns of copj)er wire in the 
coils that are to bo act(‘d on inductively by the 
revolving poles. In 84 only one coil is shown. 
But if, as in 85, tlu're an* [)rovided as many 
coils as there are poles, and if the coils are so 
spaced out that at the instant when one of them 
is opposite a ])olo all t he others arc also opposite 
the res])ectivo poles, then they will all work 
tog(‘ther, and'may be connected up into seru's 
as one winding. 8uch a group of connected 
coils, together with the laminated iron cores on 
which they are wound, and the frame's in which 
they are held, will be called the; armature of the 
machine. As it usually stuTids still, such an 
armature is also called a stator. The coils must 
be so joined up that the currents circulate. 

Alternators. The entire; machine, consist- 
ing of fic'ld-magnct and armature', is calbej an 
alternating current generator, or alternator. W'e 
have seen that it may be re'garded as evolved 
from Faraday’s original aj>paratus. It is made 
in many sizes, from the little magneto ringers 
used in tele|)hone work for ringing the calling-up 
bells, tojuigc; geu(*rators 20 or 30 feet in diameter, 
requiring several thousands of horse-power to 
drive them. 

It is easy to calculate out from the constructive 
data of a machine, and the speed at which it is 
driven, the voltage at wdiicli it w^orks ; for the 
voltage it generates is proportional to its speed, 
to the number of its poles, to the number of 
coils in series on its armature, and to the flux of 
magnetism in any of its poles. The formula by 
which to calculate the voltage is 

E - A; X / X Z X N 10« 
where N is the number of lines in the flux from 
any one pole, Z the number of conductors or turas 
in series with one another in any circuit of the 
armature, / the frequency, k a coefticient 
depending on the shape of poles and distribution 
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of the windings {k is usually of the value 2*2), 
E the voltage of the; alternator, and is the 
numerical factor to reduce to volts, becaus(‘, 
as explained on ])age 1152, to create one volt 
there must be 1(X),000.(XK) magnetic linos cut 
per second. 

As an example, suppose this 8-pole alternator 
[851 Id run at 750 r(;volutions per minute, 
and to have 36 turns on each of the eight 
armature coils, and 3i millions of lines as its 
pole-flux. As (‘ach of the eight coils has 36 turns, 
Z will equal 576. If it run at 750 revolutions 
per minute, this is 12.V revolutions per second, 
and with four j)airs of poles in the circumferenct; 
the frequency w'ill obviously be 50 cycles per 
second. Then, taking k — 2*2, we have : 

E -- 2-2 X 50 X 57G x 3,5(X),(X)0 -- 1(X),0(X),000, 
or, working tin; arithmetic, 

E -- 2217 0 volts. 



86. TWO-l’HASE “a” TYI'E 30-pole ARMATURE 


Types of Alternators. There are throe 
leading types of altt'rnators — namely, (A) 
small machines, having stationary field-magnets, 
resembling the field -magnets of multipolar 
dynamos, and with revolving armatures ; (B) 
large machines, with revolving magnet- wheels 
(as in 85) and stirtionary armatures; ((-) high- 
speed machines, for steam-turbine driving, 
having external stationary armature's and 
internally revolving field- magnet systems of 
peculiar construetion.# There is y(‘t another 
type, not much seem now, in which the armature 
stands still, and the mapictising (;oils of tlic 
field- magnefi also stand still, the only thing that 
revolves being masses of iron fastened to a shaft, 
and which, when they nix; magn(;tised, act in- 
ductively. These are called inductor alternators. 
Alternators of the A type, with revolving 
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armatures^ require sliding contacts to connect 
the revolving coils to the external circuit. 
These sliding contacts are made by connecting 
the ends of the armature winding to insulated 
metal rings, known as slip-rings, fixed on the 
shaft. Against these metal rings press collecting 
brushes of metal or carbon. Any single-circuit 
alternator of this type will require two such 
slip-rings. But there ^ire machines with three 
circuits, called three-phase alternators, which 
require three slip-rings, and two-phase alter- 
nators with four slip-rings, as 86. Owing to the 
difficulty of satisfactory insulation of revolving 
windings, if high voltages are , 
required it is much preferable to , 
employ machines of the B type, | 
with stationary armatures. 

Revolving Magnet-wheels. 

As w’C have seen, these atruoturcs j 
present a act of radiating poles. 

The pole-cores arc sometime^ of 
solid steel, sometimes built up of 
steel stampings, but, in any case, 
they must be stoutly 8ecurt*d by 
dovetails or by bolts to the rim of 
the foundation wheel ; and this is * 
often made of immense thickness 
to serve also as a fly-wheel. i 

Fig. 87 shows such a magnet- ’ 
wheel separately. To magnetise 
the iK)les, the projecting iron cores i 
are wound witli massive coils, 
usually composed of copper strip | 
about one inch broad and one- 
tenth inch thick, wound edge wise. 

The* magnetising current must bo 
brought from a continuous current 
machine, called an exciter; and, as 
it must be brought to the revolving 
structure, sliding contacts arc neces- 
sary, two slip- rings being fixed on ' 
the shaft to receive the exciting ^ 
current from the contact- brushes i 
and to convey it to the magnetising | 
windings. Tliese slip-rings are seen 
illustrated in 87 ready to bo fixed 
upon the shaft. \ 

A smalk^r magnet-wheel with | 
eight poles is shown in 88 ; in this ^ 
case the slip-rings are attached, and " 

their connection to the exciting coils on the 
poles is clearly shown. 

Stationary Armatures. The core-body 
of a large slow-specd alternator is a great ring 
built up of thin stampings of soft steel jor iron, 
fixed in a strong cast-iron liousing. The coils, 
previously shaped on w^ooden formers, are 
inserted in slots in the peripheral face of tin; core, 
and arc fixed in with wooden wedges. . When the 
magnet-wheel is in its place, and revolving, the 
magnetic fluxes from its*polcs swet^p past these 
coils and induce electromotive forcevs in them. 
One of the largest of these machines is of 8000- 
horse power, running at 75 revolutions per 
minute, in the Manhattan station at New York. 
It is about 30 feet in diameter. But smaller 
machines of greater power for driving with 
steam turbines at high speeds have been built. 
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Tho Parsons Company have just completed 
for the Commonwealth Electrical Company of 
Chicago a turbo-alteniator, which is not only 
one of the largest but promises to bo the most 
economical machine of tho type yet constructed. 
It not only exhibits tho advance made in the 
efficiency of electric generators, but also shows 
that this country is still in the forefront in 
this branch of engineering. The turbo-generator 
i.s of 25,(X)0 KW output when working at 750 
revolutions per minute, the frequency of the 
three-phase current being 25 periods per second, 
and the voltage 4500 volts. The guaranteed 



87. SlXTY-rOLK MAONET-WHEEL OF ALTERNATOR 
the steam cona\imption at normal load is 11 J lb. 

per kilowatt-hour, with steam at 200 lb. pressure 
body superheated to the extent of 200° Fahr. This 
ring equivalent to a consumption of 8*15 lb. of 
ron, steam per h.p. delivered- a record,* even for 
oils, marine practice. Some idea of tho size of the 
are generator may be gained from 93. 

;ore, Wave-form of 

the Consider, in detail, how an alternating elcctro- 
the motive force, or an alternating current, varies 
hese within one cycle. Tho impulse begins, it increases 
lem. in strength up to a maximum, then it dies away 

[)00- to zero, reverses, increases, in the opposite 

per direction, to a negative maximum, and finally 
ork. dies away to zero, to begin a new cycle. If we 

iller divide the period of one cycle into quarters, we 

vith see that if the operation is symmetrical the two 
It. maxima — ^positive and negative — will occur at 
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the eYid of the first and third quarters. To current in the wire ; 
represent such variation in detail, it is usual to and mechanical, of 
depict them graphically in a wave-diagram, such these squan^s ; and tli 
as 89 (a), in which the horizontal measurement as to read in proport ic 
from loft to right represents an ever-increasing mean expansion. It 
time, and the vertical height above or below the an alternating Iiot-wi 
level line represents the particular value of the on tlu^ scale marked 
impulse from instant to instant’. point to which the pc 

Fig. 89 {a) j-epresents the impulse as going heated by 10 actual 
rather suddenly to its maxima, which are in the And if an alternatin|> 
form of peaks. The shape of the curve which of such a strength th; 
represents the periodic variations in the induced to the same spot — th 
voltage is called the wave-form of the alternator. same extent — such 
If the coils of the armature have a span equal amperes, and ought t( 
to the pole-pitch, and are concentrated in narrow be varying between 0 
slots in a core of smooth periphery, the wave- way or the other. ^'1 
form of the alternator will depend only on the read is therefore call 
shape of the magnet-poles. If these are pointed, adjective virtual (Fn 
the wave-form will be peaky ; if they are broad “ quadratic mean.” 
and blunt [89 (b)] the wave-form will be rounded, A numerical exam] 
or rounded with flat toM. Narrow poles generally Supposes that a curre 
cause peaky waves. Wide slots in the periphery of G and -- (> ampc 
of the armature core cause distortions that show value ? If 90 reprei 
themselves as ripples on 

the outline of the wave- 

form. TJius 89 (c) is the 
wave-form of the altcrnat- ^ 

ing voltage supplied to 
the town of Carlsruhe. 

Virtual Value of 

age. Suppose an alter- ^ 

nating voltage to vary jg||g||M|| 

during the from 0 ! 

up I 

back to 0, then to 200 i 

volts finally back to ‘ 

value a 

will to the 

mean or average in the | 

ordinary sense, for the gg. ji^volvino magnkt-whekl, 8-poi.e, of 


average taken from the sm^l alteunatob, s 
beginning t-o the end of 

the period is clearly zero. Neither will it do to 
take the average during half a period. What- 
ever value is the right one, it will be clearly 
more than 0, and h^ss than 200 ; it will be 
something between the greatest and least 
values. And the value will clearly depend 
on the question whetluT the curve rose in a 
peaky way, or in a round-shouldered way toward 
its maximum. A clue to the correct answer to 
the question may Inn found by inquiring how the 
instruments used as voltmeters and amjxire- 
meters for an alternating supply are constructed. 
If they arc examined, it will be found that they 
indicate a special kind of mean of their own, 
which is neither an arithmetical nor a geomet- 
rical mean, but is a quadratic mean ; or, in other 
words, they indicate the square root of the mean 
of the squares of all the values. It is impossible 
in the short space available to go fully into this. 
But, for example, it may bo summarily pointed 
out that in those amperemeters and voltmeters 
which work on the principle of the expansion 
of a hot wire, the heat at every instant imparted 
to the wire is proportional to the square of the 
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Neither will it do to 4’1(). That is to sa 


current in the wire ; that the inertia, thermal 
and mechanical, of the instrument averages 
these squan^s ; and that the dial is so constructed 
as to read in ])roportion to the square roots of the 
mean expansion. It may be remarked that in 
an alternating hot-wire amperemeter the point 
on th(^ scale marked “10 am|K^res ” must be that 
point to which the point(U‘ goes -when the wire is 
heated by 10 actual amptTes going through it. 
And if an alternating current is sent through it 
of such a strength that it also sends the pointer 
to the same spot — that is, heats the wire to the 
same extent — such a current is virtually 10 
amperes, and ought to l)e called so, though it will 
be varying between 0 and 14 amperes or so one 
way or the other. ^Mie value which instruments 
read is therefore called thii virtual value ; the 
adjective virtual (French efficace) meaning the 
“ quadratic mean.” 

2 \ numerical exam])lc will make things plainer. 
Supposes that a current varies between maxima 
of G and -- G amperes. What is its virtual 
value ? If 90 represent its wave-form, and if 
wo divide the ]K^riod into 
12 equal parts, we shall 
find that wc may r(‘])re- 
, sent the successive values 
' in one cycki as follows : 

0 f 3 + 5 ! G 4- T) -1- 3 + 0 
„3„r,-6-5-3-0. 

I Now write down the 
squares of these num- 
i hers : 

i 0 4-0 -j 25 -f30 I 25 4 3 
H O 4-9 4 25 -H3G H. 25 
' 4- 0 4- 0. 

The sum of llu'so 
scjuares is 208, and divid- 
ing by 12 gives us as the 
1 mean 17 ‘33. Take the 

r- WHEEL, 8 -pole, of ^ 

.WINO TItK SI,IP-BIN(JS 4*: 1C 

mean, or virtual value. 

4’IG. That is to say, this is an alternating 
current of 4TG virtual amperes. 

Virtyal and Maximum Values for a 
Smooth Wave»form. Suppose the varia- 
tions of an alternating voltage or current to follow 
a smooth wave- form — and by this we mean, in 
mathematical language, that they vary as a 
sine-function of the time — then the virtual value 
will be 70’7 per cent, of the maximum, or (lie 
maximum will be 141*4 per cent, of the mean. 
Thus, if a voltmeter reads 100 virtual volts, wc 
shall know that the voltage is actually varying 
between -f 141*4 and - i4l‘4 volts. Or if it 
read 30 volts, we shall know that the value' is 
really varying between 4 42 ‘42 and - 42*42 
volts. If the wave-form bo not sme>oth, the 
maxima will have soiie other ratio to the 
virtual value. 

Closely connected with tliis point is the value 
of the coefficient k that comes in in the design 
of alternators. If the alternator is so designexl 
that it gives a smooth wave- form, the value of k 
will be 2*22. If it is designed to give a more 
sloping curve, the value of k will be loss, or if a 
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more high-shouldcrcd ourvej the value of k will 
be greater. 

Lag and Lead. Every electric current 
is an effect of which the voltage applied to the 
circuit is the cause. If the voltage is an alter- 
nating one, it follows that the resulting current 
will be an alternating current and that At will 
have the same frequency as the voltage which 
causes it. liut there is this difference : that the 
resulting alternating current may not follow 
the alternating voltage in all its details, nor 
docs it always keep in exact step with it. The 



wave-form of the current may differ from that 
of the voltage, being modified by reactions duo 
to apparatus in the circuit. This point need 
not trouble us. But of immense importance is 
the circumstance that the current will not 
necessarily keej) step with the voltage. For 
it happens in almost every actual circuit in 
which alternating currents are used that the 
current Ing^ a little with respect to the voltage. 
J^t us understand what this means and why it 


Fig. 91 depicts two alternating curves, marked 
V and C. If we look at the length on the time- 
lino wo see that the duration of the period of the 
C curve is the same as that of the V curve ; but 
they do not begin together, they do not reach 
their top values together, they do not both die 
down to zero at the same instant. In fact, 
the C curve lags a little behind the V curve ; and 
the amount that the C curve is shifted to the 
right with respect to the V curve marks the 
amount, in time, that one lags behind the other. 
This is a typical illustration of the way that the 
current C habitually lags behind the voltage 
V. The circumsfance under which such a lag 
of the current occurs is whenever the circuit 
contains any coils that will magnetise. If any 
electromagnet, or any coirwound round an iron 
core, is inserted in the circuit, then the current 
on its way round the circuit must lujcessarily 
do some magnetising. AVhile the current rises, 
the magnetism must grow ; while the current is 
dying away, the magnetism must die. This 
growth and dying of the magnetisnouin the circuit 
itself set up self-inductive reactions, with the 
result that the current cannot grow up as quickly 
or as soon as it otherwise would do, and cannot 
decrease or die away as quickly or as soon as it 
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otherwise would die. So it is compelled to'lag. 
In other words, the lag of current is duo to the 
self-induction in the magnetising coils in the 
circuit ; and the self-induction not only causes 
the current to lag in time, but it is actuallv 
choked in amount : it cannot rise to so high 
a maximum as it otherwise would attain to if it 
were governed by the mere resistance of the 
circuit. 

As a matter of fact, there is another case 
where the current is forced to occur earlier — that 
is, to lead instead of to lag. This occurs when a 
condenser, or anything else having electro- 
static capacity, is introduced into the circuit ; 
but this is not the place to enter on this question. 

Difference of Phase. There is another 
way of regarding this question of lag. The 
amount by which the current lags behind the 
voltage is a small fraction of the whole time 
of one period ; and for certain purposes it is 
more convenient to think of it as a fraction 
of the period. No current can be so much 
retarded by self-induction as to lag as much 
as ono-quarter of the whole period. Now, as 
the periods of alternation recur in regular 
succession, like the revolutions of a uniformly 
revolving wheel, it is found to be a convenient 
way of describing the amount of a lag to say 
to how many degrees of an angle it would 
correspond. For example, suppose the frequency 
to bo 50 cycles per second. Then one period 
lasts -Jjy of one second. Now suppose the current 
were caused to lag, say, of a second behind 
the voltage — that is, of a whole period. 
If wo regard one period as a revolution once 
round a circle, or 360°, then ,*.r of this is 
and we might describe that current as having a 
30” lag. As remarked above, the current can 

never lag more 
than 90°, that is 
I period, behind 
its voltage. 

Now, this me- 
thod of employing 
the language of 
angular measure- 
ment to describe 
90. WAVK-FORM OF ALTERNAT- convenient 

ING CURRENT another pur- 

pose— namely, to 
describe any difference of phase that there may 
be between two alternating currents. Suppose 
an alternator, such as 84> to be constructed with 
two indcq)endent coils, marked P and Q in 92, 
each wound in a pair of slots in the armature 
core ; but let the slots be displaced, so that 
coil Q is fixed a little further to the right than 
coil P. Clearly, as the magnet-wheel revolves, 
it will set up two alternating voffages in these 
two coils, and if the coils have the same number 
of turns they will be equal, and certainly of the 
same frequency. But the voltage in Q will occur 
a little later than that in P, simply because Q 
is a little further on. So here we shall have the 
generation of two equal alternating voltages 
having a difference of phase beiween them. 
And this phase difference can be expressed also 
as an angle. For if Q is displaced from P by 



an amount equal, say, to one-third of the 
pitch from one north pole to the next north 
pole, as measured round the periphery of the 
armature face, then the Q voltage will lag one- 
third of a whole period behind the P voltage, 
or there will be a difference of phase of 120^ 
between the P voltage and the Q voltage. 

Two-phase. If, as in 92 , the Q coils are 
displaced exactly one-half of the pole-pitch 
from the P coils, then the difference of phase 
between the P voltage and the Q voltage will 
be one-quarter of a period. Any alternator 
wound with two independent sets of coils in 
two phases that are thus one -quarter of a 
period apart, is called in Europe a tioo-phase 
machine. 

Three-phase. It may be remarked hero 
that one might build an alternator with several 
different sets of coils, say, a P set, a Q set, 
and an R set, each displaced beyond the other 
so as to give rise to three separate voltages 
that differed successively in phase from one 
another. The well-known three-phase system 
of currents is nothing more or less than a 
system of three separate alternating currents 
which are in this way made to dilfer from one 
another in phase by successive angles 
of 120°. Tnis system is dealt with in 
a later chapter, the ])resout one not 
going beyond single-phase working. 

Power-factor. Returning to the 
lag of a current behind its own 
voltage, we come to a point of vital 
importance in connection with the 
'jKiwer of alternators. When a (‘urront 
lags and gets out of phase with its 
own voltage, then just so far as it 
gets out of phase it ceases to be 
effective. For the j)ower fset' p. 234 j g 

which it conveys is the product of the 
volts and the amperes only so far as they act 
together. Wo come here upon a strict analogy 
with a most important principle in mechanics — 
namely, that the work done by a force in 
producing a movement — usually stated as the 
simple product (in foot-pounds) of the force 
into the distance through which the body 
has movcd~^is not ^ 

true unless the 

force and the re- 
sulting movement 
are in the same line. 

If the movement j 
is constrained and j 
takes place in | 
some direction at 
aa angle with the 
force, then the 

. ALTERNATOR COILS IN 

longer the product phasfs 

of the foot and the ^ phasl.s 

pounds ; it will bo less than that product. The 
true amount of work can bo calculated, as every 
student of dynamics knows, by multiplying the 
apparent number of foot-pounds by the cosine of 
the angle [see Tbigonometby, in Mathematics] 
between the direction of the force and the lino 
of movement. Those who are unfamiliar with 
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trigonometrical terms will find the following 
simple table useful : 


Anglo 

Cosirie of 
Angle 

Power- 
factor, In 
Pcrcon- 
tages 

Sine 

of Anglo 

Idle Cur- 
rent, in 
Percen- 
tage* 

0° 

1 

100 

0 

0 

5" 

0-0062 

00-62 

0-087-2 

8-72 

10“ 

0-0S48 

98-48 

0-1737 

17-37 

15“ 

0-0650 

06-59 

0-2588 

25-88 

20“ 

0-9307 

03-07 

0-3420 

34-20 

25'’ 

0-0063 

00-63 

0-4226 

42-26 

30“ 

0-H660 

86-60 

0-5000 

60-00 

35“ 

0-8190 

81-00 

0-5730 

57-36 

40“ 

0-7660 

76-60 

0-6428 

64-28 

4.5“ 

0-7071 

70-71 

0-7071 

70-71 

50“ 

0-6428 

04-28 

0-7600 

76-60 

55“ 

0-5736 

67-36 

0-8190 

81-00 

60“ 

0-.5000 

50-00 

0-8660 

86-60 

65“ 

0-4226 

42*26 

0-9063 

90-63 

70“ 

0-3420 

34-20 

0-0397 

03-07 

7.5“ 

0-2588 

25-88 

0-9650 

06-59 

80“ 

0-1737 

17-37 

0-0848 

98-48 

85“ 

0-0872 

8-72 i 

0-0062 

99-62 

00“ 

0-000 

0-00 

1-000 

100 


Thus, if a force equal to the weight of 50 
pounds, acting obliquely at an angle of 40° with 
the lino of movement, produces a moYomemt 
of C) feet, the number of foot-pounds of work 



P 
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U LAO BETWEEN VOLTAGE AND CURRENT 

done will not bo .300, because only a component 
of the force is in the line of moveiuent. The 
true amount is found by multiplying the 300 by 
the cosine of 40°, namely, 0‘70(), making the 
true amount of work done ,300 x 0*766 — 229*8 
foot-pounds. 

In the same way, if a current is out of phase 
with its voltage, the true power in uxitts face 
p. 2,34 1 will be less than the number of volt- 
amperes of apparent pou er ; and the true vmUs 
can bo calculated by multiplying the volt- 
amperes by the cosine of the angle of lag. 

Thus, for example, lot a current of 20 (virtual) 
amperes be sent round a circuit by xin (?I(*(?tro- 
motive force of 100 (virtual) volts, and siipjaxso 
that the current lags by .30°, then the apparent 
power is 2,000 volt-ampere.s. But since the 
cosine of 30° is 0*866, tlie true power is only 
1,732 watts. 

Wo may put this intp a rule as follows ; 

True power — volts x amperes x p)Wi'r-fncior. 

It is for this reason that the co.sino of the 
angle of lag is usually ternujd the power- factor. 
Tile usual lags occurring in practice are : For 
incandescent lighting, 16° to 20° ; mixed arc 
and incandescent lighting, ,30°; induction motors, 
largo, 35° ; induction motors, small and not 
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well loaded, 55® to 60^^ ; choking coils, 95° ; 
synchronous converters, 0° to 10°. 

Idle Component, Bo far as the current 
is out of phase with its voltage, so far it is 
unable to bo productive of useful work or to 
convey ])Owi‘r. I'o understand this wc may 
again resort to the arialogy afforded by the similar 
case in dynaniios. It is a welbknown ^ 

j>rinei[)lo that a force does no work, v o -i ii) 
spends no energy, if it acts at right CxVO -f-30 
angles to the lino of movement. No power or 
energy is required to deflect a bullet from its 
])ath, ])rovided the deflecting force acta always 
at right angles to that path. The earth exercises 
an attractive force on the moon to keep it in its 
orbit, but expends no power or energy on doing 
so, because the direction of the force is in quadra- 
t lire w ith the direction of the mot ion. An oblique 
force can always bo regarded as resolvable into 
twocom[)onents, one inline with the motion (this 
is the working component), the c -:i o 

other at right angles to the V o m 

motion (this is an idle component). ^ 


of this current will be 4*16 amperes. Now 

suppose the voltage to vary between maxima 
of -f- 20 and - 20 volts in the following cycle, 
the virtual value being 14-1 : * 

0 -I- 10 +17 +20 +17 +10 0 -10 - 17 -20 - 17 -10 0 

Write them down one below the other, and put 
the products at each instant underneath, thus : 

+ r* -b 0 + 5 I* :i n -- _ r> - 6 - r> -so 

H-17 + 20 +17 +10 0 - 10 - 17 - 20 - 17 - 10 0 

+85 -1 120 +85 \ ‘M) 0 -I- 30 +85 +120 +85 +.‘10 0 

Adding up the products, w^e get 700, andj divid- 
ing by 12 to take the average, we find the mean 
product to be 58 watts. This practically agrees 
with the volt-amperes ; for 4*16 xl4-l — 58-6. 

Now, if W'o suppose a lag of the current to 
take place, w^e must shift the numbers on 
accordingly. Suppose there is a lag of 30®. 
This means that the current figures must all bo 
shifted on by one-twelfth of a cycle— t fiat is, -one 
place out of the twelve, tliiis : 

f :i + 5 I- « + 5 +3 0 - :i - 5 - c, - 5.-2 

i 17 + 2(1 -1- 17 -1 10 0 _ in - 17 - 20 - 17 - 10 0 

[-51 -1 100 -I 102 +50 0 0 -! 51 -4-100 i- 102 ! 50 0 


Wattless Current. So with the allcrnating 
current. We may consider it, in fact, as if 
resolved into two conqiononts, one conqionont 
in phase witli the voltage, the oilier component 
at right angles (in the sense of 90® of lag) to the 
voltage. Tile former is the working component 
of the current, being tlie component that 
possesses the power, and jiroportional to the 
cosine of the angle of lag. ^J’he latter is the 
idle component, or watlk^ss component of the 
current, W'hicli conveys no energy, because of 
its being in (piadrature with the Voltfige. It is 
jiroportional to the sine of the angle of lag. The 
two last columns of f-ho table give the corre- 
sponding values. If we take as illustration 
the same case as before of a current of 20 


Adding uj) and dividing by 12 as beforo, we now 
fiiul tlie mean power to be only 51 watts. But 
this agrees w ith what was said above ; for to find 
the true w^atts we must multiply the volt-amperes 
by the power-factor, which is the cosine of the 
angle of lag. Now\ tlie cosine of 30°— 0-800. 
And 4 ‘10 x14-1 x 0*800- .^0-8, which gives practi- 
cally the same result as lliat deduced by the 
process of averaging. 

Anyone Avho doubts that, W'bcn the lag is 
90° there is no power, slioiild verify it by shifting 
the current figures till the maximum comes 
opposite the zero of the volt series, and then, 
having formed the products in the manner 
indicated above, taking the moan. The matter 
will then be clear. 


amperes lagging 30° in phase behind its 
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voltagi*, w'o see, by reference to the table, 
that the sine of .30° is 0-5, and therefore 
tliat Ihero w'ill be 50 per cent, of idle 
current ; that is, thougli the current is 20 
amiieres it acts as though 10 amjieres were 
idle or wattlcl^s. In fact, the two com- 
ponents into which the current is split up 
are projiortional, one to the sine, the 
otlicr to the cosine of the angle ; the 
working component is 20 x O-SOO - 17*32 
amperes ; tlie idle component is 20 x 0*5 
— 10 ampoies. If wc square each com- 
ponent, add the sipiares and lake (lie square 
root, W'O obtain the value of the whole cur- 
rent : (10)- 100 ; (17-32)--.3()(); 100 x 

3( )0- 400 ; ajul jm) - 20, as before. Any 
purely magnetising current is an idle one, 
liaving a power-factor practically zero. 

Mean Power of Alternating 
Current. As the power at any instant 
is the product of volts and ampi^res at 
that instant, we can find the mean power 
by averaging a set of the instantiuieous 
products. For example, let the current 
during one cycle have the values ; 



0 + 3+5 16 H 5 +3 0-3 -5 -6- 5-3 0 93. THE PARSONS* TURBO -ALTERNATOR OF 25,000 K.W. 


We have seen above that the virtual value output, as erected in Chicago. 
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Position of the Hands. How to Depress the Keys. 

Exercises. Sustained Tones. Resting. Tone Quaiity. 

HOW TO PRODUCE SOUND 

W E shall try now to rest the hand on the keys Tliese are, again, jointed in three portions ; 

in the position of 5 [page 1 1 56], but in the but wo shall, in the meantime, treat them 

condition suggested by 4, remembering always as one. 

that the condition is the essential thing. To get These four portions of the arm can either 

this we must try carrying the loosely hanging support their own weight or hang limply ; or they 

hand to the keyboard by a movement of the can, togetluT and separately, be exercised down- 

arm, lowering it till the finger-tips touch the wards. The muscles that serve to lift or support 

keys, and then continue this gentle lowering them are distinct, or opposite^ from those that 

of arm till the forearm, wrist, and knuckles lower them, and if the two sets arc unnecessariljr 

form almost a straight line, the knuckles standing employed together, they become “opposing’^’ 

just a little higher than the wrist by reason of muscles. We will call the lifting muscles the 

the very gentle, yet firm, standing-up action “ up ” muscles. When we wish either to lower 

on the part of the fingers. or to let fall a limb (or part of a limb), or to exert 

For the first _ it downwards, we must not use the opposite, or 

lesson, then, > — 7 ^ — ** quite 

alternate the ( / loosely from the end of tlie arm [5], we have 

study of the hang- L relaxed the up muscles of the hand. 

ing hand with — Curved Line of Finger-tips. Now 

that of finding 7 ~ let us drop the hand in this way over the keys, 

keys quickly and ' Then gently lowering the whole arm, the longest 

surely all over the keyboard; and, as soon fingers will first come into conta(;t with the 

as possible, combine the two, carrying the ivories, and will curve slightly palmwards as the 

loose hand up and down the keyboard in wrist continues to descend. When all five fingers 

obedience to the eye, w'hich picks out the have reached the keys, we shall find that their 

notes. As we do so, let the arm invariably tips form quite naturally a crescent curve, 

place the finger-tip over its key, the hanil And if the fingers are properly doing their 

taking no active part. We sliall take single ‘supporting work, fingers and hand together w'ill 
notes thus, but shall not read from the paper, form an arched domti over the keys, 
keeping the eyes rather for watching the arm, The Knuckles. As we liave scon, the 
hand, fingers, and keyboard, five fingers on the five keys gently support the 



Pick out thus, D’s, C s, E’s, B’s, F’s, A’s, ’ weight of the loosely hanging hand. We know 
and G’s. Let the hand hang limp from the arm ; that to do this they must be slightly active --iicilve 
carry it about like a flail. When the finger- enough to cause the knuckle at the junction of 
tip touches its note, let the forearm at the wrist finger and hand to protrude slightly upwards, 
descend to the normal playing position [7J. . Lift rather than sink in. It is important to remember 
the hand again by means of the arm, the finger- that none of the finger- knuckles should Ik^ per- 
tip being loth to leave the key, and soda all mitted to sink in, neither the hand-knucklcs, 
over the keyboard. Wo may find it easier to nor those nearest to the finger-tips. Bending 
work for a while with one hand and arm, then, the latter inwards is a common fault with 
resting this completely, continue the experiment beginners, and one which must be carefully 
with the other. guarded against and corrected. 

Knowledge of the Arm. The pianist The mere weight of the hand, supportt'd by a 
must know his arm as intimately as he knows very slight bracing up of the fingers, is insufficient 
his instrument. The arm is jointed, and we can to weigh down the ivory end of the see-saws, and 
work its different portions singly or together, so the hand may rest thus on the surface of the 
It has four joints. ,(1) Upper Arm (shoulder keys, without overbalancing them. This must 
to elbow) ; (2) Forearm (elbow to wrist) ; bo practised tlaily, resting on the surface of key 
(3) Hand (wrist to knuckles) ; and (4) Fingers, with limply hanging hand. The stmlcnt would 

tFEWY ANTmCTlCE^ AtriU^CAllN^^ & SINGING 
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find it a great help to get a second person fre- 
quently to toss up the forearm of the player just 
at the wrist. Tlie tips of the fingers would 
remain reMing on the keys, to make sure that 
the hand was still U^ft hanging free from the fore- 
arm, and hatl not locked itself — like the locking 
of the front wheel of a bicycle — into the condition 
prohibited, as in 6. If this assistance is not 
available, tlui student should, just as a pre- 
paratory experiment, toss up the arm with the 
free hand. 

Silent Keyboard Practice. And now, 
with the limp hand supported by the fing(?rs 
resting on the ivory ends of the sec-saws (but 
still not depressing them), the forearm, at the 
wrist-joint, should be swung gently up and down 
(without any help from the other hand), care 
l)eing taken that the gentle resting weight on the 
keys, borne up from tlie tips of the fingers to the 
knuckles, is still felt. This bearmg-np sensation 
in finger action is one that we must never^ in 
all our playing experience, forget. 

Matthay says : “ 'I'he stmsation ac<;ompanying 
all correct touch is that of work dohe upwards. 
In walking, standing, or running, you have a 
similar clh'ct. It is true that your feet press 
upon the ground, but the exertion is upwardfi. 
And the monu'ut you feel, at the piano, tus if you 
were acting downwards, you may be sure you 
are (employing the wrong exertions.” 

The second important maxim to be nutuun- 
bered is that tlu^ hand bangs loosely from the 
forearm, but it and the fingers may hexir upwards 
by reactiim from the keys. 

The Key as Extension of the Finger. 

Matthay says : “ The key is but a machine- 
lever, handle, or tool, to enable us to create 
speed in the string — an intimate elongation of 
our body.” 

We have, so far, likened the key to a see-saw. 
I^^t us now use additional similes, and liken it to, 
say, a tennis racket, a cricket bat, or a golf club. 
Like these, it is a prolongation of the hand, a 
tool with which we hit the hammers against the 
strings, “ to create speed in them,” and so, in 
learning how to rest on the keys, we have learnt 
how to take hold of our tool. We must learn 
to move the key ; and here, at the outset, it is 
evident that we must never hit our tool, but must 
rather take hold of it, and hit with it. “ We 
must ni^ver aim at the key, but always tvith it.” 

And now, before knii-ning to move the key, 
let us recall our first maxim. 

Two-fold Use of the Key. Tlie key 
has a two-fold function, therefore wo have two 
separate and distinct things to do with it. We 
must (1) move it swiftly downwards to produce 
tone (hammer function). As soon as we hear the 
beginning of the sound the key’s harnmer-work 
is done. Tlien, if we wrish (2) to prolong the 
tone, we must continue to loan gently (rest) on 
our depressed end of key, that its other end may 
continue to press up the stem of the damper, and 
so keep its felt-lined wooden head J in. distant 
from the strings. It takes very little to hold the 
damper up, so for this purpose a very light 
resting on our end of key suffices. 


Since the key has two functions, and it 
is be.‘>t to learn one thing at a time, we shall 
try first with the finger how best to fulfil the 
hammer funcc'on of the key by key-movenmit. 
And let us, before trying with muscular activity 
and limb weight to move such a small thing as a 
piano key, try first an experiment on a larger 
scale with, say, an optm door. The open door is 
the key, as at 2 ; our action in closing it is 
analogous to moving a key down. We have 
shut a door ever since our toddling childhood, 
and learned to do it, therefore, in the days when 
we were keen experimenters. We found it was 
of no use to shut it sharply, but instead, leaning 
gently against it with the hand or body, in order 
to judge its inertia or power of resistance, we 
gently and persuasively moved it forward. Now 
let us try to think that all the keys are little 
doors which we are shutting, and, with the hand 
resting on the keys, supported by the fingers, let 
the middle finger, say, push its key away, and 
the moment w^e hear the sound let the key 
rebound. Try this nqicatedly with one or other 
of the fingers. If we have used the finger in the 
easiest and most effective fashion against the 
key, w^e shall feel as though the impulse within 
the finger W(U*e an upward one — upward by 
reaction from the key and finger-tip to its liand- 
knuckle. “ Action and reaction an? equal and 
opposite ” ; theri'fore, what the finger-tip does 
to the key,' its knuckle-end does equally, in the 
opposite direction, to the hand. 

Recapitulation. Let us try this again -the 
hand hanging limp from arm, resting on finger- 
tips. The finger gently supporting this loose 
w^eight rests on the kty, and feeds resistance of 
the key as we should feel resistance of the door 
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A*. Ivory key-end depressed b. Daini er ou string 
B. Damper atriiig c. String 

a. Ivory key up 

wc wish to move ; then, pushing the key as 
we should push a door, set a sce-saw in motion 
or move forward a swing with someone sitting 
in it, the feeling caused by this ex(;rtion of the 
finger will react ui^warcls against the hand. 
We must cea^e this exertion the moment we 
hear tlie “ beginning of the sound.” The key 
will come up, the damper will go down, and the 
tone will cease. When we hear the tone thus 
suddenly cease, we must not lift tke hand off the 
keySf althougli the key is now up, but let the hand 
still rest on the fingers, and each finger on its tool 
(key), ready to move one or another at will. 
Tones produced thus will all be short-lived, 
staccato and detached [8],^ 

Sustained Tones. To produce sustained 
tones we must avail ourselves of the key’s second 
function, its damper control. To keep a key 
down is as easy as to move it down at its softest. 
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Many pianoforte studonts, ignorant of the dual 
nature of the key’s function, continue to use as 
much force against the key to keep it down 
as they used to move it down for a forU. To 
sustain a tone, however loud, wo need do no more 
than lightly rest on the depressed key. The 
fingers must learn to keep the key down at their 
easiest. Try how gently we need rest on the 
keys to keep them down. It is the same kind 
of resting we did when the key was up, but 
"heavier. 

Resting. Wo have learnt now the two 
kinds of “ resting ” — the resting that is not heavy 
enough to move the keys, and the resting that is 
just heavy enough to keep them down. These 
“ restings,” although they occupy so much of the 
time of the performance in a slow movement, are 
of the nature of waiting — waiting for the vivid 
movements of tone production — and are always 
the same, or vary very slightly. But the other 
thing we have to do to the key — the moving of 
it — must vary with every desired variation of 
tone. And the possible variations in this 
key-movement we shall now deal with. Tones 
may vary in (a) pitch, (h) qualitv, and in (c) 
quantity. For the pianist, the pitch of each note 
is fixed, but on his manner of using the key 
depends entirely the loudness and quality of 
the tone, and these can Ije affected by him only 
during the koy-rnovement. 

Tone-quantity, The pianist does not, 
like violinist or singer, mike tone continuously — 
he makes tone? in spurts and the instrument 
does the rest. As everything depends on these 
little spurts of exertion or impetus added to the 
resting, they must he accurately aimed. The 
key may continue its movement a little beyond 
the beginning of the sound, but must never 
be aimed past it. The key must be aimed 
to hit the sound, not to hit. the little “ buffer ” 
pad beyond it. “ The greater the speed of the 
movement of key, hammer, and string, the greater 
the tone- quantity produced by them ” ; so if 
wo want a loud tone w'c must get up speed in the 
key-movement. If we want pianissimo (the 
very softest tone), the key must move as slowly 
as compatible with the production of sound. 

Touch Formation. Pianissimo can only 
be obtained by the use of ” weight touch,” 
and is got by moving the key with the same 
slightly lapsed weight of the whole arm which 
provides the “ resting ” at bottom of keys for 
tmuto and legato. Try weighing down a 
common chord — say, C E G — thus. And now 
realise that, in doing this, we use a triple 

muscular combination” — i.e.y finger exertion, 
hand exertion, and arm weight. All those three 
touch components may (1) be thus used together ; 
or (2) wo may eliminate arm weight and use only 
finger and hand ; or (3) we may use finger 
exertion only “ with loosely lying hand and self- 
supported arm.” This last Mr. Matthay has 
christened first species of touch formation ; the 
second (finger and halnd) ho has termed second 
species ; and the other (finger and hand exertion 
and arm weight combined) he calls third species. 
Upon a thorough understanding and a proper 
application of these three distinct species of 


touch formation greatly depends success in piano- 
forte playing. 

Now, “ ppp ” is evidently third species, for 
in it the key is moved down by the lapsed weight 
of the arm levered on to the keys by the exertion 
of the fingers and hand. Weight and exertion 
alike are in this ease very slight. In producing 
ton(5 thus, wt^ have produced it at its very softc^st. 
At the same time the biggest tone obtainable 
from the instrument is got by the same triple 
combination — viz., (1) arm weight levered on 
to the keys ; ( 2 ) finger ; and ( 3 ) hand exertion ; 
but in this case the exertion and the weight are 
alike proportionately greater. 

When we use only finger exertion with hand 
weight (first si>ecies) we can get great agility 
with little tone. When we use finger with 
hand exertion behind it, and hold away the weight 
of the arm (second species), we get less speed 
and more tone ; when we use finger and hand 
exertion and more arm weight than for “ pp,” 
we get large tone, but still less speed. 

Thus, roughly, we have dealt with tone- 
quantity an(^ speed across the keyboard. 

T one-quality. The way in which key move- 
ment is started greatly affects the tone-quality. 
Thus a suddenly started movement gives us 
a hard, brilliant, clean-cut sound, whilst a 
more gradually started movement yields a full 
sympathetic tone. To be artists we want 
mastery of both qualities, and of all gradations 
of them. This mastery dej)ends larg(‘ly on our 
capacity for easy muscular discrimination. 
Wo must learn to use the different parts of our 
pianoforte limbs independently, or combine 
their actions and inaciion.s at will. It may 
help us here to think of oTir fingers as little legs, 
and to imagine these miniature limbs running, 
walking, stepping up stairs, or running down 
hill, while the loosely lying hand is the body 
which they must always carry. The loose 
weight of the arm, on the other hand, is a bur- 
den which they may carry or not at will, a burd(*n 
that may be thrown off when the little logs 
want to run very fast or very lightly — i.e., 
prestissimo or leggier issimo. Now we must leai'n 
the trick of burdening and unburdening those 
little legs and bodies, letting in or lifting away 
the weight of the arm. As we learnt alternately 
to support and relax the hand, wo must now 
learn to do so to the whole arm. 

Arm Control Exercises. (1) Hang- 
ing limply from the shoulder, let the arm bo 
tossed about by an external agency (our^wn fn'o 
arm or that of a second jx^r son) ; let it remain 
perfectly passive, therefore limp. 

(2) Now, resting the fore-arm horizontally on 
another arm, learn to distinguish thc'.so threo 
po.s8ible different conditions : («) actively prcs.s- 
ing the arm down on another (using tho 
down muscles of tho arpi), a condition never to 
be employed in our present stage in pianoforte 
playing, and later only very slightly at tiiiujs — 
it would crui|h and lame and impede tho move- 
ments of the nimble little runners ; {b) merely 
letting our arm be in contact with tho other, 
without really resting on it at all (using tho 
up muscles of the arm) — this would lift tho 
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burden completely of! the little body and legs ; 
and (c) resting the whole limp weight of our 
arm on tlio other (completely relaxing all the 
mtiscles of the arm), a very necessary condition 
at times, and one that must bo induced, during 
key-movement, for really big tones of any kind. 

Let us work at this till we perfectly realise 
the throe sensations : (a) Pressing down, almost 
invariably bad ; (b) merely touching without 
real resting— necessary for agility passages ; 
(c) letting the loose weight of tho arm rest 
— this to provide the little spurts in big 
tone key-movement (called third species of 
Touch formation). Let us experiment with 
other people. Children usually master these 
willed variations in muscular condition much 
more quickly than adults. Do not let us con- 
fuse the required passive heaviness of relaxed 
resting with the und(^Hi ruble active down 
pressure of the mus(;les of tlio arm, nor (ho stiffly 
rigidly held arm with correct gentle support. 

The arm has four port ions, and in the action 
and interat^tion of thest^ difreront portions 
what the finger is to the hand the hand is to 
tho forearm, and what the hand is to the 
forearm tho for(‘arni is to the upper arm, and 
so also tho upper arm to the shoulder. Tt is 
always a case of one joint furth(?r remov(‘d 
from finger-tips. And, having recognised tho 
general sensation of muscuilar conditions — f.c., 
muscular action (limb sujiporting itself), and 
muscular inaction (limb hanging limp) — we 
must learn to locate and practise these in tho 
separate portions of the arm. In such ex- 
periments, lift tho portion gently ; to fetd its 
weight, balance it up and down, alternately 
lifting and letting it fhll ; then, finally, relax 
the upholding muscles entirely and drop it. 

General Principles of Relaxation 
Exercises. Remember the general principles 
of all such exercises : (a) Gentle contractions 
for lifting or supporting a limb or part 
of a limb ; • (6) absolutely looses uncontrolled 
relaxations, allowing it suddenly to fall again 
at a definite moment of time. Such practice 
is more mental in its aim than physical — i.e., 
it is not so much for the sake of strengthening 
and making flexible tho muscles ^ as of training 
tho mind* to recognise cund easily recall the 
sensations accompanying divers muscular con- 
ditions, and to make the limbs obey tho will. 

Technics at the Piano. Now let us 
return if the keyboard and apply this, taking 
any simple finger exercises. Such materials 

(technics) should always be neunoiised. 

A timo-honour('d form, lo Ikj found in most 
collections, is this : Take tin? long notes here 
as repivsenting a resting 
on the lop of tho normally 
imdepressed key ; do not 
ebpress them to their 
low level. With the 
moving finger do not try to push tho key 
too far down, endeavour to worfc only “ to 
the sound ” ; romomber that tho hammer 
roaches and propels the string just before 

we reach the key -bed felts. Experiment w'Jh 
different degrees of relaxed weight behind the 
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fingers, and always see to it that the fingers’ 
work feels upwards by reaction from the key. 
In using much weight behind the fingers, 
practise at first invariably staccato, and so let 
the weight bo unconsciously caught up again by 
the upholding muscles of the arm. 

If, when first practising with much weight, 
w'e play tenuto or legato, we shall risk letting 
tho big weight of the loose arm continue to be 
a burden on the fingers, and this it must never 
do, as it would result in key-bed squeezing, 
and ruin our agility and powers of expression. 

Equalising the Fingers. We must 

now try to equalise the fingers in tho ex- 

ercises; wo must get tho same quantity and 
quality of tone from each finger. Tho thumb 
is very apt to force down ; try to get with it 
also tho sensation of playing “up” towards the 
hand. Its best j)Osilion is that with the nail- 
joint in line with tho 

\ \ \ W* or (c). Of course, 

c d l-wo adjacimt 

notes are to be sounded 
together by tho tliumb, its nail-joint must then 
lie obliquely to tho two keys (d). The whole 
thumb in the normal position should be held well 
away from the hand. W(* shall probably find that 
the fourth and fifth fingers of the hand seem to 
be the weakest, and we shall want to know how 
to strengthen them, how to make them “ equal ” 
with the other fingers. 

Rotary Adjustments. In the forearm 
we have two long bones which can roll over 
each other, enabling us to rotate tho forearm 
and with it the hand. We can thus turn the 
hand either palm upwards or palm downwards, 
or merely tilt it from side to side — a rotary 
motion of liand and fore-arm, a movement of 
the wrist round its centre, like that of a wheel 
round its axle. But wo have seen already in 
the case of motionlessly upbearing fingers and 
loose lying hand that there can be muscular 
action and inaction without any visible movement. 

The muscular habits of this fonuirm rotary 
contiol form no exception to the rule. We may 
visibly rook the hand to and fro. thumb side 
to fifth fingi^r side, and vice versa, with a 
rotary movement (as wo do for certain tremolo 
effects), slightly rolling the fore-arm. 

But, when we wish it., we can summon these 
rotary munclos lo our service invisibly. We can 
relax tho muscles that hold up the hand at one 
side or the other ‘‘rotarily,” and tho hand can 
then be made to tend to fall to cither at will. 
In this way, weak fingers, making use of the 
weight which is tending to fall^vill bear up 
against it, and at the same moment bear 
equally against tho key, and, moving it swiftly 
down, produce a good tone. Wo can also make 
use of rotary exertion. At the weak finger 
side of the hand, then, use “rotary adjustment,” 
remembering only in proportion as we bear up 
with the finger against this rotary tendency to fall 
do we bring the weight to bear effectively on the 

M. KENNEDY-FRASER 
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Another Examination of Fibres. The Bast 
Group. How' Micro-Photographs are obtained. 


FIBRES UNDER THE MICROSCOPE 


F ob rnicrodcopio purposes, the whole group of 
bast fibres may be considered together, for 
the simple reason that they have many things in 
common. They all differ entirely from cotton, 
with its spiral formation, and from wool, the 
surface of which is covered with scales. They 
also differ enormously in length from these 
two important fibres, for it is a common thing 
to find fibres from four to seven feet long in 
jute, from six to twelve feet long in hemp, and 
from thirty to twelve inches long in linen. 

Bast fibres are themselves composed of 
filaments, or cells, Avhich are very narrow, but 
relatively very long. These ate by no means 
easy to see under the microscope, and even 
when this is possible, it is not easy to distinguish 
fine hemp from coarse linen, or fine jute from 
coarse hemp. Although they are the product 
of different plants, jute and hemp, hemp and 
flax resemble one another to an extraordinary 
degree, and only those who have spent a great 
deal of time in a s^^ecialiswl study of the subject 
can expect to distinguish one from the other 
by means of the inicroscojic alone. 

Linen. Linen is the finest and most valuable 
of all the fibres which are derived from the 
stems or leaves of plants. The fibre, as we have 
already seen, is taken from the inner bark, and 
is separated into very fine, long threads by the 
process called retting. Weisner gives the length 
of flax coming from various countries as 


in the following tabic. 

Lenotii 

Inches. Millimetres. 

Egyptian . . 

38 

9fi0 

Westphalian 

30 

750 

Belgian 

15 

375 

Austrian . . 

16 

4(X) 

l*russian 

11 

280 


It may therefore be taken that good flax 
should average at least 20 inches in length, 
and it should bo free from fibres that are less 
than 12 inches long. When imperfectly retted, 
the fibres occur in groups which may bo 
or more of an inch in diameter, but when they 
are completely separated it may easily be seen 
from fl] how very small the individual fibres 
are. There they appear to be about ^ of an 
inch in diamct/cr, and as the photograph is 
magnified just 80 times, their diameter would 
really be .}q multiplied by ro’oo *“^‘*^* 
These fibres are built up of still smaller 
filaments, which vary in length from 2.5 to 30 mm., 
but so fine in diameter are they that they only 
mecisuro *012 to *025 mm., which gives a ratio 
of length to breadth of fully 120() to 1. The 
larger fibres which are thus built up taper to a 
fine point at both ends. Their colour is for the 


most part yellow, but flax retted in stagnant 
water may turn to a steel grey. 

l..iko nearly all the fibres derived from the 
sUnns of plants, when examined under the 
microscope fine transverse markings may be 
always observed on the surface of the flax. 
Sometimes dislocjations, or nodes, are apparent, 
and they may be made still more visible for 
e.xamination by staining the fibre with methyl 
violet. Eacli fibre contains a ciMiiral canal, but 
it is often BO small that it is only apparent as a 
faint, dark lino when the fibres arc magnified 
80 times. In section, the fibres* are not round, 
like wool or silk, but polygonal, with many 
irregular sides, which give an additional •means 
of distinguishing them from cotton or wool. 
On the other hand, they very strongly resemble 
hemp, jute, ramie, and Manila, and the student 
must bo careful in making deductions when 
examining different bast fibres. 

Hemp. True hemp fibre, the product of the 
stem of the Cannihis saliva, although it belongs 
to a different genus, possesses fibres extremely 
like those of flax. In hemp the filaments of 
which the fibres are composed vary in length 
from 15 to 25 mm., while their diameter is 
about *022 mm., making the ratio of U'ligth to 
breadth of 1 to KXH). Like limm, each separate 
fibre is faintly marked across vith dislocations, 
or nodes, but in addition the surface is marked 
with fissures in a way that is extremely rare 
in (he ease of linen [2|. 

It is a curious fact (hat the various types of 
fibre sold as hemp resemble one another very 
strongly, in sfiite of the fact that the plants 
from which they come an^ widely different in 
character. 8isal hemp is from an agave with 
fleshy leaves, while Manila is the product of a 
wild ])lantain. In some kinds, notably in Gambo 
hemp, the fibres are no less than five to six feet 
in length. The ends are generally blunt, the 
central canal is wide in places, but so 4iuc as to 
resemble a line near the ])oint. The chief difter- 
encjc between hemp and linen lies in the fa(jt that 
hemp fibres have fine forked ends. They are 
less transparent, and the surface of the various 
fibres is often striated. 

Manila Hemp. Manila hemp is principally 
used for the making of cordage because of its 
great strength, and also because of the fact that 
individual fibres arc frequently found from 
six to twelve feet in length. The diameter of 
these individual fibres varies from /jJo 
H of an inch, and tlfbir colour is buff and 
lustrous. Although it is easy to separate every 
fibre from its neighbour b}^ treatment in a bath 
of alkali, thej^are more often scon in bundles of 
considerable diameter, for which reason Manila 
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hemp appears coarser than linen, although the 
measurements of separate fibres arc almost alike. 

The microscope shows that the walls are thin 
and the c<*ntral canal large and distinct. Fibre 
bundles often show a series of peculiar and 
strongly marked plates, and the canals often 
contain yellow colouring matter, though no 
median layer is jicrceptible between the fibres. 
Like other fibres of the same class, it may bo 
separated into its ultimate cells, or filaments, and 
in the dimensions of these it differs consider- 
ably from true hemp, for tliey vary from *016 
to 030 nun. in diameter, but only from thrcH) to 
twelve millimetres in length. This gives a ratio 
of 1 to 250, which is only about one-fourth ])art 
of that of true liemp. 

Jute. Jute is obtained from plants of the 
genus Corchorus. There are two species which 
are cultivated for fibre, and, though they are 
botanically di.stinot, the fibres from the two 
plants* are practically identical. In length the 
tibres vary from four to seven feet, and in 
diameter they are about of an inch. 

When examined under the microscope [3] they 
have every appeararu'c of being valuable for the 
production of textile fabri(!s, and it is only when 
the struc.ture of individual tibres is considered 
that the reason for their disappointing character 
is discovered. 'Flic ultimati^ filaments ot which 
they are composed arc only from one to live 
millimetres in length, and from *020 to *025 mm. 
in diameter. This means that the ratio of 
length to diameter is only 00 to 1, and this short- 
ness of the iilaineiits has a serious etfect on the 
sf)inning vjtlue of the fibre. 

Seen in section, the filaments have many 
rectangular sides . of different length, with 
sharply defined angles, in colour the fibre is 
pale yellow to silver-grey, and the c(‘?dral canal 
- vvhi(;h is sometimes one-fourth the diameter of 
the whole tibre — has constrictions which make 
it almost invisible. The fibre is much less pure 
cellulose than is the case in hemp or linen. It 
approaches much more nearly tf) t h<^ condition of 
wood, and is known as bastos or Jigno-cellulose. 

Ramie. We have seen that ramie, rhea, and 
(^hina grass are really one and the same, and it 
is impo.sftible under the microscope to see any 
difTenaici; betANcen samples marketed under the 
three si'jiarate names. The size of the filaments 
of which ramie is composed has led many 
theorists to believe that there was a veiy great 
future in store for these tibres, for it is po.ssiblo 
to find whole tibres 081) mm. in diameter, and 
ten inches in length, A\hi(*h consist of a single 
cell, or filament. Unfortunately, their diameters 
are very irregular. Sometimes they occur with 
heavy cell- walls and a well-defined central canal, 
at other times they are broad and flat with 
badly defined central markings. ITsiudly they 
have heavy striations, and at times the dis- 
locations of the nodes are exceedingly large and 
irregular in size. The fibre is apt bend at these 
places, which may be three times the normal 
diameter. The fibre itself, as will be seen from the 
photograph [ 4 ], is exceedingly transparent ; it 
is, in fact, pure w bite, without trace of colouring 
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matter except in the central canal, whore at 
times traces of granular matter may be seen. 

Silk. In reserving the description of the 
silk fibre to the last, we arc not by any means 
according it its proper place, for it is by far the 
strongest, finest, and most lustrous of all the 
fibres. Yet microscopically it is relatively un- 
interesting. Formed as it is of hardened jelly, 
it is practically impossible for the most powerful 
microscope to see any trace of structure within 
it. The surface also is perfectly smooth, without 
any distinctive features, so that it is actually 
by the absence of markings, which occur in all 
other fibres, that it may most easily be detected. 
The fibre is also exceeding small in diameter, 
in. being a common size. 

In raw silk there are nearly always tw^o fibres 
side by side, which are frequently covered with 
an envelope of sericin. This may bo perfectly 
smooth and liomogencous, with a faint outline ; 
it may cxliibit small cracks and folds at intervals, 
or it may bo altogether lacking at c(‘rtain parts 
of tlu; thread. The only fibre that silk n^ally 
rc.scmblcs in it s apix'arance under t he microscope 
is artilicial silk, and from that it is easily dis- 
tiiiguishahlc on the ground of diameter alone. 

Fibres wliich have been taken from silk fabrics 
of any dcHcrij)tion will always appear as single 
strands— that is to say, they will never be in a 
condition of a two fold thread, glued together 
by a. covering of scrioin. Kach fibre is almost 
round in section, and although slight faults may 
occur at dillVicuit ])oints, such as those to he 
seen on one of the fibres in the illustration [5], 
they arc for the most part remarkably free from 
defects, running for long distances without any 
roughening of the smooth and brilliant surface. 
In an undyed condition they ar(i wonderfully 
transparent; they are practically invisible w^hen 
immersed in balsam solution, so that anyone 
who is desirous of making a careful examination 
of them must dye them before mounting them 
for a ])ermanent microscope slide. 

Artificial Silk. This is so much larger in 
diameter than real silk that no microscopic w^orkcr 
is ‘likely to mistake the one for the other. But, 
apart from its diameter, artificial silk has features 
whicli arc quite absent in the natural fibre. 
At prc.s(*nt there arc three entirely dilTcrent 
kinds. First, there is the original niiro-ceUiilosp- 
[6J, the surface of which is quite smooth, but 
not very round in section. Fibres of this material 
very often show a central canal, and when they 
vary in diameter, as is fn^queiitly the case in 
single threads, it is the smaller ones which appear 
tlu; roundest and most solid. 

Almost all the same facts arc true of ciqyt'o-am- 
moniurn silk, but the fibres arc l/trger in diameter 
[7] than those already mentioned. The central 
canal is, if possible, more definite, though it is 
more; irregular in diameter. The third type is 
known as viscose silk [ 8 ]. It differs from the 
others in all respects. The fibres are flatter and 
w idcr than either of the foregoing types, and they 
show no central canal. It is just possible that 
such a canal exists, for the surface of individual 
fibres is bo much striated that it is impossible 



■ CHARACTERISTIC MARKINGS OF FIBRES 



5. SilR, Rhowinp; wmooth and regular surface oC (Ibrea 
from a four-thousandlh to a two-thousandth diainctcT. 


6. Nitro-celluloseSilK, showinj? irregularity in tiie 
Hize and shape of dltforcnt llhrcs, and the central canal. 



The «mau fibre wee only one nlne-hundredth ot an Inch. dCto rfThc JSpl2s wm about ouJ-OtOthTan luch. 
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to see the nature of the structure within the outer 
skin of the fibre. 

The fact that this fibre has a finely fiiited 
surface, and is still the most lustrous of the three, 
raises a very interesting question in textile 
optics. 1 Previous to the discovery of the 
Schreiner process for giving lustre to certain 
goods by the uso of finely fluted rollers, it was 
always considered that a smooth surface and 
smooth fibre were more lustrous than rough ones. 
The extraordinary lustre of viscose silk gives 
additional support to the theory that a finely 
fluted surface has even more brilliance than one 
which has a ])erfectly smooth surface, for there 
is no doubt whatever that viscose silk is not only 
the strongest but the most lustrous artificial 
silk yet made. 

The characteristics of all three are easily 
visible under a microscope of a comparatively 
low power, and as artificial silk is rapidly coming 
into daily use in the manufacture of such things 
as neckties and ribbons, it becomes increasingly 
necessary that the public should have at their 
disposal some means of distinguishing it from 
the genuine article, which is worth — if it docs 
not cost — aliout ten times the price. 

How Diameter Influences Value. The 

size of the fibres of artificial silk is in almost 
inverse ratio to their value as compared with the 
product of the silkworm. Fibres of the best 
Italian silk are of an inch in diameter, 
good China silk being of an inch. As 

compared with these figures, single fibres in a 200 
denier cupro-amrnqnium silk arc only 

of an inch. In viscose they vary from 
4 4(7 while those of nitro- 

cellulose range from to of an inch 
in diameter. On an average, therefore, real 
silk may h(* taken as of an inch in dia- 
meter, while the artificial product is giving 
an average of not quite four diameters to one. 

The point of really practical importance, 
however, is not the diameter of the fibres, but 
their number in a thread of any given size. 
The one has, of course, direct bearing on the other, 
but the two are not in direct relation. We should 
ex])ect to find them in exact jirojiortiou to the 
square root, and their actual dituensions come 
exceedingly near to such a relation. In a 89 
denier (Jhina silk there arc 81 fibres, which 
means that in a 200 denier of the same material 
there would be 159 fibres, while a 200 denier 
cupro- ammonium silk contains only from 16 to 18 
fibres. The same sized thread of nitro-cellulosc 
contains anything from 16 to 26 fibres, viscosii 
having from 20 to 23. This makes the average ol 
all the artificial silks to be 19J fibres in a 200 
denier thread, showing that real silk, even if it be 
not a very fine one. will contain no less than 
eight times the number <tf fibres in a thread of the 
same weight. 

Making Micro-Photography of Fibres. 

The possessor of a microscope who once turns it to 
the examination and identification of textile 
fibres is sure to wsh to make micro- jihotograjihs 
for himself. The work presents less difficulty 
than many persons imagine. 


To those who are unacquainted with the 
possibilities of micro-photography, it may seem 
an exceedingly difficult, if not impossible, task 
to measure anything so small as uniacy ii^ch, 

and it may, therefore, be as well to give some 
account of the way in which photographs are 
made and used to obtain such results. It is 
done by a double magnification. First, a micro- 
photograph is taken, and this in turn is examined 
under another microscope. It is a very common 
error to suppose that the diflorence between the 
actinic and the visual focus, which exists in every 
lens, is particularly exaggerated in microscopic 
photography, and must be overcome by an 
alteration in the position of the ground glass, 
after an accurate focus — as judged by the eye — 
has been obtained. 8uch an alteration is wholly 
unnecessary if isochromatic plates are employed, 
provided always that the fiVirc to bo photo- 
graphed is coloured red, and jirovided also that 
the objective which is being used is suitable for 
the purpose. Without trenching on the course 
on Optics, it may he stated that the actinic and 
visual foci of red are so nearly alike that no 
alteration ought to he necessary when once a 
sharp imago of a red slide has been focused on 
tlie ground glass. 

'fhe difficiilty which stands in the way of any 
very great enlargement of wool fibres h}’’ photo- 
graphy is their comparatively largo diameter, and 
t ho frequency with which their curly nature makes 
them cross one another when th(‘y arc mounted 
on a microscopic slide. However carefully the 
dy<‘ing, dehydrating, and mounting in balsam 
may be dom*, a slide which cont-ains more than 
one or two fibres is nearly sure to have a large 
])ereentage of the fibres crossing one another at 
dillertmt ] daces. To obtain a large number of 
measurements and to save time in making 
slides, it is necessary that each slide should have 
a large number of tibros upon it. It is neee‘isarv 
that all should be in focus at one time, oven in 
places whore two lilaos are superimposed. 

How High Magnification is Secured. 

This makes it desirable to use a lens of com- 
jjaratively low power, boeaiise to say that a lens 
is of low power is practically synonymous with 
saying that it is of deep focus. To get large 
magnification with low power it is only necessary 
to use a very long camera. 

Having once obtained a negative by this means, 
it is examined under another microscope having a 
m icrometor eyepiece. If the obj ecti ve is approxi- 
mately of an inch focus, what was originally 
To( 7 o will now cover about 

thirty divisions of the micromoter eyepiece. 
In other words, vdth a photograph takem in 
this way, examined under the lenses here 
named, each division of the micrometer 
eyepiece will be equal to .iojciy of an inch, 
whatever object or slide is being examined 
by this method. Under this system it is 
only necessary to keep a record of the lenses 
with which photographs are taken to ascertain 
with accuracy the size of any object photo- 
graphed, or the size of any part of the same. 

HOWARD PRIESTMAN 
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The Nature and Orbits of Comets. 

Aerolites. The Ill-omened Meteorites. 

COMETS AND SHOOTING STARS 


I N addition to the planets and their satellites, the 
sun is attended by nunu^rous other bodies, 
moving with far less regularity, and generally 
much lass conspicuous in the heavens. These 
are known as comets and meteorites or sluxttiwj 
stars. One of the most interesting of recent 
astronomical discoveries is that an intimate 
physical connection exists between these two 
classes of bodies. 

Comets. Comets have been known from 
the earliest times, because every now and then a 
very large and conspicuous one hastens up to the 
sun from the remote regions of space, and per- 
plexes monarchs with the fear of change. They 
are called comets, from the Latin coma, meaning 
hair, because when they are bright enough to bo 
seen with the naked eye they look like stars 
attended by a long stream of hazy light, which 
was thought to resemble a woman's hair flowing 
down her back. This train of light is known as 
the comet’s tail. Such bright comets are some- 
times as brilliant as VTuius; their tails have been 
known to stretch halfway across the visibki sky. 

These comets are very beautiful and con- 
spicuous objects, which usually appear in the sky 
without any warning from astronomers, and in- 
variably create a gn'at popular sensation. By far 
the greater number of comets, however, arc only 
visible through a telescope, and it is rare that a 
car passes without at least half a dozen of these 
eing rei>orted. Up to the present time nearly 
a thousand comets of all sizes have been recorded. 
Not more than one in five of these visitors is 
visible to the naked eye. 

Cometary Orbits. In all cases in whicdi 
a comet has been observed sufficiently often for 
its orbit to be calculated, it is found that it moves 
in one of the curves which are knouii to the 
geometer as conic sections. Less than a hun- 
dred of the known comets move like the planets 
in ellipticxzl orhitfi, and consequently their pcriotli- 
cal return to visibility can be jiredicted. As a 
rule the eccentricity of these cometary orbits 
is voiy much greater than that of any planetary 
orbit, which means that the comet approac hes 
fairly close to the sun at one end of its orbit, but 
at the other flies away far beyond the outermost 
lauet, and for a long period disappears from the 
en of our most powerful telescopes. 

The great majority of comets have only been 
seen once, and their orbits a])pear to be either 
parabolic or hyperbolic. Neither of these is a 
closed curve, and what seems to happen in such 
cases is that a comet travelling in such an orbit 
dashes up to the sun from the remote parts of 
space, swings round it, often at very close quar- 
ters, and flies away again for ever. Only those 
comets which have elliptical orbits can lie said 
to belong to the solar system. The others arc 


visitors from space, which in the course of their 
motion come ni^ar the sun and are deflected by 
it, but then fly away until after a lapse of ages 
they perhaps come within the sphere of another 
star’s attraction. Of the comets which move in 
elliptical orbits, about tw enty have been observed 
at more than one return to the sun. kSome of 
these complete their orbits in quite a short period, 
like Encke’s comet, which has the shortest period 
of all, less than three and a half years ; t he long- 
est periodical (!oinet is known as If alley’s, which 
returns to the sun after 70 years, and last appeared 
in 1910 ; it is a bright and conspicuous object. 

The Constitution of Comets. The 
nature of cornels was long in doubt, and even 
today their j^hysical chanu;t eristics arc not fully 
understood. They are certainly formed of 
gravitational matter, because they move in orbits 
which are subject to the same law's as those of the 
planets. But they also ap}>car to be acted upon 
by ])ow’erfiil repulsive forces emanating from the 
sun, to which is due the remarkable iibenomimon 
of cometaiy tails. At. lii’st it was supposed that 
a comet and its (ail consisted of w hat wo know' as 
solid matter. But the observed facts are (jiiite 
inconsistent; with this theory. 

A comet’s tail, w Inch stretches for many niillion-i 
of miles, is always directed away from tlu^ sun, 
and when the comet swings I'apidly round the 
sun the whole of this tail follows its motion in 
such a w'ay that it is quite impossible to suppose 
that it consists of any kind of matt(‘r with which 
w'e are ariquainted. The probability is that these 
tails consist of highly rarefied matter thrown olT 
from the comet undei* the inlluonee of a re])ulsive 
force emanating from tlio sun whieh is jirobably 
electrical in its nature. I’he degree of rarefaction 
of the matter composing tlu;so tails is probably 
greater than that of any vacuum which we can 
produce in our laboratories, and its luminosity is 
due to similar causes to those w hich ])roducc the 
glow' in a vacuum tube through w hich an elect rie 
current is passed. (Sec page 742.) 

The Wonder of the Tail. The extreme 
tenuity of comets is proved from the facts that the 
earth is known to have passed right through the 
tail of a comet without any apparent efl’cet, 
that the close approach of a comet to a plarn't 
cause.s no apparent alteration of the plam.*t’s 
motion, and that small stars can bo scon shining 
brightly right through a (;omct as much as 
lOO.tMX) miles in diametm’. IVrluqis there is not 
much exaggeration in the statement once made 
by a well-known astronc^iner that the whole mate- 
rial of a comet stretching halfway across the 
visible heavens, if properly compressed, could 
bo placed inP a hat box. The old fear that the 
earth might suddenly he annihilated by a comet 
striking it is thoroughly dispelled by modern 
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investigation, which leads ns to l)elieve that the 
worst results of such an encounter would be an 
extremely beautiful display of shooting stto. . 

Meteorites, or shooting stars, have been known 
to maiikiifd from the earliest times, though it is 
only of late years that their intimate assofiiation 
with comets has been discovered. 

Aerolites. Shooting stars must be divided 
into two classes. There is the solitary fire-hall 
or aerolite^ which sometimes assumes very 
respectable dimensions, like that which burst 
over Madrid some years ago, or that wliich once 
strewed the plains of Arizona with vast niassos 
of meteoric iron. Theses visitors can never be 
predicted, though few nights in the year pass 
without one or more of them being visible to the, 
careful watcher of the skies. They are masses 
of rock, chiefly consisting of pure iron, which 


I 


Many specimens of such aerolites are to be 
seen in the Natural History Museum at South 
Kensington ; the Sacred Black Stone of Mecca 
and the image pf Riana, jrfiich was said to_.have 
fallen frpm heaven «^t Ephesus, are believed to be 
the' remains of such meteorites. But, as a rule, 
visitors of this kind are entirely consumed in the 
upper regions of the air. The luminous streak 
wdiich they leave behind them as wo watch them 
on a clear night is composed of their disintegrated 
dust raised to incandescence, by the friction of the 
air. This dust slowly settles down upon the 
surface of. the earth, and is frequently met 
with in the ooze of the deep seas and among 
the sands of the deserts. It has been 
estima^d that between 1,000,000 and 2,000,000 
of these shooting stars are encountered by, 
the earth in every tw'cntv-four hours. If 
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collide w'ith the earth as it travels through s()ace, 
but are fortunately prevented, as a rule, from 
flashing against its surface by the convenient 
buffer interposed by the atmosphere. The rc- 
eistanco of the air, which is jjractically exper- 
ienced by cyclists stniggling with a head wind, 
increases very rapidly with the velocity of a body 
moving through it. It is the most serious factor 
in the Bight of a modem projectile, and a meteor- 
ite whi<5h enters the air with a velocity of many 
miles per second is proi/lptly raised to such a 
temperature by the atmospheric resistance to its 
motion that it is rendered incandescent and dissi- 
pated into yapouror dust, unlesla i til size is very 
greats. In the latter c^e it breaks up into a num^r 
of small pieces, with a flash and -a report which is- 
sometimes heard on the surface of the earth, and 
those pieces may ultimately roach the ground. 
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it were not for tlic atmosphere we should 
be bombarded by these projectiles in a fashion 
far more perilous than any known to Port 
Arthur or Adrianoplc. 

Star*9howers. In addition to these solitary 
and mostly invisible aerolites, the earth en- 
counters meteor swarms which are of periodical 
occurrence. The most conspicuoRS and famous 
of these are the November meteorites, known as 
tlie Leonids, which used to give rise to a wonderful 
display of celestial firewwks once every thirty- 
three years. From vbry early times' men’ have 
recorded the fears produced by the contemplation 
of this wonderful' and brilliant onset of stars 
shooting hiadly from their spheres. ' In 1833 the 
iiegroes of the Sont/hern States-were-quJte per- 
RiMd^'4ihaji the end of the world was at hand. 
The sky was said to bo as full of shooting stars 
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as it is of snowflakos in a winter storm. These 
shooting stars reappeared in 180(5. 

Something has recently gone wrong with these 
Leonid meteorites, and the display which was 
confidently exj)ected about 1899 never took 
place. There are several hundred of these 
meteor-shovors known to astronomers, and 
hardly a week in the year passes when ono or 
more of tlunn is not due. Each show’er is rc^cog- 
nisabJe by tlu; fact that it seems to come from a 
particular place in the lu‘avens, and it is usually 
named after the particular constellation from 
which it comes. Thus the two chief November 
star-showers are thc^ Leonids, eoming from tho 
constellation of Leo, and the Andromedes, 
coming from the constellation of Andromeda. 
A star-shower due 
about tbci loth of 
August, po|)ularly 
known as the tears 
of St. LawTcnce, 
consists of tho Per- 
seid m e t e o r i t v s, 
eoming from the 
constellation of 
Perseus. The point 
from w hich any par- 
ticular star-siiowm* 
appears to conn* is 
knowm as its radiant, 
and is found by 
tracing the path of 
0 a c li 0 b s e r v o d 
meteorite u])on a 
star chart ; the point 
in which all tluvse 
paths m e e t— i n 
other w'ords, their 
vanishing j)oint — is 
the radiant point. 

M eteoritic 
Swarms. Many 
of these star-showci s 
occur year after 
year on tho saine 
night, w'liile otliers, 
like tho November 
Leonids, oceur on 
the same night at 
intervals of many 
years. Then* is only 
one plausible ex- 
planation of this. 

Tho shooting stars which bocorno visible by 
contact with oiir atmosphere on a particular 
night in tho year must belong to a swarm of such 
bodies travelling round the sun in a definite 
orbit, which intersects the orbit t)f the earth at 
the point which our planet reaches on that night. 
At every meeting a ccnisiderahle number of 
these minute bodies are sacrificed by contact 
with tho earth, hut their number is so great that 
there seems to be no appreciable dyninution in 
it. If the raeteoritic swarm be distributed with 
evenness along tho whole of this orbit, there will 
be, as a result, a display of shooting stars of 

r ty much the same brilliance every year, 
the cQiSO of meteorites like tho Leonids,. 
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Hrhich only appear once in thirty-three years, 
the main body of the meteorites must be con- 
centrated into a swarm which travels round its 
orbit at such a speed that it only passes tho 
earth’s orbit while the earth is in that neighbour- 
hood once in thirty-throe years. The explana- 
tion of the failure of tho Leonids to appear whcjii 
they wT.re last due is that some external cause 
has changed their motion by perturbing their 
orbit so that now they just miss the earth. Tho 
orbits of a considerable numberof these motcoritic 
8w%arms have now boon calculated — a wonderful 
achievement when wo remember that they can 
only bo studied in the brief instants in which they 
arc burnt up by tho contact with our atmosphere. 
Soon after tlio great shower of November 
meteorites in 180(5, 
it was shown by an 
Italian astronomer, 
Schiaparelli, that 
the orbit which has 
been assigned to the 
Persoids or August 
m e t o o r i t e s w fi s 
identical with that 
of a comet which 
had been observed 
in 1802. Soon after- 
wards the orbit of 
the Leonids or 
Noven^ber meteor- 
itt's was also calcu- 
lated, and it also 
turned out to he 
identical with that 
assigned to a comet 
which had been dis- 
covered by Tempol 
in 1800. Next tho 
Andromeda meteor- 
ites, which meet the 
earth in the latter 
part of November, 
w^ere found to mov(i 
in the track of Bicla’s 
comet. Since thou 
at least five other 
motcoritic sw'arms 
have been found 
moving in orbits 
recognised to be 
coincident with 
those of comets. 

It is impossible to suppose that all these 
coincidences are accidental. It is now believed 
that a cornet is simply a mctooritic swarm, and 
that when it disintegrates — as more than one 
comet has been seen to do— -it bmaks up into a 
crowd of meteors, which tend to be scattered 
gradually more and more thinly along its orbit, 
until in the lapse of time there results an orbit 
covered with a thin ring of flying meteorites. 
Some are sufficiently large to endure the intense 
heat which they undergo in passing through the 
atmosphere and still reach tho earth as a solid 
mass. At least once or twice many tons of solid 
iron have thus been precipitated to the earth. 

W. E. GARRETT PISHER 



MATTER FROM ANOTHER WOULD 

This pli (tograph is oi' a piece of ore that has fallen on onr earth as 
a nioleorite, which pro\es on analysis to be composed of the same 
materials as those which comprise the earth. 
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Theory and Laws of Friction. Mechanical Uses of Friction, 

• Including Brakes, Belt-hammers, Clutches, Gears, Shafting, Belts. 

FRICTION AND ITS APPLICATIONS 


N O substance exists which has, or can have, a 
perfectly smooth surface. The polished face 
of a piece of wood or stone, or the surface of 
glass, is covered with minute roughnesses, alt hough 
this unevenness is imperceptible to the senses of 
sight and touch. Thus, when two surfaces are 
in contact, the multitudinous [)rotuberances 
interlock, resisting both the setting in motion 
and the continuance in motion of one surface 
over the other. This resistance is called friction. 
It destroys but cannot generate motion, and it 
acts always in the contrary direction to that in 
which the body is moving. 

Friction in Use. How does the engineer 
regard friction ? Sometimes this force acts as a 
valuable ally in promoting the stability of a 
structure or in assisting the work of a machine, 
and it may even be necessary to assist this force 
in its tendency to resist slipping. To friction wo 
are indebted for the action of the driving- 
wheels of locomotives, for they would otheruiso 
slip on the rails and make no progress ; for tho 
action of cords and straps round pulleys and 
drums ; for the gripping power of a vice ; for 
the arresting power of a brake ; and so on. 

Sometimes, however, friction is distinctly dis- 
advantageous, and presents an obstruction to 
the efliciont working of a machine. The ingenuity 
of engineers is then called into play to reduce its 
inimical tendency. Thus, roller and ball bearings 
assist the rotation of a shaft, while oils and 
tallow are extensively used as lubricants. Even 
then continual friction gradually abrades the 
hardest material, and so, in a machine where two 
])arts are ex])osed to friction, that one which can 
bo more easily or cheaply replaced is made of 
'Softer metal, so that it may receive the greater 
degree of wear. 

Kinds of Friction. The force tending 
to prevent the setting in motion of two bodies at 
rest is called static friction, and tho resistance 
tending to arrest the motion of one body over 
another is kinetic friction. A distinction is also 
drawn between rolling friction, as in the revolu- 
tion of a cart-wheel, and sliding friction, as in 
tho motion of the same wheel going downhill 
with a skid on. It might bo thought that the 
ro.sistance between any two surfaces would bo 
cimilar, whether they are at rest or in motion, 
but wc shall see that this is not so. The word 
friction (Lat. frico — 1 rub), used in the statical 
sense, is scarcely exact, for there is no rubbing 
until motion begins. 

How to Measure Friction : Coeffi* 
cient of Friction. The amount of static 
or kinetic friction between any two bodies 
may be measured by a simple experiment. 
Suppose it is required to measure the frictional 


resistance between the w'eight W [48] and tho 
surface A B along which it slides. The cord runs 
over a delicate pulley (C), and is attached to tho 
.scale pan. Weights (P) are gradually added 
until W starts moving. Tho weight required to 
do this measures the friction between tho 
surfaces ; that is, P- : the frictional resistance. 
In this experiment W 10 lb., and P = 4 lb. 
Thn.s the ratio between the friction and the 
P 4 

woight“^^, —*4. This friction is called the 
coffp,ri4oU of friction, and if W and A B were 
composed of oak, then or -4 would be spoken 

of as the coelhoicnt of friction for oak on oak. 

Tho cocfticicnt obtained in this experiment 
should more correctly be termed the static, 
coefficient, because P measures tho greatest 
frictional resistance the bodies are capable <)f 
otfering to a sliding force when at rest. If the 
surface (A B) is sunieiontly long, it will be found 
that a less weight w ill bo necessary to cause W to 
continue in uniform motion along A B if this 
steady motion is started with a slight push of 
the tingcr. 

Static and Kinetic Friction Corn** 
pared. In other w ords, static friction is greater 
than kinetic friet ion. A horse w hich has a difficulty 
in starting a heavy load ])nlls it WMth compara- 
tive case once it is in motion. A(;tual experiment 
has shown that the static eoeffiK'ient; of dry 
wood on dry wood is ’oO, but the kinetic co- 
efficient is only '.'lb ; similarly, tho coefficient of 
dry wood on metal is •()() at re.^t, but when in 
motion, -42. If in this oxporimont tho student 
substituted otluT sul)staiices and other surfaces, 
it would be found that a less weight or power 
would be reijuired to start W in motion when the 
.surfaces were smooth, and a greater power when 

the surfaces were rough, lienee, the fraction yy 

would become greater or less, according as tho 
frictional resistance was greater or less. »So w'o 
tind that tlio coefficient of friction of wrought 
iron on oak is *62, but that of steel on glass is *11; 
of brick on brick, *04 ; but polished marble on 
polished marble, *16. 

Another and simpler method of linding both 
static and kinetic coeflicients is shown in 49. 
W is tho w^eight resting on a board (A B). One 
end of tho board is very gradually raised until W 
slides down w'ith uniform motion (for deter- 
mination of kinetic frfetion), or until the weight 
is just about to start moving by itself (for static 
friction). When these points have been arrived 
at, then thX ratio between the height and base 
of the plane gives the coefficient of friction. In 
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the diagram the height is 8 and the base 30. 
8 

Therefore the coefficient is or *26. 


Angle of Friction. In the last experi- 
ment the angle at A which the board makes 
with the horizontal surface A C is called the 
angle of friction, the angle of repose, or the 
limiting angle of resistance. As in the previous 
ctise, it will be found that this angle is less when 
(he hoard is so inclined as to permit of steady 
and uniform motion of W than when the weight 
is about to start moving. The angle of friction 
may be described, then, as the angle made by a 
yjlane with a horizontal surfa(‘e at the moment 
when a body that is placed on the inclined 
plane begins to slide. The amount of frictional 
resistance of any substance may thus be con- 
sidered and stated, either as regards its angle of 
friction or its coefficient. CJenerally, both these 
relations are stated. The folloA\ing arc interest- 
ing examples: 


1 

SuHSTAliOKS 

Coed. 

Ang. 
of fiict. 


of flirt. 

Dog. 

Mill. 

Oak on elm, fihres ])aiall(‘l 




to motion 

•25 

14 

3 

Wrought iron ‘oil brass 

' -17 

q 

.31) 

8tcrl on cast iron . . . . , 


11 

19 

Brass on cast iron . . . . , 

‘22 

12 

25 

Hard on soft limostom* . . 

•(.IT 

33 

50 


. Kcjfcrring again to 49 , the student who has 

any knowledge of trigonometrv will see that the 

8 Bt' . 

coefficient or is tlu^ tniigoni of the angle 

B A C. Thus, the angle :it A can be measured 
and its tangent found by refen'iice to a table of 
tangents. The coefficient of friction may there- 
fore be stated in dilTercnt ways, all having the 
same meaning. In 49 it is e<[\n valent to 
height friction resistance 

base normal pressure normal pres.suro 
or tan A. ^riiis ratio is frequently represented 
by the Creek letter //. If, then. F = frictional 

F 

resistance, and B r - normal pressure, p //, and 


F ~ /xK; that is, if R be known and multiplied by 
the coefficient of friction obtained from a table, 
the amount of friction between the two bodies 
may be determined. It v ill be noted tliat in 
the first experiment the coefficient of friction 
was stated as the ratio between the friction and 


the weight, and that now normal pressjtre is sub- 
stituted for this term. By (he normal, or per- 
pendicular, pressure of a body is meant the 
amount of pressure acting perpcmHcvlarhf to 
the surface on which it rests, and though this 
would be synonymous with the weight in 48 , 
it would not bo so in 49 . The perpendicular 
pressure of a locomotive on a level track would 
be equal to its weight, but on a gradient the 
pressure acting perpendicularly tic^ the rails 
would be jess than the weight, and would con- 
tinue to grow less as the slope increased. 

Laws of Friction. Less than a century 
ago General Morin, of the French Army, dis- 
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covered, after investigations lasting two or three 
years, certain fundamental laws governing 
friction. Though more delicate apparatus and 
more extensive experiments have shown that 
the universal application of these laws fails, yet 
they are sufficiently correct for all but extreme 
cases. The laws state that : 

1. Friction is independent of the extent of 
the surfaces in contact. 

2. The amount of friction is proportional to 
the pressure betw^een the two surfaces in contact. 

3. Friction is independent of the velocity with 
wdiich one body moves over the other. 

For ordinary pressures and velocities these 
laws are generally true, but are not correct for 
high velocities and extreme pressures. As 
velocity increases, the coefficient actually de- 
creases, and vice versa. Experiments with 
lubricated journals have shown that as the 
speed of revolution slowed down from 18 ft. 
j>or second to a stop the coefficient of friction 
gradually increased. Temperature is also an 
important factor. Several other laws or con- 
ditions have also been dedueotl from experiments. 

4. Statical friction, or the friction of rest, is 
greater than kinetic friction, the friction of 
motion. This was proved in the experiments 
in (ho ]>recc(ling paragraphs. 

3. Statical 'friction is increased after the two 
surfaces have been in contact some little time. 

t). Rolling friction is less than sliding friction. 

7. In rolling friction the resistance is pro- 
portional to the weight, and inversely propor- 
tional to the radius of the wheel. 

8. The work done in overcoming friction is 
transformed into heat or electricity. 

Friction of Liquids. The laws just 
stated for solids do not apply to li(|uicls. In- 
vestigations have so far failed to discover a 
eooffieient ot friction such as that for dry sur- 
faces. Apparently, frictional resistance is pro- 
))ortional to the area of the surface of contact. 
At low velocities resistance is small, and probably 
-- speed X area of surface a coefficient, but at 
and above a certain critical speed the formation 
of counter currents increases resistance, so that 
speed in the above equation has to be squared. 
The resistance is largely independent of llie 
material composing the solid body wnth which 
it is in contact , and it is also independent of the 
pressure to which the lluid is subjected. 

The applications of the foregoing may divide 
themselves naturally under two heads — that in 
which the endeavour is made to utilise friction, 
and that whore the object sought is to reduce it 
as far as )iossiblc. Each, therefore, involves en- 
tirely opposite sets of conditions, as each has an 
immense number of applications Ife practice. 

Practical Applications : Brakes. Tak- 
ing the first group named, we see friction utilised 
in brakes, in clutch connections, and in certain 
forms of gears for transmission of power. A 
common example of brake friction was illus- 
trated in connection with the lever^ in the last 
chapter. The coefficient of friction, combined 
with the ve^ large arc of contact between the 
brake strap and its band pulley, ia so high that 
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such brakes are cajjable of sustaining weights as 
high as eight to ten tons by their friction alone. 
This is regularly utilised in cranes, in which 
the reversal of the crane movements is avoided 
by “ lowering with the brake.” That means, of 
course, not that the brake does the lowering, 
but that the weight of the load is the agent, 
and the brake regulates the rate of, and checks, 
the descent at the right instant. Thus, 50 shows 
a brake (A), a drum (B), and barrel wheel (C), 
all on the same shaft. The load is hoisted on B 
by the wlieel C, actuated by a pinion, but it is 
low'ered by braking on A. In light mechanisms 
the same device is employed to bring rapidly 
rotating parts to rest in order to save time or to 
avoid danger. The most familiar example is the 
cycle brake. 

Bailway trains are brought to rest by the 
pressure of w'oodcn or metallic brake- blocks 
pressing on a small portion of the circumference 
of the wheels [51]. But there is enormous 
pressure behind them, produced by vacuum or 
steam-pressure agency. 

Belt-Hammers. Fig. 52 show's a friction 
device that may be seen in hundreds of smithies 
today — the drop-hammer. Only the upper 
))ortion is illustrated, as with that alone we arc 
concerned. The tup, or hammer head (A), 
which delivers th(^ blow on forgings or dies, 
is lifted by the frictional contact of the leather 
belt (B), around the smooth iron pulley w'hcol (0), 
rotated coirstantly by shafting. The workman 
puts on the friction by pulling at the free end 
of the belt and letting it go w'hen the tuj^ has been 
sufficiently raised. As long as he kcej^s his 
hand on the belt, the latter makes contact 
round an arc of 180"* with the revolving pulley, 
and the latter lifts the belt and its tup by 
friction. The illustration show's the tup at its 
full height. On releasing his hand the tup falls 
instantly, and so he adj\ists the height for such 
blows as the work rec[uires — light or heavy, 
slow or rapid — by simply and instinctively 
varying the pull of the hand and thence the 
friction of the belt. 

Clutches. An immense group of friction 
mechanisms are the clutches, by means of which 
rapid connection and disconnection is made 
botw'oen moving parts of mechanism. A whole 
lino of shop-shafting driving to numerous 
machines can be sot rotating by the move- 
ment through a lever or hand wheel of a com- 
paratively tiny clutch, making connection 
l)etween it and the source of pow'er, engine or 
electric motor. It can bo instantly disconi>ected 
by throwing out the clutch. In hoisting- 
maohinety the same mechanism is frequently 
omployeef for throwing the different motions into 
and out of action. 

The clutch arrang^nents are so designed 
that reversals of motion are effected without 
altering the direction of motion of the engines. 
The same design occurs over and^ over again in 
many grou^w of machines and machine tools. It 
compHses simply [53] a double-clutch (A), sliding 
and moved by means of a lever to right or left 
to engage with corresponding reverse clutches 
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(B C), cast with bevel wheels, both of which 
engage with one crown wheel (D), so that the 
shaft rotating in one direction is made always to 
turn the crown wheel and its shaft in either one 
of two directions, according as the clutch is 
slid to right or left. These cone clutches, as they 
are termed, are used for both light and heavy 
machinery. 

Cone friction is also employed on many 
machine tools for the purpose of starting and 
maintaining movements of parts. It is in the 
form of the cone clutch (friction feed) [64 and 
66]. No great effort is required on the part 
of the attendant, but the simple turning of a 
cross handle [54] or a knob [55]. puts it in and 
out of engagement. In 64 the pinion (A), nor- 
mally running loosely on its shaft (B), is tightened 
thereon by pressure against the conod neck, 
and then drives, or is driven, by the wheel with 
w'hich it is in mesh. In 55 the cones are of largo 
size, drawm in by the knob and screw to traverse 
a lathe carriage through s})ur and bevel gears 
and rack (not shown). Fig. 66 represents a 
cone coupling for shafts. It is often made 
with two reverse cones. The cono is tightened 
round the shaft ends by friction grip obtained 
by drawing the split cono (A) along its sleeve (B), 
by the bolts (C), which are three in number. 

Coil Clutches. A successful device for 
doing away with the rigidity of the common 
c one clutcli is the coil clutch [66a]. It substitutes 
an elastic frictional medium (the coil .'V), w^hich, 
being forced endwise, contracts and grips the 
inner cone. The coning is very small in amount. 
It is instant in action, and requires little power 
to hold it in place. It amounts practically to 
a split cone, to w hich, however, it is preferable. 
Pressure is brought to bear on the coil by any 
convenient means, as by the hand wheel, screw, 
and lev'ers in the illustration. 

But a friction clutch need not be conod. It 
may have flat faces, as in the Weston clutch 
[57] and modifications of it. Hero discs of 
hard w'ood (A) as originally used are pressed into 
close frictional contact over their entire surfaces, 
and the grip is enormous. At present discs of 
steel and bronze have been substituted for wood, 
as they are more durable. 

Sellers* Discs. Another form of friction 
drive used to a large extent for nearly twenty- 
five years past are the Sellers’ discs [68]. Tw'o 
discs (A A), having a slight capacity for adjust- 
ment tow'ards and away from each other, embrace, 
or are released from contact wdth other discs 
(B and C) by a carefully graduated spring pressure 
acting on the globular boss seatings of A A. 
Motion is thus transmitted from the toothed 
gear adjacent, to B, through A^ to C, by the 
simple frictional contact of the discs, and the 
lathe feed is thus actuated. This device, of 
course, also embodies provision, though not 
shown, for varying the rates of revolution 
between the driver (B) and the driven (C). A 
lever moves the centres of A A horizontally 
in relation to B and C, and thus produces en- 
gagement between the discs at the varying radii, 
with consequent varying rates of relative speed, 
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since the discs A A are capable of gripping 
B C at any radius. There is another common 
device — the bowl feed [69], in which a smooth- 
faced wheel (A) (the bowl) is driven by contact 
with the flat face of a disc (B) at varying rates. 
The variation is producoil by altering the radius 
at which the bowl makes contact. 

Expanding Clutches. In another com- 
mon form of transmitting mechanism the friction 
is that of plain cylindrical surfaces. As these 
cannot be slid into and out of ojigagemcnt 
like the conod form, tlic inner ring (A) [60] 
is divided in the radial direction, to render it 
elastic (an expanding clutch), and a wedge (B) 
is used to force it open suihcicntly to make 
frictional contact with the outer casing. The 
wedge is actuated by tc key (C) thrust along by 
a cone (D), ab^o an example of wedge friction. 
Clutches of this general typo in various modi- 
fleations are used in hoisting- machinery, and 
in capstan lathes for the rapid throwing in and 
out of the back gears. 

Expanding clutch rings arc operated in various 
ways, one successful tyi)e, H(iywood & Bridge’s, 
being shown in 61. The ring (A) in halves is 
thrust outwards to make frictional contact with 
the outer solid ring by sliding the clutch boss (B) 
on its shaft, and with it the toggles levers (C). 
The action is to turn screws of quick jutcli on 
the pins (a «), which force the half rings outward 
aw’ay from each other simultaneously. The 
Iftind wheel ( D) is the means by which the move- 
ments arc effected, but this is a variabhi ehmienl, 
which differs in the numerous applications of 
the essential clutch mechanisms. 

Friction Gears. A fair amount of gear- 
ing is made without teeth or cogs. Fig. 62 
shows bevel wheels with smooth faces, and spur 
wheels are made similarly. I’hey drive and an* 
driven by frictional contact alone. 

In another way, friction is often utilised 
for tlu5 transmission of power, in the wedge 
gearing [63]. Wheels transmit power by int<^r- 
locking truncated wedge sections instead of by 
spur teeth. I’lie advantage is that of very 
smooth running. In other words, the friction 
is all used for driving, and none is wasted, as in 
toothed gears. Instant connection and dis- 
connection can bo made. Unfortunat(*ly, this 
method of driving is not y)owerfnl enough for 
heavy loads, and its use is therefore restricted 
to light hoists. 

Shafting Bearings. In the early part 
of this chapter the law was stated that friction 
was independent of the extent of surfaces in 
contact. Now, that fact is constantly receiving 
application in the bearings of shafting. Formerly, 
shaft bearings were short, from one and a quarter 
to one and a half times their diameter, and 
much trouble arose in consequence, due to 
their rapid wear and seizing. Now their length 
is made from twice to throe times the diameter 
or more [64J, with resulting lessening of friction 
per unit area, and greatly enhanced durability. 
Moreover, the higher the speeds at which 
machinery is run, the greater is the advantage 
of increased bearing length for tho shafting. 


This is seen, among other examples, in the shaft 
bearings of blowers and fans, of circular saws, 
of moulding cutters, and of grinding raachinos, 
where it is common to find bearings from three 
to four times longer than their diameters. 

Lessening of weight on bearings, with the 
object of nidiicing the intensity of friction, is 
studied. Thus, shafting of steel is substituted 
for that of iron, b(5causo steel may bo of smaller 
diameter and of equal strength and stiffness 
with iron. Pulleys are made of stool instead of 
cast iron with the same object. 

Belting. The friction of driving belts is 
the important factor in their application. Belts 
sli}) if the resistance of their work overcomes 
their friction. To incToasc friction as much as 
possible is the reason why horizontal are 
preferred to vertical drives, why a long drive 
is better than a short one, and why pulleys are 
selected, when possible, not greatly dissimilar 
in size. It is a question of amount of arc of 
contact. A horizontal drive is better than a 
vertical one, because the belt sags, and so lies 
better round its pnllc}^ on the driving side*. In 
a vertical drive there is no sag. A long driv(‘. 
is b(‘tier than a short one, because tlu? sag is 
greater. Using j)u]leys reasonably alike in 
regard to size, the belt makes contact round, 
approximately, half the circumference, or 
of arc, but with wry large and very small 
pulleys it makes mucli less than 180'^ of arc 
round the small one, and the belt inevitably 
8li])s, an evil which is incnuiscul when the pulleys 
are near tog<dhcr, or with a V(n*tical drive. 

Out of this great fact of friction conics the 
important problem of the efliciency of machinery. 
In some cases half, or mon^ than half, the power 
put into mechanism is lost in frietion. If a 
machine sustains sueli loss, its elhcieney is only 
.50 per cent., and, tecliiiii'ally, that is its modulus. 
This is generally ascertained by means of a 
brake dynainoincter, in which the absorption 
is measured directly. 

Rope Friction. The value of friction is 
scon in the coiling of a rope round a bar for 
the purpose of paying out or drawing in, applied 
in manj^ laborious tasks. The labourer employs 
it ill lowering heavy wine and beer casks into 
underground cellars, the woodman in felling 
trees. A crowbar is driven flrmly into the 
ground at a considerable angle to prevent the 
rope from slipping olf in the vertical direction. 
If a cask is being lowered, the rope is payed out 
in easy stages, and directly the weight begins 
to overhaul, the rope is pulled round to make 
a larger amount of contact with the bar, and 
so the cask descends safely. 

In another way, rop(^ friction is utilised in 
the w'arping-cones on wharves and dock sides 
and on shipboard. The* coil of a ro^ie twice or 
thrice round the body of a capstan is sufficient 
to bring the biggest vessels to rest, or to regulate 
their casting <5ff from their moorings. 

Rolling Friction. Wo now look briefly 
at the other aspect of friction, that in w'hich 
the endeavour is made to get rid of it os an 
undesirable thing. With regard to the two 

1307 



OROUP aO->MBOHANIOAk KNQINIBRINQ . 

kinds of friction, that of sliding, which has these is substituted for surface contact in the 

boon discussed, and rolling, the distinction is a other class of mechanism is the frictionless 

most vital one. Imagine for a moment what ideal realised. Here difficulties of manufacturing 

would hapj)cn if a brake strap and its wheels come in, and also tho difficulty of permanence, 

were thoroughly greased or oiled with such a because in proportion as wear develops does the 

sensible thickness of lubricant that the brake ideal become defeated. These things will bo 

and wheel could not come into actual contact, found treated under Machine Design, but it 

Eacli ]}aiticle of grease or oil would be a tiny is necessary to draw attention to them here, 

globule rolling between the surfaces and prevent- The difference between rolling and sliding 
ing contact. Substitute for oil an infinite number friction is illustrated in 65 and 66. A ball or 



61-70. EXAMPLES OE FRICTIONAL AND ANTI-FRICTION DEVICES 4^ 

of minute steel balls — the effect would be the. roller will run down a slope of 1 in 200 [66], 
same, to prevent tho surfaces from gripping at but a block of polished metal [66], will require 

all. That would be rolling friction, substituted an angle of 1 in 14 at least to slide down, 
for the sliding friction of tho band and wheel. Fig. 67 shows a common device in which the 
Hence, if two surfaces can be ^separated by axle of a trea^e lathe runs between three anti- 

a rolling object, the friction which absorbs power friction rollers with great ease of movement, 

is nearly eUminated. The ball and roller bear- Fig. 68 is a roller bearing, and 69, 70 ball bear- 
ings, now BO common, embody rolling friction, ings of two types, 69 l)eing for a revolving 

and are therefore to a great extent frictionless. shaft, the equivalent of a journal, and 70 one 

Just in {proportion as point or line contact in to take up^nd thrust. JOSEPH G« HOBNER 
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Latin : The Roman Calendar. Subjunctive Mood. English : 
Adverbs. French: Verb and Piurai of Nouns. Spanish. 
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By Gerald K. Hibbert, M.A. 


Section I. GRAMMAR 
Irregular Verbs : Second Conjugation 

Tlie most important exceptions to the regular 
formation of -ui and -Hum are : 

Perfect - 1 % Supine -turn 
deleo delero delevi deletum hint out 


(So also Fleo = •w eep, and -p/ro 



Perfect -ui, Supin 

3 -turn. 


doceo 

doceie docui 

doctum 

teach 

misceo 

miscere miscui 

mistum 

mix 

tcnco 

tenere. Umui 

ten turn 

hold 


Perfect -si. Supine -turn. 


augeo 

augere auxi 

auctiim 

increase 

torqueo 

torqudre torsi 

tortum 

twist 

lugeo 

lugere luxi 

— 

mourn 


Perfect -8%, Supine -sum. 


mulceo 

mulcero mulsi 

mulsum 

soothe 


Similarly, ardd) (take fire), rideo (laugh), 
suadeo (advise), maneo (remain), juhco (order, 
porf. jussi), 1i(rreo (stick), fuJgeo (glitter) 


Perfect reduplicates, Supine -sum. 


mordco -ere 

momordi 

morsum 

bite 

pendeo -ere 

pependi 

pensurn 

hang 

spondco -ere 

spopondi 

spoils um 

pledge 

tondco -ere 

totondi 

tonsum 

shear 

Perfect -i, Supine -sum. 


prandco, -ere 

praridi 

pransuin 

dine 

sedeo, -ere 

sedi 

ses.su m 

sif 

video, -ere 

vidi 

visum 

see 

Perfect -f, Supine -turn. 


cavco, -ere 

cavi 

eautum 

beware 

faveo, -ere 

favi 

fautum 

favour 

foveo, -eve 

fovi 

fotum 

cherish 

moveo, -ere 

movi 

motum 

move 

vovco, -ere 

vovi 

votum 

voiv 


[Notice that most of our Englisli nouns are 
derived from Supines — e.g., torture, tonsure, 
vision, session, etc.] 

Also three deponents : 
fateor fateri fassus coni ess 

misereor miscreri misertus hare pity on 

or miscritus 

reor reri ratus think 


The Roman Calendar 


Names of the Roman months (all adjectives) ; 


Januarius, a, um 
Februariufi^ a, aim 
Maitius, a, um 
Aprilis, e 
Maius, a, um 
Junius, a, um 


Quintilis, e {or Julius) 
Soxtilis, e (or Augustus) 
September, bris, bre 
October, bris, bre 
. November, bris, bre 
December, bris, bre 


[The year originally began with March ; 
therefore, July was the fifth, September the 


seventh month, and so on. Quintilis and 
Sextilis wen? later called Julius and Augustus 
in honour of Julius Ciesar and the Emperor 
Augustus."! 

Every Roman month had three chief dajrs : 
Falenda\ -arum (Calends) ; Nonw, -arum 
(Nones), Idils, Iduum (ides) : all three feminine. 
The Calends were always on the 1st : the Nones 
usually on the 5th, and the Ides usually on the 
llUh. But in March, May. July, and October, 
the Nones and Ides were two days later — i.e., 
on the 7th and 15th respectively. 

From these days the Romans counted hack- 
wards, th(? days between the 1st and the Nones 
being reckoned as so many days before the 
Nones ; the days between Nones and Ides, as 
so many days before the Ides ; and the remain- 
ing days of the month as so many days b(‘fore 
the Calends of the next month. 

1. When the date falls on one of the three 
chief days, the date is put in the ahl., the month, 
of course, agreeing with the noun. 

Jan. 1st Kalendis Januariis. 

March 15th, I dibus Marliis. 

Nov. Tith, Nonis Novernhrihus. 

2. The day immediately preceding any of 
these three reckoning points was called “pridic ” 
(7.6,, priore die), followed by the acc. 

Jan. 3lBt. Pridic. Kalendas Fehruarias. 

A pi. P2th. Pridic Idus A priles. 

Oct. 6th. Pridie Nonas Ortobres. 

3. In any other datt% we find out how many 
days it is before the next Calends, Nones, or ides, 
(remembering to count in both the date in 
(juestion and the Calends, etc..). Thus, Jan. 30th 
is the third day before the Februarian Calends, 
and would be in Latin ante diem tertium Kalendas 
Februarias. 

Further examples : 

Dec. 2nd. Ante diem quartum Nonas Decembres. 

March 16th. a.d. septimum decimum kalendas 
A prileji. 

These are usually written “ a.d. IV. Non. 
Dec.,'’ and “a.d. XVIT. Kal. Ap.,” and so with 
the othci’s. The original signification of this 
expression seems to have been “ before (on the 
fourth day) the Nones of December,” the exact 
day l)eing thrown in parenthetically, and 
attracted from abl. to acc. in consequence of 
following “ ante.” • 

4. In Leap Year, Feb. 24th (a.d. VI. Kal. 

Mart.) was reckoned twice, hence this day was 
called dies ^Jrd leap year itself, annus 

hissextilis. 


FRENCH, HERMAH, SPANISH, LATIN, ENHLISH 
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Section II. COMPOSITION. 

The Subjunctive Mood. This is one 
of the most difficult subjects in Latin. English 
usage gives no guidance, and, in fact, the subj. 
is as common in Latin as it is rare in English. 
In the following sentences, for example, the 
words in italics would be in the subj. mood in 
Latin : “ It was so cold that the water froze 
(consecutive after ut). “ I asked why ho did 
this ? ” (indirect question). “ I fear that you 
are ill.” “ Ho said that tho man who did this 
should die ” (dependent verb in Oratio Obliqua). 
“ There is no doubt that twice two are four.” 
Roughly, we may say that the indicative 
indicates a fact, while tho subj. expresses 
“ something which we regard rather as a mere 
coneeptiem of the mind, as that which we 
purpose or wish to be a fact, or to which wo refer 
as the result of another fact, or as stated on 
other authority than our outi.” 

Usually, tho subjunctive is used in certain 
classes of subordinate or subjoined clauses. But 
it is also used both in simple sentences and in 
the main clause of a compound sentence in the 
following cases : 

1. To make a statement in a hesitating 
manner, sometimes called the potential mood. 
This is strictly a hypothetical subj. with tho 
condif ion not formally expressed. 

Hoc dicere ausim ” I would dare to say this 
(if I were allowed). 

Vix crediderim = I can hardly believe. 

Hoc facias velim — I would have you do this 
(“ ut ” understood with “ facias ”). 

2. To ask a question, rhetorically, not 
for information ; sometimes called dubitatJvo 
questions. Usually a iK'gative answer is 
expected. 

Quis credat ? — who would believe ? 

Quid ego facerern — what was I to do ? 

3. To express a wish or desire (optative or 
jussive), often with utinam ( — w'ould that !). 
Negative ne. 

Utinam adjuvisset -- would ho had been present ! 
T)i Carthaginern deleant — may the gods destroy 
Carthago. 

Ne transieris Iheruin — do not cross the Ebro, 
(In negative commands, use the perf. subj., not 
the imperative. Or else say mli transire — be 
unwilling to cross.) 

Only in thesis classes of sentences is the subj. 
found in simple or principal sentences. In all 
tho rest it is in subordinate sentences. Including 
those given above, tluue aro eight main uses 
of the subj. mood : 

1. Hypothetical : see No. 1 above. In these 
sentences the protasis (i.c., the if clause of 
a conditional sentence) is suppressed. 

2. Conditional — e.g., J^i jussisses (protasis), 
fecissem (apodosis) — if you had bidden, I should 
have done it. Si adsis, facturus sum = if you 
should be there, I mean to do it. ^ 

3. Optative, jussive, or concessive (see No. 3 

above). “ The imperative is the language of an 
absolute master ; tho subj. is a suggestion to an 
equal or superior.” , , . . 
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In concessive sentences, a person rhetorically 
commands or supposes a change of what he 
knows or believes to be the fact. 

4. Final, expressing purpose (negative ne). 

(a) In adjectival sentences : Dignua eat qui 
vincat = he is worthy to conquer. Mitto 
qui dicat — I send someone to say. 

(b) In sentences introduced by ut (in order 
that), ne, quo^ quoniinuSy quin : Ede ut 
vivas — eat that you may live. Non vixit 
ut ederet — he did not live to oat. 

(c) In sentences of time or condition, with 
dwm, dummodOf doneCy priusq^ianiy etc. 
Oderint dum metuant — let them hate pro- 
vided they fear. 

5. Consecutive, expressing result ; usually 
with ut = so that (negative, ut non ) : Tam 
dehilis sum ut non ambulare possim — I am so 
feeble that I cannot walk. Is sum qui illud 
faciam T am tho man to do that. 

6. Subj. of attendant circumstances : Qno’. 
quvm ita sint, hoc^ dico = under these circum- 
stances (lit. since which things are so), I say this. 
Peccavisse videor qui illud fecerim — I seem to 
have sinned inasmuch as I have done that. 

7. Subj. of reported statements, comprising 
sentences of definitions, reasons, and questions, 
which are given not as the speakers own^ but as 
someone else’s. 

Contrast ” Laudat pucrum quod, fuit absti- 
nens ” (the reason alleged being given on tho 
speaker’s own authority) with “ Laudat puerum 
quod fiierit abstinens ” (the reason being a 
reported or assumed one, “ Ho praises the boy, 
because ho understands the boy to be abste- 
mious ”). 

8. Subj. because dependent on another subj. 
or infinitive. In all such sentences tho sub- 
junctive simply prevents the speaker from being 
supposed to be ri‘sponsible for tho statements, 
etc., reported, or to be giving them as independ- 
ent assertions. To this head, of course, belongs 
the subj. in Oratio Obliqua. Examples : 

(a) Depending on infinitive ; 

' Dicit eos qui honi sint beatos esse (he says 
that those who aro good arc happy). 

(b) Depending on another subjunctive : 

Petit ut Us qui adf uerint credamus (he asks 
that we should believe those who w^ere 
present). In such a case as this it is often 
said that adfuerint is attracted into the subj. 
by credamus. 

To BE Turned into Latin Prose. 

THE FUNERAL OF OLIVER CROMWELL. 
By Abraham Cowlry. 

It was the funeral -day of the late man who 
made himself to be called Protector. And 
though I bore but little affection, either to the 
memory of him, or to the trouble and folly of all 
public pageantry, yet I was forced by the im- 
portunity of ihy company to go along with them, 
and be a spectator of that solemnity, tho ex- 
pectation qf which had be^n so great that it was 
said to have brought some very curious persons 
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(and no doubt singular virtuosos) as far as from 
the mount in Cornwall and from the Orcadcs. I 
found there had been much more cost bestowed, 
than either the dead man, or indeed death itself, 
could deserve. There was a mighty train of 
black assistants, among which, too, divers princes 
in the persons of their ambassadors (being 
infinitely afflicted for the loss of their brother) 
were pleased to attend ; the hearse was magnifi- 
cent, the idol crowned, and (not to mention all 
other ceremonies which are practised at royal 
interments, and therefore by no means could be 
omitted here) the vast multitude of speedators 
made up, as it uses to do, no small part of the 
spectacle itself. 

Latin Version of the Above. 

Dies crat quo inferebantur . tumulo reliquije 
illius qui Protcctoris nomen occupaverat. Me,'* 
quamvis^* neque" viri" memoriae*'^ neque'- 
operos 80 ^^ publicarum'^ sollemnitatum^“ vani- 
tatis*^ admodum^ studiosurn'*, perpulerc'* tamen* 
socionim*'^ preces^ ut cum iis spectarem pompam 
illam, qua5 tarn cupide jamdudum fucrat ex- 
pcctata, ut nonnulli curiosiores, limatissimo 
nimirum ingenio homines, usque a monte a pud 
Comubios et ab Orcadibus insulis visendi raum* 
in urbem progress! essent. Intellcxi multo plus 
in funus crogatum esse quam pro mortui mentis, 
immo pro mortis ipsius dignitate. Ingens pul- 
latorum ordo, assistentihus etiam quihusdam 
legatis, qui regum personas fratrem surrimo 
studio desiderantium sustinerent : feretrum 
splcndidissimum ; coronata effigies ; denique, 
no omnia alia commemorem quaj, utpote in 
regum funeribus sollemnia, hie nullo modo 
omitti poterant, pars hand exigua spoctaculi 
fuit, ut lit, vasta spcctantium multi tudo. (J. 
Coning ton. ) 

Section III. TRANSLATION, 

A Letter from Cicero to hih Friend Aiticus. 

Written in March, b.c. 4(3 : 

. Undocimo die postquam a te disce.sscram, 
hoc litterularum exaravi egrediens e villa ante 
lueem, atque eo die eogitabam in Anagnino, 
postero autem in Tusculano ; ibi unum diem. 
V. Kalend. igitur ad constitutum ; attjuc utinam 
continue ad complexum meie Tullia?, ad oscu- 
lum Attica9 posaim currere ! quod quidem 
ipsum scribe, quasso, ad mo, ut, dum consisto 
in Tusculano, sciam quid garriat, sin rusticatur, 

^ Causa is an abl. — for the sake (or pur- 
pose) of ; it follows the word which it governs: 
Hero translate “ for the purpose of seeing.” 


quid scribat ad te, eique interea aut scribes 
salutem aut nuntiabis, itemque Pilifo. Et tamen, 
etsi continue congressuri sumus, scribes ad me, 
si quid habebis. 

Cum complicarem hanc cpistolam, noctua- 
bundus ad me venit cum epistola tua tabellarius, 
qua lecta do Attica) fobricula scilicet valdo 
dolui. Reliqua, qua?, exspoctabam, ex tuis 
litteris cognovi omnia ; sed quod scribis “ igni- 
culum matutinum gcrontikon ” (a Greek adjec- 
tive, meaning “ characteristic of an old man ”), 
gerontikoteron (comparative) est memoriola 
vacillare : ego enim IV. Kal. Axio dederam, 
tibi III., Quinto, quo die venissem, id est prid. 
Kal. Hoc igitur habebis, novi nihil. Quid ergo 
opus orat epistola ? Quid ? cum coram sumus 
et garrimus quicquid in buccara ? Est profecto 
quiddam “ lesche ” (gossip), qiiffi habet, etiam 
si nihil subest, collocutione ipsa suavitatem. 

English Version of Above. 

Eleven days after leaving you, T am scrawling 
this bit of a note as I am starting from my 
country-house before dawn. 1 think of being 
at my villa at Anagnia to-day, and Tusculum 
to-morrow. Only one day there, so I shall 
turn up to time on the 28th, and, oh that I 
could run on at once to embrace my l^illia and 
give Attica a kiss ! As to this very thing, do 
write me, I beg you, that while I am stopping 
at Tusculum I may know what she is prattling, 
or, if she is in the country, what she writes to 
you about. Meanwhile, cither send or give her 
my love, and also to Pilia. Yet even though we 
shall meet immediately, write to mo if you have 
anything to say. 

P.8. When I was fastening up this letter, 
your courier reached me aft(‘r travelling all 
night with your letter. I am very sorry, you 
may be sure, to hear, on reading it, about 
Attica’s fever. All the other nows T was waiting 
for I now know from your letter, but when you 
write that “ to want a little lire in the morning 
is a sign of old age,” 1 retort “ it is a surer sign 
of old age that one’s poor memory should 
falter.” For I had intended to spend the 29th 
with Axius, the JlOth with you, and the 31st with 
Quintus. So take that for yourself : you shall 
get no news. I’lien why Avrite, you say ? And, 
pray, what is the use of our chattering when Ave 
arc together and saying Avhatcver comes to our 
tongues ? Surely there is something in a good 
gossip after all : for even if there is nothing in 
it, the very act of our talking together has a 
charm of its own. 


Continued 


ENGLISH 

ADVERBS 

Just as adjectives qualify nouns, so adverbs 
modify or limit verbs — as, “ Agag came unto 
him delicately,^' “ He gives twice who gives 
quickly." This usage has been extended, and 
adverbs can now modify adjectives and other 
adverbs in addition to verbs, as: “Too many 


By Gerald K. Hibbert. M.A. 

cooks spoil the broth ” (too modifying the 
adjective many), “ He struck mo very for- 
cibly ” (one Rdverb very modifying another, 
forcibly). 

Adverbs, like adjectives (from which they 
are mostly formed), are usually classified 
according to their meaning : just as we divided 
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adjectives into Qualitative, Quantitative, and 
Relational, so wo can divide adverbs. Tims ; 

♦ 1. Adverbs OF Quality: Well, ill, badly, 
and all the adverbs in -ly derived from ad- 
jectives : Iww, however, so, as, likewise, etc. 
(sometimes called Adverbs of Manner). 

2. Adverbs of Quantity ; • 

a. Degree : Very, nearly, almost, too, quite, 
enough, rather, much, more, most, little, less, 
least, only, hut, just, even, any, the (as in 
“ the more the merrier ”). Also the adverbs 
of Affirmation and Negation : Not, no, 
nay, aye, yea, yes. 

h. Repetition of Time — as, once, twice, thrice, 
often, seldom, always, etc. 

3. Adverbs op Relation, showing 

a. Time : Noiv, then, after, before, soon, ago, 
instantly, etc. 

h. Place and Afrangement : Firstly, secondly, 
thirdly, here, there, hither, thither, hence, 
thence, inside, outside, up, down, etc. 

c. Cause and Consequence : Why, therefore, 
wherefore, accordingly, consequently, etc. 

It will be noticed that some of the words 
appearing in this list of adverbs liave previously 
appeared as other parts of speech. As, for 
example, was included under Relative Pronouns ; 
and much, little, no, any, were included under 
adjectives. To determine what part of speech 
a word is in a given sentence, w(‘ must consider 
the purpose it serves. Thus, “ This is the same 
as that ” (relative pronoun - “ This is the 
same which that is”); ho went out, ho 
wept bitterly ” (adverb denoting the time of 
the action). Again, “Give him no peace”, 
(adjective), “ This is no better than that ” 
(adverb). Similarly, much, little, and any 
l)ofore comparatives are adverbs. 

Formation of Adverbs. 1. From 
Adjectives. Most adverbs are formed by add- 
ing dy to the corresponding adjective — e.g., 
wild, wildly ; cheerful, cheerfully. I’he termina- 
tion 4y ( - like), is the Anglo-Saxon termina- 
tion -lie (adjective), lice (adverb). 

Adjectives ending in y preceded by a con- 
sonant change y into * before ly — e.g., hearty, 
heartily; speedy, speedily. Shy m an excep- 
tion, making shyly, not shily. The adjective 
gay, which should strictly have gatjly as its 
adverb, now usually makes gaily. 

Adjectives ending in -le change the c into y — 
e.g., noble, nobly ; horrible, horribly. When the 
adjective already ends in -ly the same form is 
generally used for the adverb— e.gf,, the adverb 
of godly is usually (“We should live soberly, 
righteously and godly in this present world,” 
Titus ii. 12), though gadlily is sometimes used 
nowadays. So also likely : “ a likely story ” 
(adjective) ; “ he will very likely come (adverb). 
Other adverbs derived from adjectives are 
once, twice, thrice (for ones, twyes, thries), una- 
wares, flcUlong. Some adjectives, in addition to 
those ending in 4y, are used as adverbs without 
any change of form— “run fast,*' “stand 
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firm,'* “strike deep," "pretty good," “Think 
not 80 slight of glory ” (Milton). 

2. From Nouns. Needs (os in “ If I must 
needs . glory ”), whiles; sideways, lengthways, 
sifaighttvays, noways, are genitive oases of 
nouns. Whilom (“ at whiles,” “ formerly ”) 
and seldom are dative cases plural of hwil ( = 
space of time), and seld ( = rare). Other adverbs 
derived from nouns are headlong, sidelong, 
piecemeal (mael = part), (“All the 

infections that the sun sucks up . . . on 
Prosper fall, and make him by inch-meal a 
disease ! ” — Tempest), limb-meal (“ 0 that I had 
her here to tear ^ her limb-meal ” — Cymbeline), 
sometimes, always, perhaps, otherwise, midway, 
etc. Many adverbs are compounds of the pre- 
position o (moaning o7i) and a noun, as afoot, 
abreast, aside, asleep ; while some are com- 
pounds of other prepositions with nouns, as 
hclwies (by times), besides, indeed. 

.3. From Pronouns. Thus, then, than ; here, 
hither, hence ; there, thither, thence ; where, 
whither, whence ; why, how (for whow), and all 
the other adverbs formed from the Relative 
Pronouns, such as wherefore, whereat, wherein, 
whereby, etc. 

These adverbs, that are derived from the 
Relative J^ronoiins (with, the addition of as and 
than), are Connective or Conjunctive adverbs ; 
that is, they retain the connective j)ower which 
wo have seen belong to Relative Pronouns. A 
(-onnectivo adverb introduces a subordinate 
clause, and modifies the predicate of this clause. 
There is always an antecedent cxjiiessed or 
understood in the , principal sentence : thus, 
“ lie fell full length, whereat the b 3 ''standcrs 
laughed immoderately” (whereat _ modifies 
laughed ; wo know it to bo a Connective or 
Relative adverb because we could substitute 
“ and thereat ” for it). Again, “ And now, too 
soon for us, tlie circling hours 1'his dreaded 
time have compassed, wherein we Must bide the 
stroke of that long-threatened wound ” (Paradise 
Regained). 

Here wo could substitute “ and therein ” for 
“ wherein.” The antecedent hero is time ; 
in the previous illustration the antecedent is 
“ the fact of his falline.” Those Connective 
Adverbs must be carefully distinguished from 
Conjunctioas. 

Negative Adverbs. Not is shortened 
from nought or naught, and literally means 
“ in no whit, in no degree.” In Old English, 
ne ( = not) is employed before, the verb, and a 
form corresponding to naiight after the verb, 
the two negatives strengthening each other ; 
thus, .in Robert of Gloucei^r’s Chronicle 
(a.d. 1298) we find “ Ne be thou naught so 
sturno ” (“Be thou not in any way so stern ”), 
and' in ChuMCoPB Canterbury Tales we have 

“ There was also a Doctour of Physik, 

In all the world ne was there none him like.” 

Also “ Nor hath not one spirit to command ” 

(Tempest). 

In modern English, two negatives, so far from 
strengthening each other, neutralise each other. 
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although Matthew Arnold follows the old usage 
when he writes ; 

“ No easier nor no quicker pass'd 
The impracticable hours.” 

No and nwf are from na, moaning*ner^r, while 
aye (affirmative) is from a, meaning ever (cf. 
for ayet meaning for ever. “ This world is not 
for aye,” Hamlet). Yes is from Anglo-Saxon 
gese or gea, yea, and sy (subjunctive mood, 
meaning “ let it be ”). 

Comparison of Adverbs. Most adverbs 
are compared by prefixing more and rnost to 
the positive, os willingly , nwre willingly^ most 
willingly. But a few, and especially those 
which liave the same form as tlie correspond- 
ing adjectives, afo formed by the suffixes -er, 
~est ; as : 


Positive, 

Comparative, 

Superlatii 

firm 

firmer 

firmest 

fast 

faster 

fastest 

soon 

sooner 

soonest 

early 

earlier 

earliest 


The following are irregular (see “ Comparison 
of Adjectives ” on page :^05) : 

Positive. Comjxirative, Stipe.rlative, 

well bettor best 

badly, evilly, worse worst 

or ill 

much more most 

far farther farthest 

forth further furthest 

. , / nearest 

nigh or near nearer I next 

C<mti 


Positive. 

Comparative, 

Superlative. 

late 

/later 

latest 

Matter 

last 

[rathe, adjec- 

rather 

— 

tive] 

ore 

erst 

lief 

liefer 

— 


Ilathe meant gvicky early ; Rather^ therefore, 
means quicker, earlier^ sooner. Thus, in Piers the 
Plowman^ l)y William Langland (a.d. 1302), we 
find it used as an adverb : 

“ l.et not thi liift bond, late ne rathe^ 

Boo war what thi right bond worcheth or 
deleth.” 

(“ Let not thy left hand, lat(5 nor early, bo 
aware of what thy right luind worketh or 
distributeth. ’) 

Also Milton in Lyridas has “ the rathe }»rim- 
rose ” (adjective). Hath is still used in the Sussex 
dialect, as “ Happens you were up rath this 
morning ” (adverb), “ She is given to taking 
long rambles in the rath morning ” ^adjective). 

ICrc is the Anglo-Saxon acr, a comparative 
adverb of time. It is now used mainly as a 
conjunetion. Erst means formerly, and is 
shortened from aerest. 

Position of Adverbs. Adverbs are 
usually placed as near as possible to the words 
they modify, and generally before an adjective 
or other adverb, and after a verb. For emphasis, 
however, an adv(‘rb may precede the verb, and 
oven stand as tlie first word of a semtenee. 
The poets fakc‘ liberties with adverbs, and placi' 
them as they like ; thus, xMilton writes: “ Tlie 
rest .... will far be found unworthy to com- 
pare w'ith Sion’s songs,” inst(‘ad of “ far un- 
w'orthy.” 'J’his usage should not be imitated. 
nned 


FRENCH 

THE VERB 
First Conjugation 

The first conjugation consists of verbs of wlych 
the infinitive ends in er : aimer, to love, like ; 
donner, to give ; garder, to keof) ; marcher, to 
walk ; regarder, to look : representer, to repre- 
sent. 

llic endings of all regular verbs of the first 
conjugation in the pre.sent indicative arc ; e, a 
€, one, ez, ent ; 

_*f ffirmatively. 
paitne, I love 
tu aimes. thou lovest 
il aimct he loves 
elle aime, she loves 
nous nimons, we love 
vous aimez. you love 
ils ahnent, they (m.) lovo 
elles aiment, they (f.) love 

Negatively. 

je ne donne pas, T do not give 
tu ne donnes pas, thou dost not give 
il ne donne pas, he does not give 
elle ne donne pas, she does not give 

ID 
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nous ne donnons pas, we do not give 
vous ne donne': /mis you do not give* 
ils ne domcrit pas, they tm.) do not give 
dies ne donnent /His, th(\y (f.) do not give 

The syllable ent of the third penson plural i** 
mute. 

Exeuctsk VI. 

Vocabulary. 

un appHit, an a]q)etite la charrette the cart 
un arbre. a tree le chaurne, the tlmteh 

une auhe/nne, a haw- le. chewl, the horse 

thorn le cloche.r, the steeple. 
un auhour, a laburnum la colline, the hill 
en autornne, in autumn lx: contrerent, iho nhutiOT 
la bate, the berry la cour, the courtyard 

the building la c,ouvertare,X\\v cover 
le hard, the edge le cuisinier tlu^ cook 

le bout, the end une eau, a water 

la hrebis, the slieep une ecurie, a. stable 
la campagne, the (for hoi*ses) 

country ime eglise, a church 
la cerise, the ehiu’ry en He, in summer 
le cerisier, the cherry une etahk, a stable 

tree (for cattle) 

1313 


D a5 



GROUP 21>.PRKNCH 


un exerctce, an oxt*rcise la ville, the town 
la faiM, the hunger une yeuse^ an cver- 
la jermBf the farm green oak 

le festiriy the feast la voiturCy the carriage 
la feuilky the leaf agreable, pleasant 
la fillet the girl beauy fine, beautiful 

le fruity the fruit hlanCy white 

le factenr, the postman hoUy good 
la (jiroutUe, the vane clair, clear 

la gravurey the douXy sweet 

’ engraving fraisy fresh 
Vherbe (f.); the grass fiUy delicate, .dainty 
en hivefy in winter grand y big, tall 

un homwey a man gaiy cheery 

le houxy the holly haut, high 

le jardiny the garden joliy pretty 
la jumenty the mare largey broad 
la lainey the wool luimnty glossy 
le laity the milk wmr, ripe 

le laurieVy the laurel-tree nouveau y new 
la lettrey the letter nuy bare 
le lilaSy the lilac piguanfy prickly 

le tnagasiuy the shop phiny full 
le rnef'Sy the dish (food) proprCy clean 
la neigey the snow rouges red 
le priy the. meadow mroureux, luscious 
la personncy the person tristey dreary, sad 
la poircy the pear utilcy useful 

le poin'er, the pear-tree verty green 
la 'ponimey the apple vieuXy old 
le pmnmiery the apple- gardeVy to keep 
tree je prendsy I take 
le jxmty the bridge je vaisy I go 
au printempsy in spring je voitiy I see 
le repasy the meal d, at, to 
la ruBy the street au dela de, beyond 

le reverberty the street- dr, of, from 

lamp d err i ere, behind 

la rivUrCy the river demnt, before, in 
le saCy the bag front of 

/c .wrfeicr, the mountain- par, through, by 
ash parmi. amongst 
ki terre, the ground aussi, also 
le trottoiTy the footpath plusieurs, several 
la vache, the cow taujoursy always 

le verger, the orchard quatul, when 
I look through the window. In front of the 
window there is a large garden. In the garden 
th(u*e are some trees. Amongst the trees there 
are a tine laburnum, a pretty lilac, a hawthorn, 
an evergreen oak, and a mountain-ash. There 
are also some laurel-trees. They are always 
green. The evergreen-oak also is always green. 
In autumn the mountain-ash has berries. They 
are red. In winter the holly has berries also. 
Tlie h'aves of tlu^ holly are glossy and prickly. 
In spring the holly and the mountain-ash have 
no berries. Beyond the trees I see a bridge. 
Under the bridge there is a small river. The 
water of the river is fresh and clear. Beyond 
the bridge there is a broad street. The street 
has two footpaths. At the edge of the foot- 
paths there are some street-lamps. In the 
street there are several persons They walk 
on the footpath. One of the persons is a 
postman. He has a bag full of letters. There 
are also a carriage and a horse. There is no cart. 
At the end of the street there is a church. It 
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has a fine steeple. The steeple is high. It has 
a vane. The cnurch is not old, it is new. From 
the window I go to the table. I take a little 
book. The cover of the book is blue. In the 
book there are some pretty engravings. One of 
the engravings represents a farm. The farm 
is in a large courtyard. It has a stable-for- 
horses and a stable-for-cattle. In the stable- 
for -cattle there are cows. The cow gives milk. 
The stable is the horses’ house. The stable is 
not a large building. In the stable there are 
a young horse and an old mare. Near the farm 
there is a meadow. In the meadow there are 
sheep. A little girl keej^s the sheep. The 
sheep gives wool. The wool of the sheep is 
useful to (the) man. Behind the farm there is 
an orchard. In the orchard there are apple- 
trees, pear-trees, and cherry-trees. (The) 
apples ar(i the fruit of the apple-tree. (The) 
apples are good when they are ripe. (The) 
cherries are the fruit of the cherry-tree. They 
are sweet. (The) pears are luscious. I like 
the country. In summer I go to the country. 
I have a little house on a plca,sant hill. It is 
white. The shutters are green. The roof is 
of thatch. It is clean and cheery. In (at) the 
country (the) exercise gives a new appetite. 
(The) hunger is a good cook (f.). The dishes 
are dainty. The meals are feasts. In winter 
.1 do not like the country. It is bare and 
dreary. 'Phe trees have no leaves. There is 
enow on the ground. In winter 1 like the town. 

FORMATION OF THE PLURAL 
Nouns and Adjectives 

Nouns and adjectives form their plural in the 
same way, and according to the following rules : 

1. To form the plural of nouns and adjectives, 
add s to the singidar : le lirre, the book, /r.<* 
livreSy the books ; nn enfant a polite child, 
des enfants polis, polite children ; la belle orange, the 
line orange, les belles oranges, the tine oranges. 

2. When the singular ends in s, x, z, there is 
no change for the plural : le fils, the son, les 
fils ; la voixy the voice, les voix ; le nez, thti 
nose, les nez ; un fils doux et soumis, a gentle 
and dutiful son, des fils doux et soumis. 

3. When the singular ends in au, eau, eu, the 
plural is formed by adding x ; le nogau, stone 
(of fruit), les noya'ux ; le bateau, boat, les 
bateaux ; le feu, fire, les feux ; un livre hebreu, 
a Hebrew book, des livres hebreux. The noun 
landmiy landau, and the adjectives bleu, blue, 
and feuy late (deceased), take s for the plural: 
un landau bleu, a blue landau, des landaus bleus ; 
le feu prince, the late prince, les feus princes. 

4. The following seven nouns in on also take 
X for the plural ; bijou, jewel ; saillou, pebble ; 
ckou, cabbage ; genou, knee ; hibou, owl ; 
joujouy toy ; pou, louse. All other nouns in ou, 
and all adjectives in ou take s : le clou, nail, 
les clous ; le verrou, bolt, les verrous ; un corps 
mouy a soft body, des corps mous ; un prix fou, 
an extravagant price, des prix fous. 

5. When the singular ends in al, the plural is 
formed by changing al into aux : le mal, evil, 
ache, les maux ; le cheval, horse, les chevaux ; 
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te tribunal, lea tribunaux ; un conaeil amiccU, 
friendly advice, dea conseils amicaux ; Y instinct 
brutal, brutal instinct, les instincts brutaux. 
Exceptions : The following (a) nouns and (b) 
adjectives take s for the plural ; (a) aval, 

endorsement ; bal, ball (party) ; cal, callosity ; 
carnaml, carnival ^ chacal, jackal ; iiopal, nopal 
(Indian fig) ; pal, pale ; re^al, treat ; (6) fatal, 
final, filial, glacial, jovial, inagistral (masterly), 
matinal (matutinal), mental, natal, naval, penal, 
sentimental. 

6. The nouns in ail in common use are nearly 
equally divided between (a) those that form 
their plural by changing ail into aux, and (b) 
those that only add s. 

(a) Bail, lease, haux ; corail, coral, coraux; 
email, enamel, emaux ; soupirail, air-hoU*, 
soupiraux ; vantail, leaf of folding-door, 
vantaux ; vitrail, stained-glass window, vitraux. 

(b) Camail, bishop’s cape, camails ; dHail, 
detail, details; eventail, fan, hentails ; gouvernail, 
rudder, gouvernails ; poitrail, chest (of horses), 
poitrails ; portail, porch, portaiU. 

7. The plural of some nouns offers pcculiariliK s 

and irregularities : (a) aieul in the sin<^ular 

means grandfather, and has aie/uls for its plural : 
il a deux aieuls, he has two grandfathers. It 
has a second plural form with the meaning of 
ancestors : il a des aieux nobles, he has noble 
ancestors. In this second sense the word is 
never used in the singular. It is customary to 
say “ one of the ancestors,” instead of “ an 
ancestor.” 

(h) Ail, garlic, has two plurals, aiU and aulv. 
Botanists prefer the regular form : la famille rln 
ails, the garlic family. The irregular fortu is 
more commonly used : il y a des aulx cuKivrs d 
dea aulx sauvages, there aro cultivated garlic 
plants and wild garlic plants. 

(c) del, sky, heavens, usually has the plund 
eieux : la voute des cieux, the heavenly vault. 
When del is used (a) to indicate the skies of 
pictures, (6) as the equivalent of climate, or (r) 
in a figurative sense, its plural is dels : {a) il 
peint ae beaux dels, he paints beautiful skies ; 
(b) la Orece et V Italic sont situees sous de bmux 
dels, (iroece and Italy are situated beneath 
beautiful skies ; (c) des dels de lit, bed canopies. 

(d) (Bil, eye, usually has the plural yeux : file 
a de beaux yeux, she has’ beautiful eyes. In 
compound words in which it is used figuratively, 
it forms its plural regularly : des mls-de-bo uf, 
bullseye windows ; des (dls-de-chat, catscyes 
(precious stones). 

(e) Travail, when it means work, has the 
plural travaux : des travaux manuels, manual 
labour. When used in the sense (a) of a brake 
for shoeing vicious horses, or (b) of official 
reports to the head of a department, it forms its 
plural regularly. 

(/) Betail has no plural, and bestiaux has no 
singular. Both mean cattle, and may be used to 
supplement each other. 

8. Some nouns have one meaning in the singu- 
lar and two meanings in the plural. The most 
usual of these are; une Urme, weapon, des 


armes, weapons, and coat of arms ; un arret, 
stoppage, des arrHs, stoppages, and arrests ; h 
ciseau, chisel, les dseaux, chisels and scissors ; 
la defense, defence, les defenses, defences, and 
tusks ; le. fer, iron, les fers, different kinds of 
iron, and fetters ; la lunette, telescope, les 
lunettes, tcilescopcs, and spectacles. 

9. 8ome nouns are usoil only in the plural. 
The most common of them are : 


les agres (m.), rigging 
les aU ntours (m.), sur- 
roundings 

les broussaillrs (f.), 
brusliwotul 

les decoinhres (m.), 
rubbish 

les de juris (m.), (‘.ost.s 
environs (m.), environs 


frais (lu.), expenses 
fun(raiUesm(i . ), funeral 
irnmondives (f.), filth 
matiriaux (m.), ma- 
terial 

maurs (f.), morals, 
manners 

ohsuiucs (f.), ohsequie; 
ienebres (f.), dark- 
ness 

vivres (m.), provisions 


fian(;ailles 

trothal 


(f.), be 


Exercise VII. 


1. I’hero ar(i some beautiful books, 

2. The children aro polite. 

3. You have some fine oranges. 

4. lioais have rudders. 

5. Peaches (pMie) and apricots have stones. 

0. Wc have given prizes [jnix) to the pupils 
(ileve). 

1. The doors have no bolts. 

8. The children's toys arc broken (casse). 

9. The princess's jewels have cost (coiite) 

exorbitant priccjs. . . 

10. There arc some cabbages in the garden. 

11. The shepherds (6e/7/rr) tend (garde nt) the 
flocks (troupeau). 

I‘J. Horst'S arc useful animals. 

1 .‘1. There are no jackals in England ( .1 nglelerre). 

14. The chiirtlies (eglise) liavc beautiful 
sta i lied -gl ass wind o ws. 

]o. The generals have noble ancestors. 

10. We have no net'd of fans. 

1 7. The little girls have? blue eyes (iht* (‘yes blue). 

18. They have given several (plusieurs) balls. 

19. 4’he vault of the heavens is strewn with 
(parsernh de) stars (etoile). 

20. The works of men are perishable ( jnrissable). 

Key to Exercise V. (pagtj 920) 

1. Il y a quatre saifons : le printemps, I'ete 
rautonme, et I’hiver. 2. Lc printemps (‘st la 
premiere saisonde Tannee. 3. L’hiver n’estpas 
la saison des (leurs. 4. En et6 il n’y a pas de 
neig(‘. 5. Le mois de Decembre est un des mois 
de riiiver. 6. La pommt^ est lo fruit du pommier. 
7. Le rosier n’a pas des fruits. 8. I^ chene est 
un arbre, la bruy6ro est un arlirisseau. 9. Il 
y a un hetre ot uno aubepine derri^re la riiaison. 
10. Il a une prune, elle a un abricot, et nous 
avons dos cerises. 11. 11 y a un oiseau dans 
la cage. 12. Les enfmits sont sur la plage. 
13. Le fr^re et la steur out la rougcole. 14. J’ai 
uno migraine. 15. Lo mensongt; est un vice. 
16. La sentinelle n’est pOvS uno recrue. 17. 11 y 
a une gravure sur la premitire page du livre. 
18. J’^cris avec la craie. 19. Lo marin et le 
mousse aiment la mor. 20. La fin de la 


Continue 
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Present Participle. The infinitives of 
all verbs end either in ar (lirst conjugation), 
er, or ir (second and third conjugations). The 
I)rcsent participle or gerund of the lirst conjuga- 
tion is formed by changing the termination ar 
of the infinitive into ando ; and those of the 
second and third conjugations by changing the 
termination er, ir of the corresponding inlinitives 
into icjido. The present participh^ describes 
an a(;tion in a state of progression. — hablar, 
to s[)eak; hahlando, speaking; comer, to eat; 
comiendo, eating; ahrir, to open; nbrkmlo, 
ojxniing. “ To be ” in front of a present par- 
ticiple is always translaUid by eslar. 

Kxkkoise XI 


To sing 

(Jan tar 

To thunder Tronar 

To walk 

Pasear 

To sign 

Firmar 

To buy 

Comprar 

To drink 

Ikber 

To sell 

Vender 

To run 

C 'orrer 

To rain 

LI over 

To learn 

Apremler 

To live 

Vivir 

’To print 

Imprimir 

Document 

Documento 

( dass 

Vnso 

Milk 

Leche 

Sugar 

Azucar 

1. She 

is singing. 

2. They 

are walking. 


3. We are running. 4. Tiiey are s(‘Hing. 5. J 
am learning Spanish. (>. It is thundering 

7. Are you (sing.) writing a hitter to iny friend V 

8. Where are tlu‘y living now ? 9. He is oj)ening 
the d(X)r. 10. We are signing tin* document. 
11. She is buying a new hat. 12. I am drinking 
a glass of milk. 13. It is raining. 14. They are 
printing a book. 

Past Participle. The past participle of 
all regular verbs is formed from the infinitive 
by changing its terminations ar, er, ir into ado 
for the first conjugation, and into ido for the 
second and third conjugations, — hahiar, habUido, 
spoken ; comer, comido, eaten ; recibir, recibtdo, 
received. 

Kxercxsk Xll 


To change 

(Jamb id r 

'fo offer 

Ofrecer 

To arrange 

ArngJar 

d’o grant 

( Jonceder 

To reject 

Rechazar 

I’o read 

Leer 

’Fo ask 

Preguntar 

'J’o lose 

Perder 

To ask for 

Pedir 

To go 

Ir 

Money 

Dincro 

To come 

Venir 

Oiler 

(fferla 

Name 

N ombre 

Year 

Ann 

(Joods 

(leneros 

New 

Rueio 

(’ustomer 

Cliente 

Keport 

Inf or me 

Bank 

Bancxj 

Docks 

M uelle 

I’artner 

Socio 

Bonus 

Bonificacion 1 'artieiilars 

DetaUes 

Mt^ssenger 

Mensajero 

JMaiiufae- 

Fabricante 

Morning 

Manana 

tun*r 



1. She has changed her money. 2. They 
(fern.) have arranged the papens. 3. His partner 
has rejected the offer. 4. Have you asked his 
name ? 6. We have n^t offered new goods 

this year. 6. The numufacturers have granted 
a bonus to their customers. 7. I have not read 
the report yet. 8. My friend has lost his situa- 
tion, 9. Have you (pL ) received the drafts ? 
10. We (fom. ) have asked for particulars of the 
offer, 11. The clerk has gone to the post office. 
12. Your mobseiiger has come late this morning.^ 
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The Past Definite. The past definite is 
very frequently translated by the compound 
tense. — i ha vislo Vd m libro ? did you see his 
book ? he escrilo um carta esta irmnanri ; I wrote 
a letter this morning ; ha ido at casino ante de 
las (before of the) doce ; he went to the club 
before 12 o’clock. 

The personal object of a verb is always pre- 
codcxl in Spanish by the preposition d. — he 
enconlrado d su primo ; I have met his cousin. 

Interrogative and Relative Personal 
Pronouns. Relative pronouns are those which 
relate to a previous word or phrase. When 
these pronouns are used in asking a question 
they are called interrogative. 

Singular Plural 

Who quien quienes 

whose cupo enj/os 

of, to, for. etc., de, d, para, etc., de, d, para, etc., 
whom quien quienes. 

^liese words have no gender excejjt cupo, 
which takes th(5 gender and number of the 
following noun. — el autor cuyos libros he leido ; 
th<‘ author whose books 1 have read. The 
relative pronoun must bo always cx^^S('d in 
Spanish, althoiigli in l^nglish it is sometimes 
omitt(‘d. When “whom” does not follow a pre- 
position, it may be rendered by que. — el empleado 
que han despedido ; the clerk (whom) they have 
dismissed. 

'Fhe relative pronoun “ who ” is gcmerally trans- 
lated hy que, —el hombre que ha abierh la puerla ; 
the man w^ho opemed tlu^ door. But “ who ” aft or 
tiu? verb “ to be ” is usually icmdered by (juien, 
quienes. — es Vd quien ha enviado esfa fnclura ? 
is it you who has S(‘ut this ‘invoice ? In phrases 
of this kind, “ who ” may also be translated by 
el que, la que, los que, las que, according to the 
gender and nuinbiT of the subject of thi^ sen- 
tence. — fjo soy el que ha dicho eso, it is 1 who 
said that. 

Exercise XI II 

I’heatre Tealro Telegram Telegramu 

Itisil i^oy yo Staircase Escalera 

Last, night A noche To knoc^k Llamar 

To dine Cenar Downstairs Abajo 

To bring Truer Merchant (Jomerciante 

Then? Ahi To smoke? Fumar 

Bank-note BiJlete de The w’holo Toda la 

banco morning manana 

1. Who is there ? 2. It is 1. 3. Who (pi.) 

went to the theatre last night ? 4. That is the 
merchant whose wire we received this morning. 
5. Whose pencil is this (translate “ of whom is 
this pencil”) ? 6. To whom have you spoken 
in the staircase ? 7. For whom ifp4)hat invoice ? 
8. The man (whom) we have seen in the street 
is the manager of the office. 9. It is we who 
changed the bank-note. 10. It is you who 
knocked at the door ? 11. No; the man who 

knocked is downstairs. 12. With whom have 
you dined ? 13. I have not dined yet ; I have 

not had time. I have been very busy the whole 
morning. 14. Who is smoking in the drawing- 
room ? 15. The men who have brought the 

trunks. 



Other Interrogative and Relative Pro- 
nouns. The other interrogative and relative 
pronouns are as f ollo>v : 

Singular Plural 

Which one ? ^ Cudl ? i cuales ? 

Of which cnyo • ciujos 

To, for, etc., d, para, etc., d, j)ara, etc., 

which cual cuales, 

that que 

what qne 

Examples : ^ Cudl es su h'bro ? which is liis 
book ? la carta cuqa copia ha. (hsaparecAda, the 
letter the copy of which hr-a disappeared ; 
la letra que he firmado, the draft that I have 
signed. ^ Que billete ? what ticket ? 

The interrogative adjective “ which ” may be 
translated by que, — que palahra ? which word ? 
The relative pronoun “ which ” is nearly always 
translated by que, except when it is dubitative. 
— losgeuerosqae Vd ha enviado, {ha goods which 
you have sent; no sc cual es el mejor, 1 do not 
know which is the best. 

It must be noted that the subject of a Spanish 
relative sentence is usually placed after the verb. 
— las naticias que Jut traido el vapor, the news 
which the steamer has brought. Whenever 
“ wliich ” relates to a full previous sentence, 
it is rendered in Spanish by lo que or lo cual, 
— ha dieJu) que, hun llegado, lo cual no es verdad, ho 
has said that they have arrived, which is not true. 
“ Who ” and “ whi(;h ” (relative) may sometimes 
’ bo translated by el cual, la cual, los cuales, las 
cuales, — Jtemos comprado dos mdq\iinas de escribir, 
las cuale,s (or que) estdn arriba, we have bought 
two typewriters, which are upstairs; he encon- 
irmki d su agenle, el cual eM en Londres, 1 have 
met his agent, who is in London. 

The words “ what a ! ” and “ how ! ” in 
exclamations, are translated by \ Que ! — 

I Que Idstbm ! What a pity ! i Qm exirano! How' 
strange ! 

Exercise XIV 

Dictionary Dicciouario Box Caja 

To telegraph Telegrajiar Lovely Lindo 

Strange Extrano Cashier Cajero 

To communi* Coinunicar I’o check Comprobar 

* cate To order Pedir 

At once En el ado Answer Resjmestu 

1. Which dictionary. 2. Which drafts ? 3. 

He sent two signed cheques which I have no 
received. • 4. Which one have you brought ? 
5. I have written the report I promised (trans- 
late, “ w hich I have promised ”). 6. 1 do not Imow 
which ones he has. 7. He has not wired yet, 
which is very strange. 8. We have ordered ten 
boxes, w^hich have not arrived yet. 9. I have 
communicated the news to the cashier, who has 
checked the accounts at once. 10. What an 
answer ! 1 1. How lovely ! 

Key to Exercise VII 
l.i Son Vds comerciantos de Madrid ? 2. No ; 
yo soy abogado y mis amigos son mcklicos. 
•3. i Estd el vapor en la bahia ? 4. No, sonor ; 
todavia no ; 6. ; Es ese caballoro su padre 
(de Vd)? 6. No ; es mi tio. 7, i Estamos cerca de 
8u fdbrica? 8. No; estd muy lejos do aqui. 
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9. I Dondo estdn mis baiiles ? 10. Estan cn el 
anden iiumero cinco. 11. iEstd Vd mareado ? 
12 No, gracias ; estoy muy bien. 13. i Estd la 
puerta del (de.el) comedor en el jardin ? 14. No ; 
ahora estd en la estacion, d la derecha de la 
taquilla. 15. i Son Vds extranjeros ? 16. Si, 

senor ; somos espaiioles. 17. i Dondo estamos 
(nosotras) ahora ? 18. Vds estdn en la aduana. 
19. i Estd el empleado en la oficina ? 20. No, 
senora ; cstd d bordo del vapor de Valparaiso. 
Key to Exercise VI TI 
1. El salario de un empleado. 2. Los ojos 
de los caballos. 3. El pan del mendigo estd duro. 

4. El drbol de mi vecino es demasiado alto. 

5, El alma del hornbre es inmortal. 6. La 
harina amcrieana es muy buona. 7. Las calles 
son largas y estrechos. 8. Ljis alas de los pdjaros 
son eortas y blaneas. 9. El ancla del barcK) 
alemdn es demasiado peqneiia. 10. Las joy as 
de su hermana (do clla) son hermosas. 11. El 
pan francos es bueno. 12. Mi padre y mi madre 
estan bien. 13. La casa y el jardin son grandes. 
14. Hu amiga (do V.) italiana es muy cortes y 
alegre. 15. La pronunciacion inglesa es difieil. 
16. Cualquier pa pel bianco. 17. Mai tiempo. 

Key to Exercise IX 
1. Este libro es mds grande que aquol. 2. i Es 
esa la estacion ? 3. Ese baston es de mi hermano. 
4. Estos period ioos son cspanolos, 5. No 
comprendo eso. 6. No es eso. 7. Estos cigarros 
son mejores que aqut^llos. 8. Mi hermano no 
es tan alto como V. 9. Esta leccion no es tan 
difieil. 10. Esas easas estan mds cerca que la 
fdbrica. 

Key to Exercise X 

1. Tengo un buon espejo en mi cuarto. 

2. Hemos dejado niiestras maletas en el tren. 

3. I Tieno V. sed ? 4. i Por que no ha ido V. d 

Londres ? 5. i Han encontrado sn Iraje azad 

(dc ella) ? 6. i Tienc (clla) bastante azucar ? 

7, Nosotros no temunos tclefono cn la oficina. 

8. He perdido su direcci6n (de V.). 9. El tiene 

un buen dcstino en Mojico. 10. i Han venido 
(cUos) ? 11. i Tengo que firmar esc papel ? 

12. V. tiene que e.scribir lo antes posiblo. 

Reading Exercise 

Shakespeare escribio para un pueblo que 
empoza ba a ser grande, que iba d ox tender su 
imperio, a mejorar su civilizacion castiza y 
propia, a difundirla y a hacerla valer por todas 
las regiones del rnundo. Como escribio para el 
pueblo, escribio inspirado y lleno do Jos pensa- 
mientos y sentimientos del pueblo, y su imaite 
y sus obras estan henchidas dc lo porvenir ; 
contienen en g^rmen todo el espiritu de Ingla- 
terra en el dia. 

Translation op the Above Passage 
Shakespeare wrote for a nation beginning to 
be great, about to extend its empire, inqirovc its 
individual and racial ^civilisation, and dilTuse 
and make it felt throughout all the regions of 
the earth. Writing for the people, ho was in* 
spired by, and full of, the thoughts and feelings 
of the people, and his mind and works are big 
with the future ; they contain the gerui of the 
spirit of England today. 
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GROUP 22-DRESS AND HOUSEKEEPING * THE WOMAN AT HOME-CHAPTER 10 


Drafting Lounge, Morning, and Dress Coats. The 
Frock Coat. Scale of Measurements and Variations. 

MEN’S COATS 


Coat and Vest. The fewest measures 
that are usually taken arc : Nape to natural 
waist, 1 to ; nape to fashion waist, 1 to 4 ; 
nape to full length, 1 to 5 ; width of back, 0 to 7 ; 
centre of back to elbow, 6 to 8 ; centre of back 
to wrist, 6 to 0 [16]; chest circumference, 13; 
waist circumference, 14 ; liip circumference, 

15 1 17]. Th(‘S(^ measures are sufficient for pro- 

portionate customers, but for others we advise 
the taking of four additional measures. Fasten 
coat in front, and 
then tie a piece of 
tape or string round 
the figure close up 
to the arms. Ad- 
just this so that it 
is in tlu5 true hori- 
zontal all round. 

Then take the 
following measures : 

Nape to tape on 
back seam, known 
as “ Depth of Scye,” 

1 to 2 [15]; nape 
to tape at 
front of arm, 

1 [15] to 12 
[17]. 

From tape 
on back seam 

2 1 15] over 
the shoulder 
to the tape 

on the front of arm 12 [17], known as 
the “ Over Shoulder.” From the front 
of one arm to the front of the other arm, 
known as the “ Across Chest ■’ [16]. 

These measures would strand as follows 
for a l^ounge Jacket: Depth of s(;ye 19 ; 
natural waist, 17 ; full length, 30 ; back 
w idth, ()J, to elbow, 20, to cutf, 32 ; 16. FKONT measubkments 

B J in. less than J 
to J of back. Shape 
scye from B to 12| 
and round the 
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front shoulder, 12.J ; over shoulder, 17 ; across 
chest, 8 ; chest, 36 ; waist, 32 ; hips, 37J. 

As many may have to w'ork from others’ 
measures, we give in the accompanying table 
a scah^ of measurements from 24 to 50 breast, 
arranged not so much with a view to proportion 
as tlie result of practical experience. 

Three»seam Lounge Jacket [18]. Draw 
line 0 — 30 ; 0 to 3, one-third depth of scye ; 
0 to 0, depth of scye ; 0 to 17, natural waist 
length ; 0 to 30, full length plus J in. Draw 
lines at right angles. 0 to 24, one-twelfth 
breast less 4 in. ; 2J to J, J in. ; 17 to Jin. 
Draw back seam from 0 through 4 to 30. Two 
inches below 3, measure across from the back 
seam the width of back plus J in., curve out to I ; 
Draw shoulder s(*am from J to J, slightly hollow- 
ing it at J ; ] to 20}, the half chest plus 2 in. 
to 2| in. ; 20} to 12}, the across chest ; 12 J to 
18}, G in. (always). From 18} drop down 
2 ill Scjuare a lint* from 12} through C at 
right angles to 12} and 2. 
Measure up from 12} the 
front shoulder measure less 
the width of back neck. 
Mi’asuro up from 12] to B the 
ov(U’ shoulder measure, less }, 
to A of th(5 back. Make C to 
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17. WAIST AND HIP 
MEASUREMENTS 


back scye up to „ 

Keep it as hollow 
as possible at 12} 
and rather close 
up at back scye. 

The Side Seams. to OJ is one-sixth breast. 
Square down from 6J and contiil^ line up to 
7J into scye ; 6J to 7} about J in. Let fore 
part overlap back J in. more than half the 
difference between chest and hips ; 7} to 10, 2J in. 
to 3 in. ; 7} to 10 J, 2J in. to 3 in. ; lOJ to 11}, | in. 

Make waist to measure plus 2 in. and so get 
20} ; C to D, one-twelfth breast, less J in. ; 
D to E the same amount, or to taste. Draw 


DRESSMAKING, MILLINERY, TAILORING, DOMESTICMANAGEMENT, COOKERY, LAUNDRY 

1318 




GROUP 22— DRBSS 


breast line from D through E and 20^ to Q. 
Lengthen front at H ^ in. Add on in. 
button stand for single-breasted, and 2J in. to 
in. for double-breasted coat, and complete 
the front to taste. 

The Sleeve [18aJ. Mark the pitches of the 
sleeve as follows : 

Back 2 in. below Front J in. above 12^. 

Draw lines at right angles to 0 ; 0 to 1, 1 in. ; 

1 to 5J, the distance from 2 to 7^ plus ^ in.; 

1 to 9a, the size of the scye from 2 to f and 

B to front pitch taken straight ; 0 to 4J, half 

0 to 9. Draw line from 4^ to and add on 
J in. to 1 in. of round. Shape sleeve head from 

and 4J to 9a. Measure off the length of 
sleeve as taken less width of back, allowing 
for three scams (J in.), to 9e for the elbow 
and to B for the cuff. Hollow forearm at elbow 

1 in. and shorten forearm scam at culT in. 
Make width of elbow from 1 to 9e about onc- 
sixth breast, i)lus 2 in., and width of cuff one- 
sixth breast, plus J in., or to taste. 

For the underside sleeve, measdre round the 
bottom of the scye, from back to front ])itch, 
and apply the nnuisure from .5^ to 7. 8<piare 
from to 2J one-third of this quantity, and 
hollow I in. to J in. ; curve up from 7, and 
continue from 7 to 9e. Complete sleeve as 
shoA^Ti. 



18. threk-seaxM lounoe .jacket 


Variations. For whole back mark in 
from 0, J in., and 30, } in., and draw back 
seam as per clot and dash line. For slit up 
bottom of back seam, leave on about I in. at 
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18 a. slkp;vp; 

1 about 0 in. up. 'ro omit the fish under 
the arm, take out J in. at the top of side scam 
as per dot and dash line, and allow a little 
more case when measuring up the waist. 

O’hk Pockets. Hip pockets 4 in. below 
waist ; 1 is midway between side seam and 
breast line ; 1 to J is 1 in. Divide pocket flap 
on either side J ; size of pocket same as width of 
sleeve at cuff. Depth about one-third of width. 
Ticket flap on waist front level with front of hip 
flap. Size of pocket usually about 3J by 1 J. 

Breast Pocket. Follow line 12} to 2, size 
about 5 by 1. Keep back end fully 1 in, in 
front of scye at 12}. 

Morning Coat. Shoulders same as Lounge 
[19] ; 0 to 18 J, fashion waist length ; 0 to 38, 
full length, plus } in. ; 17 to 1, 1 in. ; Draw back 
scam, 0 to 1 ; 1 to 3, one-eighteenth brcfust. 

Width of back scye ?. to 2, the same a.s 1 
to 3, Draw lino from 2 to 17 and hollow } in. 
to J in. ^ 

Draw side seam from } to 3 ; 3 to 4}, 1} in. 

Take out } in. at 2. IMake 2 a pivot, and 
sweep from*3 to 0 ; } to 9} one-fourth breast ; 
9 to 10, 1 in. Make "up waist to measure, plus 

2 in. Hollow waist seam 1 in. at K, and clroj) 
it 1 in. at H. Add 1} in. button stand beyond 
breast line, and complete run of fronts to tasU'. 
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21. DKESS COAT 


The Skirt. 
S (j u a r C5 do vv n 
from 0 to 0, 9 in.; 
9 to 1,^ in. .moro 
than half tho dif- 
iVreiUio ladAvocai 
chest and seat. 
Draw line from 

0 through 1 and 
add on J in. of 
round. 

Take otit ^ in. 
between If and 

1 at front of 
skirt, and J in. 
at K. Shape the 


front of skirt, 1, N, M, and L to taste. 

'Phe Collar. Dotted line indicates tin? neck 
of forepart. B is in. above top buttonhole. 
J to [ is } in. less than collar stand. 

Draw line from B through .1 to E. E to C, 
the depth of fall. (1 to F, the d(^pth of stand. 
F to H, the depth of fall. C is the width of back 
neck from fore part. Follow the neek from 
J to C, letting it overlap J in at C. C to D to 
taste. B 1 F is the crease row. 

Frock Coat. Similar to Morning (^oat 
in body and shoulder parts up to the breast 
line D to 1. in th(^ front of which add on J in. at E ; 
J in. at K to nothing at 1 [20]. 

The lapel is drawn straight from 0 to G. 0 to 
2, 2 in. 2 to 1^, I J in. 2 to 3}, 3^ in. Com- 
plete as shown. 

The Skirt. T to J 2 to 3 in. J to L is a 
stniight line from which square down to 9 9 in. 
9 to 1, 1 in., or J in. more than half difference 
between chest and scat. 

Add on J in. of round. 0 to P, J in ; draw 
waist seam from L through P to K. K is ^ in. 
less than the width of lapel in front of J. 

Drop down from L 2 in. to 3 in. to agree 
with H to J, and square K N at right angles. 
K to N the same length as L to«M of back. 
This diagram show's the medium turn with the 
fronts buttoning three ; a higher turn with the 
fronts buttoning four (this style should have 
the lapel hollowed at the top J in.), and a low 
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roll with the fronts buttoning two (this should 
have the lapel rounded | in. in order to get 
a shorter outside edge). 

Dress Coat. The shoulders and body parts 
are cut in the same way as the morning coat, with 
the following exceptions [21]. Point E on tho 
front of neck is lower 1 to 1 J, so that D to E 
equals one-eighth breast. The w'aist between 
1 and 20J is made up to half tlie waist measure 
only, making allowance for what is taken out 
between 3 to 4J, 8^ and 9J, and 13 and 13J. 

The Lapel. Draw a straight line and hollow 
I in. to J in. From F come up 2 in. and go forw^ard 
and 2J. Tho length of the lapol should bo 
sufficient to cover the bottom of the strap of 
skirt. Width of the lapel at bottom IJ. Draw^ 
a lino from 21 to 1 and add on J in. 

The Skirt. Tho hack and top jjarts of skirt 
are tho same as for tlui morning (;oat, the pro- 
portions of the other parts being as fol low's : 

K to L, 11 in. L to M, onc-third of tht5 widtli 
of skirt at top.* Q to N, one-third of the top. 
Draw liiH^ frorti M to N, add on q little round. 

Sometimes the back is cut J in. narrower 
all througli with tluj view of making it lighter 
and sma-ftcr looking, but this is a matter of 
taste, and we have? k(q)t to the samc^ stylo a.s llio 
morning coat for tho sake of simplieity. 

W. D. F. VINCENT 
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m? 23-METALS & MINERALS AND THEIR MANUFACTURES-CHAPTER 10 

The Occurrence and Metallurgy of Nickel and Cobalt. 

Their Properties, Preparation, and Uses. Nickel Alloys. 

NICKEL AND COBALT 


I N the early part of the eighteonth century there 
was an arscnious ore which much troubled 
Swedish and German miners, owing to its decep- 
tive resemblance to native copper. "I'hey termed it 
koppar-nickel or kupfernickdy “ devil’s worthless 
copjKjr,” from a form of the German nicklmiSy which 
is represented in English by “ Nick,” “ Old Nick.” 
Cronstedt examined it, and in 1754 isolated the 
metal contained and, reasonably enough, called it 
nickel. The closely allied metal cobalt jirobably 
got its name in similar fashion from the German 
kobold (goblin) on account of its poisonous and 
troublesome mining chaiactcr. 

Properties. Nickel and cobalt are hard metals 
related, chemically, very closely to one another 
and to iron, belonging to the iron group of m(*tals 
in the Periodic System of Newlands and Mcndelctilf. 
They are nearly always found in association. 
Nickel (Ni, atomic weight, 58*77) is a white metal 
with a brilliant lustre which is but slightly tarnished 
by air, moist, dry, or carrying carbon dioxide, at 
the ordinary tcm]K'ratures. Cobalt ((’o, atomic 
weight generally given us 59, but uncertain ; a 
value found in 19()0 is 58*895) is a reddish -white 
metal which is untarnished in air. Both metals, 
wlum finely divided by reduction from their oxidc's 
with hydrogen, spontaneously ignite in air, and on 
both a scale of dark-coloured oxide is formed when 
strongly heated. 

Nickel has a specific gravity of 8*35, increased by 
rolling to from 8*0 to 8*9, and cobalt one of 9*(). 
Tht‘ specific heat of inire nickel is given by Roberts- 
Austen as 0*1108 and by Regnault as 0*1080, iron 
being 0*113 (lioberts- Austen). Its eoetheient of 
linear (‘xjmnsion for 1° G. is 0*0000127 (Robcrls- 
Austeii), companid with 0*0000121 for iron. Tho 
mclfing-point of nickel has been variously tlo- 
tcTmined at from 1390® G. to 1500® C., while 
the fusing- |xiint of cast iron is from 1135"’ (’. to 
1220"’G. (Roberts-Austen) ; pure, 1000" (Hiorns). 
(k)balt is slightly more fusible than iron. When 
m()lten, nickel occludes carbon monoxide, which is 
given out on cooling, rendering the metal porous. 

Nickel is a very hard but malleable and ductile 
metal, and has been rolled and hammered into 
sheets not rnort^ than 0*0008 in. thick, and drawn 
into wire not exceeding 0*004 in. in diameter. 
Its tensile strength has bet*n said to exceed that 
of iron. St. Claire Deville found that a nick(d 
wire containing 0*3 per cent, of silicon and 0*1 per 
cent. c()p])c*r bore a strain of 2(K) lb., while a similar 
iiim wire broke at 133 lb. ; while Kollmann fouml 
that the tensile strength of a specimen of West- 


)>halian nickel equalled that of medium hard 
Be.s8omcr steel. I'he results given in the table below 
were obtained by Mr. R. A. Hadficld for 98*8 per 
cent, cast and forged nickel. The comparative 
values given for iron an*, by Professor Arnold for 
99*8 per cent, eiist and forgi'il iron. 

With 98 per cent, cold rolled nickel, Fremont 
(of Be Nickel Gouipagnio) obtained an elastic! limit 
of 22 tons ]K‘r sipiare inch. The metal is easily 
welded at a white heat both with itself and to 
iron and to certain other metals ; this property is 
the basis of an excellent nickel- [>lating process. 

Nickel is magnetii*, though not eipially with iron 
(I : 1*5); cobalt is only slightly magnetic. Both 
metals are said to lose t heir magnetism when heated 
to about 350" V. Their relative electric conductivi- 
ties (100 being taken as the standard for silver) are 
12*89 and 1(5*9 respcctivcdy. 

Nickel is slightly acted uimn in tho cold by 
hydrochloric and sulphuric acids, but dilute! nitric 
acid and aqua rcyia dissolve it n'adily. It is. 
however, but very slightly attacked by organic 
ttcuLs and the alkalies. Fused alkalies oxidise 
])latinum ; and nickel, therefore, r(!places this metal 
for laboratory crucibles and other vessels used for 
melting alkalies. 

Nickel and Cobalt Ores. Nickel is com- 
paratively a non-ttbundant clement. It is present 
in the sun’s atmosphere, and has been found in 
meteorit(‘s. It is very rarely found native. Its 
ores are comj)lex mixtures, divisible into three 
classes : sulphides, silicate, and arseniferous. (.’obalt 
ores an? almost invariably associatetl with nickel 
or(‘s, .and cobalt freipiently replaces nickel in ]>art. 

The most imiK)rtaut mines are those, of Sudbury, 
O’dario (sulphides), and of New Caledonia (silicate). 
Mines in dilferi'iit parts of Furope producij smaller 
ipiantities of arseniferous ores. Almost the wholi! 
of the 11,810 tons of nickel produces! in 1901 came 
from the Sudbury and Nenv Galedonian ores. 

The largest deposit is probably that of tho 
great nickelifcrous tlistrict of Sudbury, covering 
about 2800 square- miles. Here the ore consists 
of a mixture of cha.lcopyrite.s ((’u^S.Fe.^S;,) and 
pyrrhotite, a monosulphide of iron, part of the iron 
and co])per in the two minerals, varying from ' 
2.J per cent, to 10 y)er cent, (partly with the depth 
of the deposit), being rci)laccd by nickel. This is a 
sulliciently large proportion to make the deposits 
])ay as nick(‘l or(!S, the e()i)per (practically the 
whole produced in the j)rovince of Ontario) being 
a by-pruduct. Tho ore is not found in veins but 
in irregular lenticular masses and pockets. 


TENSILE STRENGTHS OF NIGKEL AND IRON GOMFAREl) 


Quality of M'^tal 


Cast (unannealed) . . 
Forged (unannealed) 
Forged (annealed) . . 



Limit. 

Tensile St length. 

1 Lion/ 

at ion. 

I'oiis. 

Tons. 

Per cent. 

Nickel. 

Iron. ' 

Nickel. , Iron. 

1 

1 Nickel. 

Iron. 

11 

14 

16*25 i 20 

4*5 

10 

14 

14 


! 45*5 

47 

7 

— 

[il.5,, j :: 

i 54 

i — 


EMBRACINH IRON & STEEL, MINING, QUARRYING, COAL, PETROLEUM, GAS, GOLD 

1321 



QROUP 23--MrrAL8 


MiUeriU (NiS), a valuable source of nickel, is 
sometimes found with the Sudbury pyrites. 

The ore of New Caledonia is gamieritc [(NiMg) 
SiOft -f-w 11,^0], a silicate containing from 7 per 
cent, to 8 per cent, of nickel, 41 per cent, to 46 per 
cent, of silica, and oxides of iron, aluminium, and 
magnesium, found by Gamier in 1876. It is free 
from arsenic, sulphur, and coppt^r. Other nickel 
ores are the blende, glance, cobaltic p 3 rrites, and 
kupfernickel, found in smaller quantities in various 
])arbj of Kuropo. Smaltine, cobaltine, and cobalt 
bloom are European arsenious cobalt ores. 

Treatment of Ores. There are many 
nickel ore reduction processes, but the commercial 


The Mond Process. This i% the only process 
in metallurgy where the metal sought forms a gaseous 
compound during the process of recovery. It (Spends 
upon the fact, accidentally discovered by Drs. Mond 
and Lange in 1889, that at about 50^ C. nickel forms 
a volatile poisonous compound with carbon mon- 
oxide, known as nickel carbonyl^ Ni(CO) 4 , which is 
entirely dissociated by raising the temperature to 
150 ’ C. Iron is the only other metal which forms 
such a compound. Several patents were taken out, 
and the Mond process has been commercially oper- 
ated since the beginning of 1902, at Clydach, near 
Swansea. The principal operations of the process 
arc shown diagram m at ically [1]. Cupriferous nickel 



and the important ones come under three heads : 
copper ores (elialco])y rites) by two processes only, 
the Mond and Orford ; silicate ores (gnrnierito) by 
repeated reverberatory roastings ; and arsenical 
and sulphurous ores by the jiroduction of a matte 
or speiss. In all iiiocesses nickel oxide is ])roduced 
which is reduced to the metal. 

The first process in treating the sulphurous 
ores of Stidbury is roasting. After crushing and 
sorting, the ore is roasted in heaps of from (»O0 tons 
to 1,800 tons, piled up on a bod of wood to about 
0 ft. or 8 ft. high. The heaps arc allowed to 
burn for from six to ton weeks, whereby the 
sulphur content is reduced from 22 per cent, to 
7 i)er cent., the iron partly oxidised, and the ore 
disintegrated and reduced to a matte. 

The silicate (New Caledonian) ores do not require 
the preliminary roasting. At first their purity 
induced their discoverer to work thorn direct in 
wind furnaces on the same principle as that by 
which pig-iron is ])roduecd. But this process has 
been abandoned because it was foimd impossible to 
remove sulphur entirely, 
and a matte is produced 
by smelting in a wator- 
jacketed furnace with 
s\dphur or salt-cake. 

This mattxi is powdered 
and rousted 
with quartz 
sand two or 
three times to 
reduce the per- 
centage of iron. 

The nickel is 
then oxidised by 
double roasting in a reverberatory furnace (the 
iron and sulphur being driven off) and the oxide 
reduced by heating cubes of it, made with Hour or 
other paste, in a muffle or crucible furnace. 

Bessemer-refined nickel matte (containing 24 |)er 
cent, of sulphur, 75 per cent, of nickel, and about 0*5 
|ier cent, of iron) cannot be further treated in the 
converter, partlv because the nickel oxidis3s with 
the sulphur, ana also because, with tjie reduction of 
the proportion of sulphur, the melt tends to solidify. 

Sudbury matte contains copper, and the nickel 
can be extracted from it in the dry way only by the 
Mond and Orford processes. 
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ore mined at Sudbury is roasted and concentrated 
by Bcsaemcrising, and the matte obtained, contain- 
ing from .*10 to 40 per cent, of nickel and about 45 per 
cent, of copper, is ground in ball mills at the works in 
South Wales, and calcined to foriii nickel oxide and 
drive off sulphur and arsenic. It is then leached 
with sulphuric acid, about half the copper being 
extrachxl as sulphate, which is crystallised out and 
sold. A diagrammatic representation of the plant used 
is given in 2. The copper-extracted matte, which 
is separated by filtration and centrifugalisatiou, 
is carefully recluiod in reduction towers with water 
or j)ro(lucer gas. In order to prevent the formation, 
later on, of iron carbonyl, it is necessary at this stage 
to keep the temperature as low as possible, so that 
iron oxides may not bo reduced. This regulation 
of tem])erature is aeliieved in the reducers, which 
are built up of a number of short cylinders, with 
hollow bottoms, through which combustion gases 
from a fine, or water, or air, may bo circulated for 
heating or cooling. The water gas rises through 
the towers, passing over a stream of matte, descend- 
vou>T.unw '"8 fr”'" cylinder to cylinder, 
through side and central open- 
ings . by means 
of .stirrers, re- 
ducing the 
oxide to crude 
metal. The re- 
duced nickel is 
conveyed by 
means of eleva- 
tors to the vol- 
atilising towers, 
where carbon 
monoxide is 
passed over it in a similar manner to the reduction 
treatment. The volatilisers are similarly constructed 
of cylinders, without hollow bottoios, however, the 
heat of the material from the reduction towers 
and of the gas rising through being sufficient to 
maintain the temperature of 60® C. required for the 
formation of nickel carbonyl. The nickeliferous 
material circulates by means of elevators among 
the volatilisers for from seven to fifteen days, to 
complete the formation of carbonyl. 

The nickel carbonyl gas is then dirawn by means of 
a blower through a filter (to remove flue dust) into 
the decomposing tower. Here the gas passes over 
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granules of metallic nickel, kept in motion to prevent 
cohesion, at a temperature of about 200“ C., by 
means of which it is broken up into nickel and 
carbon monoxide, the metal being deposited on the 
granules^ and the gas released and returned to the 
volatilise!’. The reaction is shown by the equation 
Ni(C'O)., — Ni The granules are essential to 
start the decomposition. The pellets produced are 
particularly suitable for alloying, 'rhoy contain 
from 99*4 to 99*8 per cent, of nickel, never more 
than O-o per cent, iron, and traces of sulphur and 
(jarbon. 

Tho process is somewhat delicab', owing to the 
temperature conditions which have to be observed ; 
but, from tho fact that nowhere does it exceed 
.SOO^ ('., the fuel consumed is small in amount, and 
tho repairs to tho plant inconsidcTable. It is auto- 
matic and also regenerative so far as the carbon 
monoxide is concerned. Sir .fames Dewar took 
out a patent in 1902 by means of which the process 
of carbonyl forniation is considerably shortened. 

The Orford Process and Speiss Ex* 
traction. In the Orford or separattion-srmdting 
process, a nickel-copper matte is smelt(‘d witli salt- 
cake and coke, producing “ tops ” and “ bottoms,” 
w'liich are re-smelted. Tho niekeliferous sulphide 
bottoms obtained are roasted with salt in a rever- 
beratory furnace, nickel oxide being forunvl. This 
is leached out and reduced with coke in the furnace 
to crude metal. Until 190.9 the nickel so produced 
was eleetrolytically refined, hut as nearly half the 
charge bceamo anode scrap in the process, it had to 
b(? abandoned when metal over 99 per cent, pure 
was produced by the carbon-reduction and Mond 
processes. 

Nickel S 2 )eiss is produced from arseniferous ores, 
or, with matte, from a eupro-arseniferous ore, by 
oxidation with silica. The metals pass in a regular 
order into the slag as silicates, cobalt and nickel 
going last. Unoxidised arsenides form a speiss, 
which sinks tlirough tho slag. When only a nickel 
and cobalt speiss rt'mains, this is re-lluxed and re- 
fused to obtain a nickel speiss with a cobalt slag. 
The speiss may then bo worked up by roasting, 
or, if a particularly pure nickel is required, by tho 
complicated wet process consisting of a series of 
about .sixteen precipitations and other chemical 
operations. 

Electro - chemical Treatment. No 

known ore of nickel is pure enough or contains 
enough nickel to bo directly elcctro cIie?nieally 
treated. Electrolysis is not at presi nt practically 
a]iplicable to nickel mattes. High j)otentials are 
necessary to deposit nickel from solution, and these 
cause most other metals to be co-de]josite(l. A thick 
deposit of nickel is Iherefore very difficult to obtain, 
although there is nothing lacking in the tliiii coating 
obtained in nickel-plating. Electrolytic refining 
of nickel and cobalt is also im- 
practicable, but a copper-nickel 
alloy ia produced by an electro- 
lytic process from mattes. 

Refining. Formerly coarse 
nickel contained as much as from 
10 to 40 per cent, of impurities, 
but metal 98 per cent, pure is now 
readily obtained from any ore, 
while Mond nickel is from 99*4 
99*8 per cent. pure. Tho chief 
impurities are iron (1 per cent, 
destroys extensibility in German 
silver) ; sulphur and arsenic (M 
per cent, of either renders nickel 
unsuitable for rolling) ; nickel 


oxide (0*3 per cent, makes it brittle) ; and chlorine 
(0*18 per cent, makes German silver unrollable). 
Cobalt, copper, and silicon in small quantities do not 
injure nickel. Tho absence of these impurities is aimed 
at by making as pure a nickel oxide in the preliminary 
processes as ]:)ossibIe. Fleitinann found that mag- 
nesium elTcctively removes these small amounts of 
impurities, which at first prejudiced the use of 
nickel in alloys. It was added as a nickel alloy in 
amounts l(‘ss than ^ j)er cent. Alumimum has 
now entirely superseded magnesium for this and 
similar purposes. 

Nickel Alloys. The largest use for nickel is 
in its alloys, (German silver and nickel-stet*!. On 
account of its non-tarnishing luopcrtics and power 
of taking a high polish, it is very largely used to coat 
ot luT metals. 

Nickel-luass alloys arc harder, stronger, ami more 
chemically resistant than brass, while nickel-steel 
alloys are harder, touglier, and more tenacious ami 
ductile than steel ; but they are somewhat tlclieatc 
mixtures, and are alfectiMl i)y vt'ry small quantities 
of the foreign metals mentioned above. Kor in- 
.stanee, nickel smelted in the old way from speiss 
always eontainetl arsenic. The ijitrotlmdion of 
nickel alloys was thus prevented for a long time. 
Nickel is used in alloys either as tho spongy mass 
which is produced by carbon reduction of tJie o.xide, 
as Mond pellets, or as the oxide, the latter being 
largely used for nickel-steel. Nickel alloys contain- 
ing more than 25 ])C‘r cent, of nickel are always white, 
owing to the great colouring power of the metal. 

German Silver. German silver is a brass 
with the addition of nickel. It is an alloy in wide- 
spread use, and was ])r(*])ared by the (Jhinese, long 
before nickel was known as a metal, by melting 
copper with niekeliferous miniTals. It was similarly 
prepared in Euro])e in 1770. It is also known uiid(*r 
tho names nickel silver, argentan, nensilber, pack- 
fong (‘‘ white coiquT ”) and rnaillechort. Nevada 
and Virginia silver, silveroid, silverite, eleetrum, etc., 
are varieties of the sarnie alloy, with dilTorent pro- 
portions of th(* eonstituents,,and, perhaps, also con- 
taining cobalt, iron, or manganese. German silver 
is valuable on account of its whit(*ness and eapjicity 
for polish, hardness, toughness, malleability, and 
ductility, and its chemical resistance to air ami W(‘uk 
food acids. G(*rman silver is crystalline, and cast 
plates crack on hammering. Tho crystalline struc- 
ture is destroyed by rolling and hammering opera- 
tions, with fre(|iuint annealings, and the metal is 
then easily worked under the stamp or in the rolls, 
])rovidcd the metals usi'd in alloying arc pun‘. In 
iiuiking German silvt'r, the alloying metals are used 
as binary alloys — n niekid anil eoi)per alloy being 
mixed with brass. Modern proportions for tlu‘ alloy 
vary very considerably. Some of the representative 
formulw arc givim in the following table. 


1 roMPo.srrio.v of (jkjimax silver alloys 

N lint*. 

NukH. 

Coi)j*er. 

Ziif. 

Ui-iiiiirk.i. 

'Phe ideal alloy . . 

:i4 

40 

20 

The hi'Hf, for heniily, lustre, 




and working 

Extra wliite m<‘tal 

.'JO 

50 

20 


ncrliii argentan . . 

:j<i 

52 

22 


Kleetrum.. 

l-’or spoons, forks, etc. . . 

2.7-8 

25 

51-0 

50 

22 0 
2.5 

P 

Blue-white, uritarnishahlo 

(’oin metal 

25 

75 

— 

Coutiuental eoiiiage 

White metal 

24 

54 

22 


Shelth-ld 

24 

m 

Til 


H('stl)est.. 

21 

50 

20 


Firsts 

10 

50 

i 2« 

Chinese alloy 

Fackfong 

Thirds 

Fifths 

15-0 

4;j-8 

40() 

12 

7 

■ 50 

57 

32 

30 

* For plated goods 
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Plafinoid is a German silver with 2 per cent, of • 
tungsten added. It has the properties of 
German silver, but its electric resistance is IJ 
times greater, and changes only 0*0209 ohm per 
degree between 0*^ C. and 100® C., whereas German 
silver changes 0*044 ohm per degree, and co]>per 
0*38. Its resistance, therefore, being very high, 
and approximately constant, it is larg(*ly used 
for resistance boards and similar purposes. 

Nickel-Steels. Nickel added to steel 
raises its elastic limit and tensile strength, and 
increases its hardness and its resistance to alter- 
nating stress, impact, or shock, without seriously 
lowering its extensibility. It had long been 
noted that meteoric iron is tougher, more 
malleable, and less easily corroded than ordinary 
iron, and it w’as known that nickel was present, 
but it was not until pure nickel was obtainable 
that alloys with iron were successfully made. 
Most hardening constituents of iron and steel 
make the metals brittle, but nickel and manganese 
are exceptions. 

The strength factors of rtipresentativc nickel- 
steels are shown in the table given below. For 
ordinary soft steel the limit of elasticity is about 
13 tons, and the ultimate strength from 22 to 3.5 
tons per square inch. 

The combination of ductility with strength * 
and hardness particularly tits nickel-st(*el for 
armour, and it is ])robablo that no armour or 
deok-plato is now made that does not contain 
from 3 per cent, to 5 })er .cent. of nickel. Tho 
best armour ])late yields by perforation rather 
than by fracture. Nicktd-stecl armour was 
adopted by the British Navy in 1890. In an 
official test made some years ago tin ordinary 
face-hdrdcricd (cemented) plate cracked and 
fractured under test, while a Krupp nickel-steel 
plate, 0 in. thick, which was attacked by guns 
of equivalent weight,«did not- crack, and the j)ro- 
j<ictilc8 rebounded, owing to the elasticity of tlie 
plate. 'J'ho projectiles, which >vere fired at a 
hardened nickel-steel Vickers plate, 11*8 in. 
thick, would have perforated an iron plate 26 in. 
tliick, but they broke against this jilate, leaving 
their heads imbedded, without cracking it. 
Krupp plate contains 3*5 ]jcr cent, of nickel, 1*5 
per cent, chromium, and 0*25 per cent, carbon. 

On account of its bigli elastic limit, nickel 
steel is of great importance for gun-steel in com- 
bating the fatigue induced by repeated high- 
firing stresses. Its high elastic limit, combined 
with ductility, also givt;s it value for marine 
shafting where there are continual variations of 
alignment, owing to wave shocks, the indefinite 


repetition of which means rupture of the shaft. 
The use of a 3*26 per cent, nickel-steel shaft 
instead of ordinary steel multiplied by six the 
number of rotations before breaking. In a series 
of American flexure tests, a 6 per cent, nickel- 
liteel tube bore 1,000,000 flexures, compared 
with 100,000 for a 0*1 per cent, carbon steel. Its 
resistance to alternating stress and shock renders 
it exceptionally serviceable in high-speed engine 
parts, marine shafting (as mentioned above), 
girders, stanchions, railway axles and tyres, and 
hull plates (nickdl-stecl is less corroded in salt 
and fresh water than steel), where rigidity with- 
out brittleness is required. Its greater strength 
permits decrease in weight, or an increased 
safety factor. It is also of value in tool-steels, 
steam-hammer and rock-drill piston rods, 
hj’^draulic cylinders, and similar high stress 
apparatus. 

Cobalt has a similar influence on steel, but 
its limited supply prevents it competing with 
nickel. 

Nickel-stool is made in tho open-hearth 
furnace, in the ordinary way, with ferro-nickel 
or nickel oxide. 

Cobalt Compounds. Cobalt would com- 
])ete with nickel in many resj)ects if it wen* 
obtainable in greater quantities, but, the supply 
being limited, its compounds arc the only forms 
in which it is ustnl. 

(‘obalt forms two oxides — the protoxide, CoO, 
and the sosquioxide, COjjO.i. protoxide 

forms num(U‘Ous salts. The chloride and nitrate 
in weak solution forms sympathetic inks, turning 
bluish-green on heating, fading away again, if 
they are not too strongly heated to form a basii; 
salt. The sosquioxide is of no practical value. 
It forms no salts. The protoxide is the basis of 
all blue colours used in glass and porcelain work. 
Sttuilts is a glass-cobalt oxide, melted with quartz 
sand and potassium carbonate. Fine smalts was 
used for bluing pape^r, but is superseded by 
artificial ultramarine. Zaffre. is a fritted silicate 
made by heating the oxidc3 with quartz. It 
j)roduccs a deep blue glass when fused with a 
carbonate. Other cobalt colours arc cobalt blue 
(a- mixture of tho hydrated oxides of cobalt and 
aluininium), Thenard's blue (cobalt and alu- 
minium phosphate), and RinniarCs green (zinc and 
cobalt oxides). 

In making smalts, fairly pure arsenical ores 
are calcined in a reverberatory or muffle furnact^ 
(with arsenic condensing chambers), mixed with 
glass-house sand and potassium carbonate, and 
fused in glassmakers’ pots. 


COMPARATIVE STRENGTHS OF REPRESENTATIVE NICKEL-STEELS 


Authority. 


Condition 


Nickel. Carbon. 
Per cent. Per cent 


Man- 


Xijuaui; 




ffanPSP limit. Stress. reduS?on 

w "rr “• 


Arnold 

Sankey & 
Smith 

Riley 


Annealed 

Do. (Sheffield)^*.. 
Oil-tempered (German) 
Rolled and annealed** 
Do 


1-51 

0*11 

2-95 

0-32 

3*01 

0*28 

4175 

0*31 

5 

0*5 

25 

0*82 



22*45 

0*512 

21*7 

0*510 

21*9 

0*615 

23*7 

0*34 

32*5 

0*52 

15*1 


26*8 

62 

39*3 

58*6 

39*2 

49*3 

50*4 

54*3 

46*8 

— 

42*1 

43*6 
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Object and Methods of Preparation. Totals and Balances. * 
Errors Disclosed and Undisclosed. Compensating Errors. 

THE TRIAL BALANCE 


T here arc in many ciasos factors other than 
goods and returns to be taken into account 
in order to arrive at a true statement of gross 
profit. For instance, there are tiic items of 
freight, duty, and earri;igc, which add very 
largely to the cost of piirchasi^s from abroad. 
We cannot exactly describe them as “ goods,” 
but neither are we at liberty to ignore the 
bearing which they have upon the question of 
gross profit. 

Trading Account. Evkhmtly, wo mu.st 
have an account more comprehensive in its 
title than the goods account, one that will 
embrace all items which directly alTect gross 
profit on trading. At the same time, we 
require that this account shall be easy of in- 
terpretation and analysis, and to that end wo 
must take care that it is simple and concise. 
Our requirements are met by the “ trading 
account,” which, unlike the goods account, 
is not ojiened until the end of a business period. 
Under this plan provision is made for the 
monthly totals of purchases, sales and returns, 
which have hitherto b(‘en posted to goods 
account, by raising separates accounts for pur- 
chases and sales in the private or in the gc^neral 
ledger. To the debit of purchases account 
are posted the monthly totals of the invoice 
book, and to the credit of the same account are 
posted the monthly totals of the returned 
outwarcLs book, the difference between the 
two aides representing net purchases. 

Closing the Account. The account is 
closed by means of a transfer entry passed 
through the journal and i)osted to the lidg<u% 
erediting piirehases account and debiting trading 
account with the amount of such difference. To 
the eredit of sales account arc posted the 
monthly totals of the day book or sales journal, 
and to the debit of the same account are posted 
th(^ totals of the returned inwards book for the 
period, the difference between the two sides rejire- 
senting not .sales. The account is closed by means 
of a transfer entry passed through the journal 
and posted to the ledger, debiting sales account 
and crediting trading account Avith the amount 
of the difference. 'Phe item “ stock in trade ” 
or “ stock on hand,” instead of appearing in 
the goods account as heretofore, is now^ shown 
in a separate account headed “ Stock,” the 
amount on hand at the beginning of a period 
being on the debit side, in accordance with 
the rule for real accounts to “ debit what 
comtjs in.” At the end of the period, stock 
account is relieved of this old debit, being 
simultaneously burdened with a now debit for 
the value of the stock on hand as ascertained 
by stocktaking. 


Here, again, recourse is had to transfer 
entries in the journal. So far as the old stock 
is concerned, trading account has had the 
benefit of it, and wo llu^refore credit stock 
account and debit trading account with the 
value of the stock at the Ix^ginning of the trading 
period, ifut with regard to stock on hand 
at the end of the trading period, it is clear that 
this must form part of the goods purchased 
during that iieriod, and perhaj^s there is, besides, 
some of the old slock still unsold. We must, 
therefore, relieve the trading account to the 
extent of the present value of the whole of the 
unsold goods I’eckoned at cost or under; and 
this we proticed to do by passing another transfer 
entry through the journal, debiting stock 
account and crediting trading account. So 
far, then, we have on the debit side of trading 
account two items ; 

(a) Stock on hand at beginning of period, 
(6) net purchases during tlie period ; and on 
the credit side two items : (a) stock on hand at 
end of period, (b) net sales for the period. 

Other Charges. But in many businesscs- 
tho wholesale confectionery business, for example, 
— freight, duty, etc., must be added to tlie cost 
of tlu^ purchases before we can arrive at a true 
balance of gross prolit. Accordingly, an account 
headed “freight, duty, carriage, etc.,” is opened 
in lh(^ general ledger, and to this account are 
posted all cheques and petty cash payments made 
tliroughout. the trading period on account of 
imports and other purchasi's on trading account. 
If at the (‘iid of the period there are any out- 
standing accounts for freight, wari'house and 
rail chargi'S, cartage, etc., they must be jour- 
nalised by debiting llu^ carriage, etc., account 
and erediting a sundry creditors’ account. 
By this means the wliole of the expenditure 
proper to purchases for the period will be shown 
regardless of whetluu’ it has actually b(^en met 
or is still due at the lime of stocktaking. The 
aiicount is closed by means of a transfer entry 
passed through the journal and posted to the 
ledger, debiting trading account and crediting 
freight, duty, and carriage account, with the 
debit balance shown on the latter. 

Reproductive Wages. There are, more- 
over, a great many manufacturing concerns 
which purchase raw material and cxjMuid labour 
upon it, relying upon the sales of the finished 
product to return thiim a satisfactory gross 
profit. In such cases wp should raise a separate 
account for reproductive, or manufacturing 
w^ages. Such wages are called reproductive 
because, altl^ough they represent an addition 
to the cost of the purchases, they also add 
to the value of the articles offered for sale. 
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and may therefore be regarded as recoverable 
out of the sums, realised for sales. The manu- 
facturing wages account is thus a part of the 
trading account, and at the end of the business 
period will be closed by the transfer of the total 
net debit to the trading account itself. 

Gross Profits. Wo have now considered 
the chief ingredients in the trading account. 
Special notice is to bo taken of the fact that 
the tradhig account, consisting as it docs of an 
aggregation of the balances of various subsidiary 
aicounts, serves to focus the whole of the 
business operations throughout a given period 
which alTeet the ultimate gross profit. If fhc're 
is, as there certainly ought to bo, a en'dit 
balance on trading account, this is the measure 
of the gross profit earned, and the trading 
account is closed by debiting the amount of 
the gross protit thereto and crediting it to the 
profit and loss account. Where a combined 
trading and profit and loss account is adopted, 
it is scarcely necessary to make a journal entry 
for transferring the gross profit from trading 
to profit and loss account ; it is sufficient, if 
the upper (trading) portion of tfie eombiiu'd 
account is balanced off by phuung the gross 
profit balance on the debit side ‘ thereof and 
bringing it down on the credit side of tlie lower 
(profit and loss) portion of the combined Jiccount. 

The Trial Balance. Before proceeding 
to deal further with the balance thus transhuixHl 
to the profit and loss account, it will be well to 
retrace our steps a sliort distance for the pur])ose 
of considering the means by whi(;h the accuracy 
of the records in the books is j)roved. This 
depends on the cardinal rule that as oveu-y 
debit has a corresponding credit of similar 
amount, the total of all the debits must equal 
the total of all the credits, if the work of cnttiriiig 
tho ledger has been accurately ])erformed. It 
would bo useless for a trader to prepare an 
account purporting to show tho amount of his 
))rofit or loss until ho knew that his books wore 
free from errors. Therc'foro he takes sto})s to 
ascertain wlicthcr that is so by prc])aring wliat 
is called a trial balance. 

Tho manui^r of doing this is as follows : 
A list of all th(i accounts in the lodger is prepan^d 
on paper ruk^d with two cash columns, and 
cither tho totals of the debits and credits on 
each account are inserted in tho left-hand and 
right-hand columns respectively, or tho balances 
only of the accounts are inserted according to 
whether they are debit or credit balances. 
When an account has the same amount entered 
on the debit side as on fhe credit side, Loth 
amounts aro omitted from the trial balance, 
as the agreement of tho gross totals of debits 
and credits will not be affected, because both 
will be decreased by tlie same amount. 

This principle of ornitting similar amounts 
from both calumiis is carried a step farther. As 
the omission of a like amount from both debit 
and credit columns does not affect tho agreement 
of tho gross totals, the smaller of the two totab 
on each account is deducted from tho larger, 
and only the difference is inserted in tho list 


of ledger accounts in tho appropriate column. 
In other words, only the balance of each account 
is included in tho list or trial balance. 

Total and Balance Methods. These 
facts point to two conclusions ; 

(1) That those accounts which have the same 
total amount on tho debit as on the credit side 
may bo omitted from tho trial balance. . 

(2) That it is necessary to include in the trial 
balance only the balances, and not the totab 
of tho remaining accounts. 

To show quite clearly that wo are justified 
in arriving at these conclusions, and that the 
omissions may safely bo made without impairing 
tho usefulness of the trial balance, the careful 
attention of the student is directed to the 
table given on tho next page, showing side by 
side the two methods. 

T'his table should enable the student easily to 
understand why agreement is obtained between 
the totals of the debit and credit columns of a 
* trial balance consisting of the balances of ledger 
accounts, because it sliows dt'arly that tlu' 
balance of an account is the amount remaining 
aft(‘r deducting the same amount from each side. 
Thus, in the case of “ Bank,” the amount of the 
smaller side—tho credit- is deducted, leaving 
1:4] 4 .3s. 2d. in the debit column, and nothing ffi 
the credit column. Jii tho (;ase of “Sales,” the 
smaller amount being in the debit column, the 
sum of £152 IDs. Od. is deducted, leaving nothing 
to debit, and £fi547 10s. Od. to credit. 

Closed Accounts Omitted. It b ob- 
vious, having regard to tho amount of the 
purchases and sales, that all the accounts in 
Smith & Jones’ lodgers have not been brought 
into the trial balance. Our ptirsonal accounts 
number only eight in all, while the transactions 
to which they relate amoimt to only some 
£1700 to £*1800. J’ho only reason for the 
omission of tho rest of tho personal accounts is 
consideration of space, and their non-inclusioii 
does not affect tlie agri'c merit of the gross 
totab, as their debit-s and credits must be equal. 

The plan of preparing the trial balance by 
showing the totals rather than the balances of 
the several accounts has only one real recom- 
mendation, and even that is not applicable to 
modem methods of bookkeeping. When every 
transaction was entered in detail in the journal, 
and iMistcd thence separately to the lodger, the 
trial balance on the total system jirovided an 
additional- check on the accuracy of the work, 
in that the gross totab agreed with the totab of 
the debit and credit columns of the journal.- As 
wo have seen, however, modem requirements 
have forced the business community to adopt 
labour-saving devices in regard *0 accounts as in 
other mattem. The existence of several journals 
would render the obtaining of such a chock 
somewhat difficult, and the result would hardly 
justify the labour entailed. 

The Balance Method. But there is 
another and more weighty reason for the adop- 
tion of the balance system. A trial balance made 
up of tho balances of the open ledger accounts 
contains within itself all the materiab necessary 
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Trial Balance Extracted from the Lei 

►GER OF Smith ^ 

Totals. 

Jones, on 31st December, 1905 

1 

Name of Aooount. 

Deb 



Debits. 

bibinces. 

1 

its. 


(’rctliLs. 



Credits. 

Bank 

4.«‘21 

17 

3 

4,207 

14 

1 

tu 

3 

2 



Cusli 

87 

16 

8 

74 

18 

2 

12 

18 

iS 



Btock . . . . . . . . 

1,750 

0 

0 

- 

— 


1,750 

0 

0 



Purchas«^s , . . . . . 

5,250 

0 

0 

105 

15 

0 

5,144 

5 

0 



Sales 

152 

10 

0 

6,700 

0 

0 


— 


6.547 10 

0 

Wages 

725 

16 

0 




72.") 

16 

0 



Siilarios . . . . . . . . 

357 

10 

0 



357 

10 

0 



Freight nncl carriage . . 

140 

8 

6 

- 

— 


146 

8 

6 

..... 


Rent, rat(^s and taxes ,, 

350 

0 

0 

- 

— 


tteO 

0 

0 



Discount 

76 

14 

9 

52 

13 

6 

2 1 

1 

3 



Miscellaneous trade expenses.. 

100 

16 

2 

- 

— 


169 

16 

2 

__ 


A. Black.. 

206 

8 

0 

r> 

8 

6 

260 

19 

6 

__ 


T. Hall 

74 

6 

3 

74 

6 

3 


_ 


__ 


(>. Brown . • . . . . 

109 

2 

6 

2 

10 

11 

196 

11 

7 




C. Robinson .. .. 

220 

0 

0 

220 

0 

0 








F. White 

16 

8 

3 

222 

1 

1 


— 


205 12 

10 

Harris 

62 

10 

8 

62 

10 

8 


— 




S. (Jroy 

14 

9 

1 1 

178 

19 

0 


— 


164 9 

11 

W. (Iroon .. ., .. 

201 

11 

6 

15 

8 

.5 

ISO 

' 3 

1 




Sinitli, capital account .. 


— 


1,500 

0 

0 




l,.500 0 

0 

Do. drawing account . . 

160 

0 

0 1 


— 


1.50 

0 

0 




Jones, capitfd acMiount ,, 


— 


1..500 

0 

0 


_ 


1..500 0 

0 

Do. drawing account 

150 

0 

1 


- 


1.50 

0 

0 

— 



£14.922 

6 

7 

14.922 

5 

7 

9,917 

12 

9 

9.917 12 



for the proparation of the profit and loss account 
and the balance sheet, with the exception only 
of the amount of the stock on hand at the close 
of the trading period. 

This reason alone would have been sufficient 
to bring about the adoption of the balance 
method, in preference to the total method; 
but Avhen it is realised that there are in 
a business of moderate size many accounts 
where both sides agree in total — t.e., where debits 
equal credits — it scarcely need be stated that 
tlio balance method is used by accountants 
owing to the amount of labour saved by their be- 
ing able to omit such accounts from the trial 
balance. 

Object of Trial Balance. It is the 

desire of every trader to ascertain periodic^dly 
(1) what are his profits or losses ; and (2) what 
is his present position as regards assets and 
liabilities. To obtain the answ'er to these 
questions, he must jjrepare a profit and loss 
account and a balance sheet. But before ho 
can begin to do this he must first know that 
the work of recording his commercial trans- 
actions in his books has been correctly per- 
formed. The trial balance goes a very long way 
toward giving him this information, and it is, 
perhaps, no exaggeration to say that when a 
merchant or his accountant arrives at an agree- 
ment in his trial balance, he assumes the 
correctness of the work as a whole, and proceeds 
to the preparation of the profit and loss account 
and balanoe sheet. It should be mentioned, 
however, that there are certain errors which are 
not disclosed by a trial balance, and which may 
exist, although the gross totals of the latter agree. 
That is a matter which will engage our attention 
presently, but which need not detain us now. 
The importance of the trial balance in relation 


to the final accounts — viz.^ the trading and 
profit and loss account, and the balance sheet — 
cannot be over-estimated. Indeed, it needs very 
little consideration on the part of even a tyro to 
ap[)re(;iate the necessity of proving the accuracy 
of the books before proccu'ding further. This 
manner in which the test of accuracy is applied 
is by the preparation of a trial balance. This, 
08 already shown, consists of a list of all the open 
ledger accounts, arranged with debit and credit 
c^olumns, in which arc c'ntercd the balance's. It 
must be clearly understood that the trial balance 
forma no part of the general schcimi of accounts, 
and is not entered in the ledger or any other 
book. It is mad(^ up on loose sheets, and it-s 
object is to ascertain if the debit and credit sides 
of the ledger agree. 

Errors Disclosed by Trial Balance. 

if the totals of the debit and credit columns 
of the trial balance do not agree, it is uscl(?ss 
to proceed to construct the balance shet't 
until the cause of the difference has been ascer- 
tained. Before beginning a search in the 
ledger and other books, the bookkeeper will 
first make sure that the error is not in preparing 
tlie trial balance itself. The casting of the 
columns must bo checkt'd. If this does not 
result in discovery, tho separates amounts must 
be compared with the accounts in the ledger to 
see that the balances have been correctly brought 
into the trial balance, both as regards amount 
and the column in which»they have been entered. 
The casting of the ledger accounts must l)e 
checked to ensure that the balances struck are 
correct. Wluro an account has beem omitted 
because both sides apparently agree, the castings 
must be carefully revised, to see if by chance 
there is really a balance on th(5 account that 
should bo included. If these steps do not 
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result in the discovery of the difference, a search 
should be instituted for an item of the same 
amount as the difference, as it may be that it 
lias been posted to only one side of the ledger ; or 
the difference may be halved and a search made 
for the resulting amount, as it is possible that an 
item of that amount has been posted to the 
wrong side of the. ledger. In such an event the 
effect on the balance of the account will bo twice 
the amount so posted. 

Other Measures. If none of the above 
suggestions results in the difference being found 
it will probably bo best to call over the 
}X)siinga of the books of first entry into the 
ledgers. This, in the case of a largo busi- 
ness, is a work of considerable magnitude, 
and is usually the hist step to which recourse 
is had. In fact, the labour involved is so 
heavy that a system has botm devised by 
which, where a large number of ledgers arc in 
use, it is possible to locate an error as being 
in a particular book, and thus save an immense 
amount of time in the event of the trial balance 
of the whole of the lodgers not agreeing. This 
system is laiown as sectional balancing or self- 
balancing ledgers, and will be explained in detail 
in a later chapter. 

However small the amount of a difference 
may be, it must bo traced, as there is always the 
danger that it represents the balance of two or 
more errors of large amount, and is not a simple 
error in itself. 

Hints on Posting. One or two hints 
with regard to the mechanical work of posting, 
with a view to guarding against errors, will not 
be out of place here. Care shoiild bo taken in 
forming all figures ; fives, eights, and threes 
sliould bo quite distinct from one another, as 
should sevens and nines. The tails of the 
two last-named numbers should not be carried 
down too low, or they may bo mistaken for ones 
in the lino beneath. Do not enter figures too 
close to the binding. The writer has a lively 
recollection of a search extending over weeks 
for an item of tiveponce, which was at length 
discovered almost out of siglit in the bound 
edge of the book. Caro must be taken in the 
pounds column to keep units under units, tens 
under tens, etc. In banks and other establish- 
ments dealing with largo amounts, faintly 
ruled lines are provided in that column in order 
that the cashiers may strictly and yet easily 
conform to this rule. Post all debits first, Pviid 
do not commence posting credits until the debits 
are exhausted. If it can bo arranged, it is better 
for one clerk to post tho debits and another the 
credits. 

Compensating Errors. It was stated 
on page 1327 that there are certain errors 
whicli the trial balance does not disclose. . These 
may be classed generally as compensating 
errors. They are so called for the reason that 
they have a twofold dfoct. They are the 
more difficult of detection for th|> very reason 
that the trial balance does not reveal them, and 
search cannot, therefore, be made for them 
at the time of balanoing the books, as their 
existence is not known. They are brought to 


light by different means, according to their 
nature. This will be more clearly understood 
if we deal with specific instances : 

(1) INCORRECT CASH-BOOK ENTRY. 

An incorrect amount has been entered in tho 
cash book as received from a customer. 

This would not affect tho balancing of the 
books, for the incorrect amount entered as 
received on the debit side of the cash account 
will also be entered on tho credit aide of the 
customer’s account. The error will be discovered 
when counting the cash for tho purpose of 
checking it with the balance of the cash account. 
If this operation bo carried out daily, as dictated 
by ordinary prudence, the error would not 
have serious consequences, as it woilld probably 
be discovered before the amount had been 
iictually ])osted to tho customer’s account. 

(2) WRONG AMOUNT OF PURCHASE OR SALE. 

Entry of an incorrect amount in the invoice 
book or purchases journal. 

Tho amount will be posted to tho lodger to 
the credit of the seller of the good.s, (ind would 
also bo included in the total of the purchases 
for tho week or month, as tho case might be, 
and ])osted to the debit of tho goods or purchases 
account. This, it is clear, would have no effect 
on the balancing of tho lodger, and would not, 
thorefons be discovered at balancing time. 
It would not, liowever, be discovered so quickly 
as the preceding instance, for, as wo have seen, 
the baljiuco of the goods account does not 
ne<‘os.sarily, or even probably, agree with the 
value of the goods in hand. And even if it did 
this fact would not load to discovery at once ; 
for stock, unlike cash, is not counted daily or 
even fr<*fpiently, but at intervals sometimes of « 
as long as twelve months. Tho error will prob- 
ably remain undetected until the monthly 
statement of account is received from the seller 
and eomparetl with tho ledger account before 
being pas.sed for payment. A similar error 
committed in the day book or sales journal 
would be discovered when rendering tho monthly 
statement to tho purchaser, who would promptly 
repudiate liability if he had hcon overcharged, 
and who should, of couse, call attention to tho 
error if lie has been undercharged. 

(3) POSTED OR ENTERED TO WRONG ACCOUNT. 

(a) An amount posted to the right side of the 
wrong account. 

(b) An amount entered to tho wrong account. 

Obviously, this will not affect the balancing 

of the books, as the amount appears on tho 
proper side of the ledger. Suppose it bo casli 
received from Y, but posted to the credit of X. 
The error will be discovered ^hen sending in 
a statement of account to the former. He 
would point out that he had not been credited 
with the payment, and a reference to the cash 
book would show that tho sum had been erron- 
eously credited to X. 

If tho error arose in the posting of a sale of 
goods it would come to light in the same manner 
by charging the person with goods he had not 
received. Upon hearing from him that he had not 
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had tho goods, a search would reveal the facts, 
and tho error would be rectified by cancelling 
the debit to him and debiting the actual pur- 
chaser. An error in crediting a purchase to tho 
wrong person would bo discovered when com- 
paring statements received for payment with 
the ledger accounts. 

If the name of the wrong person has been 
given in the book of original entry the elfeet 
will bo the same as in the easels above cited, 
for the result will bo that the didiit or (credit 
will still go to the correct side of the ledger, 
but to the wrong ac^count. 

( 4 ) PURCHASE TREATED AS SALE. 

This would bo posted to the debit of the cus- 
tomer, then included in the total of sales for tho 
month, and posted to the credit of .sales or goods 
account . Tiuj double (‘ntry prinei pie having been 
observed, tho balancing of the ledger is nob 
alfected. It should not bo neec^ssaiy in such a ease 
as this to wait either for repudiation by the .sup- 
posed customer charged or for th<i slalcum'nt from 
th(i person who sold tho goods. An intelligent 
clerk would know from the name and address 
that, instead of being a buyer, the .supposed 
cu.stomer is really a seller, and an inquiry would 
viisult in the discovery of the error. Further, 
in a business of any si’/(% a separate lt;dger 
would bo kept for tho aecfuints of sellers and 
another (or .several) for those of eu.stomer.s. 
Tho fact of a new account being n('e(‘s.sary for 
a familiar name should load to inquiry and tho 
d(5tection of tho mistake. 

Danger of Qouble Errors. Owing 
To tho nature of compensating errors, their 
detection is not a matter de])ending upon tho 
c()rri.‘ct balancing of the books, but rather upon 
cfimmon-scnse and tlu^ alertness of the clerks in 
chargci. Car(ile.ss (duicking of statemenls of 
account or failure on the part of a customer 
to notify an uiiderchargo will result, in the 
absence of other means of discovery, in an 
error of this nature remaining undetecAc^d. 
Too Tillich stress, therefore, cannot be laid upon 
the necessity of a bookkeeper looking upon 
himself not as a mere machine for reconiing 
whatever is put before him, however improbabks 
but of u.sing his intelligence and making such 
inquiries as, from the nature of tho transaction, 
appear desirable, in any ease where a doubt is 
raised of tho accuracy of the original entry. 

In the next chapter the profit and loss and tho 
balance .sheet are dealt with. Meanwhile, students 
are invited to test their progress by working tho 
following exercises, selected from a Grade II. 
Bookkeeping Paper set in an examination held 
by the Society of Arks. 

John Shaw, having ojwned an account with tho 
Dales Bank, Ltd., by paying in £4,200 tr lii.s credit, 

October 12, 1903, purcha.*^^! (by clio(pio) on the 
following day, tho DuohosH Slate Quarry from William 
Black, the purchase price (after valuation) being 
— FreehoM land and quarry, £2,350 ; stock of slates, 
£300; and machinery, plant, tools, otc, £350. 
The following were his transactions up to I^ovombor 


21, 1903. All moneys received were j>nid into tho 
bank, and (except where slated) all payments 
made hy cheque. 

1903, Oct. 14. Drew nnd cashed ehequo (for petty 
cash) for £20. 


16. 

Bought mueliineiw from Crav. & Co. 


for C 15. 

Cave them his aec.'ptance. 


at one 

mouth, which was «luly 


honoured 


19. 

Sold t; Hill 

3,500 slates at £7 8s. per 


1,000. 


Bought 2 cwt. of drills from Shefllield 


Steel (Jo., 

, Ltd., at £2U j)cr tun. 

21. 

Paid rates. 

£«l lUs. 4d. 

23. 

Sold Patki 

•r A: <Jo. 1,600 slate.s at 


£7 4s. 2.1. 

p(>r 1 .UiMt. 

24. 

Drew cheijue £73 7s. 9d. for wages. 


nnd ])ai(i the same. 

Bank»Ml cMsh received for cartage, 
£4 2s. Cd. 

27. Math? (r. Hill nn nlKnvnnee for 2.'‘>0 

bn»Uen slatos (invoiiM'd on Oct. 10, 
1003). and made a e.laim up(Ui tho 
railway emnpany f«)r the amount. 

28. Reofuved elicijiie from (i. Hill in 

sellh*m('nl. of liis aceotinl, less 
.5 per cent, iliscount^ allowed. 
Bought 3 tons of rails at £."> a ton 
from Hotherluim Forge (lo,. Ltd. 

20. Sold Parker and (lo. P.-itU) slates at 

£7 4s. ]UT 1,000. 

31. Sold D. (lre(‘.n 4,200 slates at £8 3s. 4d. 
per 1.000. 

Drew cheque and cashed same (for 
petty eaish) for £11 15s. 4d., the 
petty cjish being kept uj>on the 
** iiny)re.st ” Rystem. 

Paid munager’a salury for tho month, 

£30. 

Drenv ehe(]uo £08 3s. 7d. for wages, 
and pni»l the same. 

Nov. 5. R(‘ct5ived cherpie £10 from Parker and 
Co. (oil account). 

Bought oil nnd other stores from 
Slipyiery tfe Co. for £4 lUs. 

6. Paid Sharp ct. Co. cheque £21 for 

k'gal charges. 

7 . Parker At (Jo’s chetpie for £10 

retuiTKid hy the hankers dis- 
houounnl, the bank chaiges on 
same being Is. 

Drtwv checjuo £70 8s. 4d. for wages, 
and paid tlm same. 

Banked cash reeoived for cartag(\ 

£7 14s. 

Bought 10 cwt. blasting powder at £."> 
a ton from Dynainito Sc (N>., Ltd. 

10. Received ehocjue from Parker Sc (Jo. 

for £10 (on account). 

10. Ihuight t imber from D. Croen for £10. 
19. Received clioquo from railway com- 
))anv for claim (in full) made Oct. 
27, 1903. 

21. Drmv ehmjue for self for private 

purpose £20, and caslieii .same. 

Drew cheque £02 1 7s. 0«1. for w'ago.s. 
and paid the same. 

Pn.ss the abovo transactions through tho pro])er 
books to the ledger ; balance th<! accounts as on 
Nov. 21, 1903 ; bring down the balances and extract 
a trial balance. No profit nnd loss account or 
balance slicet to be raised. 

Ntrno. No y)urticulnrs being given as to the ]»clty 
ca.sh cho(|UO (or £11 los. 4d. this amount nmsl b(» 
enbwcd in one sum in the main easli book. Wages 
need not bo ^^assed through the i)etty ca.-^h book 
in this COSO. 

J. F. G. FKKUO 


A valuable aeries of Technical Dictioaariet, esplainiag terms and phrases, appears at (he end of the Self-Educator. 
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SHORTHAND— LESSON 10. • BY 

T w o abbreviating devices, which are. 

employed with much success in Pitman’s 
Shorthand, are described in this lesson. The 
first ifi the systematic omission of medial con- 
sonants and the contraction of the outlines for 
certiiin long words of frequent occurrence ; and 
the second, which is known as phrasoography, 
consists of the joining of two, three, or more 
words without lifting the pen. 

Contractions* The consonant p is omitted 
between m and t ; thus 

^ ^ V. 

pumped^ * plumped^ humj^cd, tramped^ 

dampedy slampedy thumpedy comped. 

P between m and sh ; thus 

prcfiuiiipi ioiiy redr)npflon. (tssumption. 


SIR ISAAC PITMAN & SONS' 

T between « and another consonant ; thus 


posty postcujCy postage atampsy post office. 



poatponey poatponementSy irwaty mostly , honesty 


honesUyy testy testimonyy tesHmmitily testament, 
K or O between ng and t or sh ; thus 

dvitindy didinctiony distinguishy 

o 

anxum.'iy sancliony sanctity. 

The following si)t^ciMl contractions should be 
committed to memory. 


Acknowledge- d 



altogether 


anything 


architect-ure-al 


Better than 


Catholic 


character 

rzi 

churaotcristic 

o 

Danger 


dangerous 


destruction 

1 

difficulty 


disintereBled-ueoM 

doctrine 

!) 

domestic 


Enlarge-d 


especial-ly 

K 

cstablish-ed-ment 

everything 


expect-ed 


Govern-ed 
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List of Contractions 


governmont 

never 

Rather or 

Immediate ^ — > 

nevertheless ^ 

writer 

rather than 

immediately 

next 



nothing 

refomi-ed /V 

impossible 

impracticable 

notwithstanding 

reformation 


Object ^ 

reformer /Vi—. 

regular X 

improbable- bly- 

objection ^ 

ility 

C/ 

Parliamentary 

remarkable-ly 

influence 

peculiar-ity \ 

represent-ed ^ 

influenced 

perform-ed W 

represeiitaliou 

influential 

performance 

repreieutative /%» 

information 

performer 

republic 

instruction t; 

phonogrupher 

republican 

interost-ed 1 * Y 

phonographic Vy— 

respect-ed ^ 

irregular 

practice-d-cnl-ly — 

Reverend 

Knowledge ^ 

practicable 

Satisfaction | 

Manuscript 

probable-bly or 

me^.senger ^ 

probability 

satisfactoiT 

mistake-n 

prospect 

something 

more than 

public-sb-ed 

stranger ^ 

Neglect-ed 

publication 

subscribe-d . V- 


subscription 

suiprise 

N, 

Thankful 

.. 4 .. 

together 

• 

transcript 


transfer 

1 

transgress 


transgi-ession 

Unanimity < 

ir 

unanimous 


understand 


understood 

'f 

unexpectod-ly 


uniform-ity 

uninlluentiul 


uninteresting 


uiiSHtisfuctorj 


Whatever 


whenever 


Yesterday 
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Tick Tfte^ A slanting tick, joined to tho 
preceding character, and usually written down- 
ward, is employed to represent the; thus 



far the, in the, is the, make the, hath the.. 

When it is more convenient, tho tick is written 
upward ; thus 

V .c '■ 

from the, above the, before, t hr, sanl the, on the. 

In order to keep on the distinct from I, the 
first stroke must he written sloping. The tick 
the must never he used initially. 

Phraseography. The phonograpliic char- 
acters for a common phrase, consisting of several 
words naturally relati^d to each othi‘r, are joined 
together and written without lifting the pen ; 

for example ^ T shall be, u:r have not. 

Those groups of joined characters are known as 
phraseograms, and tho employment of this 


method of writing is styled phrast^ography. 
Phraseograms should not he made of words that 
can only be joined with difficulty, nor should 
they he too long, or carry tho j)en too far from 
the line. Tho phraseograms in the fcjllowing 
table should he copied several times till they 
can ho readily usimI. 

In phraseograj>hy 1 is fiv<juently abbreviated 
by writing the first stroke only, for example 

represents / aoi, and f ran. 

(J(;nera.lly, the first logogram in a phrase 

must occupy its proper position, thus \ can be, 

o — j/ou van; hut a logogram written in the 
first position Jii/iy ho raised or lowered to 
accommodate it to the following character, thus 

J. Ihn,l Tj.l 

A logogram or ])hraseogram may he written 
over or (“lose to a word to expri'ss vtni- or co)n~; 

thus yon irill comply, ' T am eo)ife}it. 

There or their may he added to a curved full- 

length logogram by doulfiing it ; thus V fn' 
there, ^ from their, ' 'intheir,^ if the re. 


1 Ido 

VI t I do not 
*•“* (j. I had not 

1 did not 

V. I have 

\ 1 think 

') I was 

J I shall 

^ I shall be 

I am 

I will 

o — you can 
you cannot 
'w-x you may 
you must 
you must not 
you will 

you will be 
/I you will do 
^you are 
^ he thinks 


Phraseograms 


^ he was 

and the 

he may 

should he 

he will 

slujuld do 

ho would 

C as it is 

we are 

a.s it should he 

we have 

_9 — as well as 

we have not 

Las not 

^ >\t? liave seen 

is it 

is not 

L it iH 

it is not ♦ 



$ who have 

b it is said 


1 

j 

1 who would 

l\ it slundd be 


!i it would be 

4^ who would not 

of course 

„.^..who would he 

^ of course it is 

^ that is 

to you 

JL fhat you 

to him 

^ that you are 

v-N to me 

which you may * 

^ to them 

which you will 

and have 

Zg which cannot 

X and it is 

^ with it 


Shorthand concluded 


; 

t 

r 

■ T" 

■ f 
"V 


with which 
with them 
when he was 
wluui it 
would it 
would be 


could not 

J ^ do not 
^ had not 

J did not 

^ for you 

f(U’ this 

V for this 
reason 

'V in which 

in this w'ay 

our owm 

^ so that 

(/“ they will 

^ this is 
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Chain Rule. Unitary Method. Proportional Parts. 
Percentage. Profit and Loss. Examples and Answers. 

RATIO AND PROPORTION 


106. The ratio of one quantity to another of 
the same kind is the number of times the first 
contains the second. 

This “ number of times ” may bo either a 
whole number or a fraction. 

Since wo use division to find how many times 
one quantity is contained in another, the ratio 

of two quantities is expressed thus 

2nd Quantity 

or thus, 1st Quantity : 2nd Quantity, the nota- 
tion in the second case being an abbreviation of 
Ist Quantity -7- 2nd Quantity. Hence, we see 
that to find the ratio of one quantity to another 
wo have simply to express the fii'st as the fraction 
of the second, exactly as in Art. 92. The ratio 
of 3 furlongs to 5 miles is since this is the 
result we get, on reducing 3 furlongs to the 
fraction of 5 miles. Evidently, the quantities 
must be “ of the same kind.” There is no ratio 
between 2 ions and 5 sovtToigns, for 2 tons 
cannot be expressed as a fraction of 5 sovereigns. 

106. The two quantities w'hich form a ratio 
are called the terms of the ratio. The first term 
is called the antecedent^ and the second the 
consequent. 

Since the numerator and denominator of a 
fraction may both be multipli(;d or both 
divided by the same quantity, it follows that 
the terms of a ratio may both bo multiplied, or 
both divided by the same quantity without 
altering the value of the ratio. 

107. Four quantities are said to bo in proportion 
when the ratio of the first to the second equals 
the ratio of the third to the fourth. 

Example 1. 2, 3, 12, 18 are in proportion, 
since f — 

Example 2. 7 men, 5 men, 3s. fid. and 2a. fid. 

form a proportion. For the ratio of 7 men to 

5 men ” I, and the ratio of 3s. fid. to 2s. fid. — 

3s. fid. 7 sixpences 7 

2a. 6(1. 5 sixpences 5 ’ 

The proportion is expressed by writing the 
sign ; *. or the sign - between the two ratios. > 

Thus, 7 men ; 5 men ; ; 38. fid. ; 2s. fid. 

or, 7 men : 5 men — 3s. fid. : 28. fid. 

Either expression is read thus : “7 men is to 

6 men as 3s. fid. is to 2s. fid.” 

Since the first two terms of a proiwrtion 
form a ratio, they must be quantities of the 
same kind. Similarly, the third and fourth 
terms must be of the same kind. 

The firfit and last terms of a proportion are 
called the extremes, thq^ second and third are 
called the means. 

108. In any proportion, the product of the 
extremes equals the product of thf means. 

Consider the proportion 21 lb. : 1 cwt. H 
Is. : 5s. 4d. 


91 Ik 91 

The first ratio is * The second 

1 cwt. 112 

Is 1^^ 

ratio is The proportion thus 

5s. 4d. 64 * 

91 19 

states that,,_ -- 

112 64 

If wo now multiply each of these fractions by 
112 X 64, we obtain 21 x 64 - 112 >^12. That 
is, the product of the extremes equals the 
product of the means. Any other case can be 
proved in the same way. 

109. The application of proportion to the 
solution of problems depends entirely on the 
property just proved ; for, by means of it, wo 
can, when we know any three terms of a pro- 
portion, find the remaining term. 

Example 1. Find the third term of a pro- 
{X)rtion in which the first, second, and fourth 
tc»rms are 7, 1 1 , 77. 

The produ(!t of the first and last terms *- 
7x 77. 

Hence, tlie product of the second and third 
also = 7 X 77. Hut the second term is 11. 

The third term — - j An.'?. 

Example 2. Find a fourth proportional to 
21 yd., 8 yd., 42s. 

The product of the extremes — product of 
means _ 8 x 42. 

I'he first term is 21 ; therefore the fourth 

8 X 42 

- “21 ' ~ third . terra is 

42 shillings the fourth terra - Ifis. Ans. 

110. We shall now solve one or two problems 
by the aid of proix)rtion. 

Example 1. If 1 ton 5 cwt. of coal cost 
£1 1 Is. 3d., what will be the cost of 3 tons 5 cwt. ? 

Explanation. We make our ‘ “ answer ” 
the fourth term of the proportion. Now, the 
third and fourth terras must be of the same kind 
(Art. 107). Hence, since our fourth term is 
to be a “ cost,” so also must our third term. 
We see, then, that £1 11s. 3d. must bo taken for 
our third term. It only remains for us to 
determine which of the two other terms, viz., 
1 ton 5 cwt. and 3 tons 5 cwt., is the first term 
and which the second. To do this we ask our- 
selves the question ; “ Will 3 tons 6 cwt. cost 
more or less than 1 ton 5 cwt.*t ” Evidently, 
it will cost more ; so that the answer we are 
seeking is greater than £1 11s. ,3d. — i.e,, the 
fourth term is greater than the third. It follows 
that the second term must be greater than the 
first. Therefore, we are able to our pro- 
portion, thus : 

1 ton 5 cwt. : 3 tons 5 cwt. ; ; £1 lls. 3d. : Ans. 
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We must now reduce the first and second 
terms to the same denomination (since a ratio 
is a fraction^ and to express one quantity as a 
fraction of another we must reduce them to 
terms of the same unit). The answer is then 
obtained by multiplying together the second 
and third tenns, and dividing by the first 
(Art. 109). Since the product of the second and 
third terms forms the numerator of our answer, 
and the first term forms the denominator, it is 
clear that we may cancel common factors of <ho 
first and third terms, or of the first and second, 
hut ruyt of the second and third. 

The work finally appears thus : 

1* ton 5 cwt. ; 3 tons 5 cwt. ‘.‘.£111 3 : Ans. 

20 20 _ 
cwt. cwt. 5)20 6 3 

5 13 £4 1 3 Aha , 

Example 2. If a certain pasture lasts 50 
sheep 24 days, how long will it last 64 sheep ? 

Here, the term which is of the same kind as 
the required answer is 24 days. Put 24 days for 
the third term. N(*xt, ask the qu(‘stion “ Will 
64 shec‘p bo able to graze for a longer or shorter 
period than 56 sheep ? Evidently, since there 
iivi'i more sheep, the pasture will last leas time. 
The scjcond term must, therefore, be less than 
the first. 

Hence, 

64 sheep : 56 sheep ! ! 24 days : Ans. 

3 7 

Ans. - days = 21 days. 

111. Such questions as tho above, in which 
we are given three ^iuantitics and requirtjd to 
find a fourth, belong to Simple Proportion. 
We shall now consider questions of a like nature, 
but having more quantities involved, and thus 
requiring more than one application of the rule 
in order to solve them. Such questions belong 
to Compourid Proportion. 

Example 1. The carriage of 36 lb. for 
45 miles is fis. 9d. How far will 58 lb. be 
carried for 14s. 6d. ? 


Wo first consider the following question : 
“If 36 lb. be carried 45 miles for 6s. 9d., h(»w 
far will 36 lb. be carried for 148, fid, ? ” The 
36 lb. carried, being the same in each case, 
cannot affect 'the question. Therefore, wo have 
6s. 9d. ; 14s. fid, .* ! 45 miles : required distance. 

Hence, this distance - — miles, 
os. 9d. 

45 X 174 

= “ir 


We next ask, “ If 36 lb. be carried ~ 

ol 

miles for 148. fid. how far will 58 lb. be 
carried for 143. 6d.” Here, the 14s. 6d. does 
not affect the question, and we have (since 
more lbs. will be carried a less distance), 

68 lb. : 36 lb. : I miles: Ans. 

ol 

5 3 4 

Ans. a miles = 60 miles. 




We see, then, that the given distance, 45 
miles, has to be changed in the ratio formed by 
multiplying together the two ratios and 

Tho ratio formed by multiplying together 
two or more ratios is called tho ratio compounded 
of those ratios. 

It may he expressed by writing tho separate 
ratios under oik? another and bracketing them 
together. 

The abov(^ example would then be stated as 
follows : 


fis. 9d. 
58 lb. 


14s. 6d.^ . 
36 lb. I • 


45 miles : Ans. 


and the answer is obtained by multiplying the 
third term by all the second terms, and dividing 
by all the first terms. 

Example 2. If 25 num dig a trench 210 yd. 
long, 4 yd. wide, 2 yd. deep in 315 days of 
8 hours each, in how many days will 150 men 
dig a trench 280 yd. long, 3 yd. wide, and 3 yd. 
dei‘p, working 10 hours a day V 

First, pick out the quantity which is of tho 
same sort as the required answer, t.p., 315 days. 
This is our third term. We now ask a scries of 
questions, referring always to this 315 days. 

(i) If 25 men take 315 days, how long will 
150 men take ? Ix‘ss. Tliorefore, first ratio is 
150 men ; 25 men. 

(li) If 210 yd. length takes 315 days, how 
long will 280 yd. length take ? More. There- 
fore, second ratio is 210 yd. : 280 yd. 

(iii) If 4 yd. width takes 315 days, how long 
will 3 yd. width take ? Less. Hence, 4 yd. : 3 yd. 

(iv) Similarly, considering the depth, we get 
2 yd. ; 3 yd., and (v) considering lengtli of day, 
we get 10 hours : 8 hours. Hence, our statement 


IS, 

450 men ; 25 men ^ 

210 yd. : 280 yd. 

4 yd. : 3 yd. Ki 

2 yd. . : 3 yd. 

10 hr. : 8 hr. 

/. Required number of days 


315 days : Ans. 


63 ^ 

X X X X 

V^QxW< X 

li X 


= 63 days Ans. . 


CHAIN RULE 

112. Suppose wo have a series of quantities 
of different kinds, with a given relation between 
tho first and second, between the second and 
third, and so on. We find the relation hctwi'cn 
the first quantity and the last quantity by a 
method known as Chain Rule. 

Example 1. If 3 turkeys are worth 5 gc(‘se, 
4 gee,se are worth 11 ducks, 3 ducks are worth 
4 fowls, and a pair of fowls costs 6 shillings, 
find the value of a turtcy. 

Using tho sign = to denote “ arc worth,*' 
we have 

Required value? (in shillings) 1 turkey. 

3 turkeys = 5 geese. 

4 geese = 11 ducks. 

3 ducks = 4 fowls, 

2 fowls = 6 shillings. 
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Thus, the same denominations (shillings, 
turkeys, etc. ), occur on the left as occur on the 
right. Therefore, the product of the numbera 
on the left will equal the product of the numbera 
on the right ; from which we obtain 

Required value = shillings 

oxHxJ^xi^ 

= ‘J;- 18s. 4d. Ana. 

Example 2. In a mile race A boats B by 
(50 yd. B beats C by 80 yd. By how much 
docs A beat C ? 

Here, A goes 1700 yd. while B goes 1700 - 00, 
or 1004 yd. B goes 1700 yd. while C goes 
1700-80, or 1680 yd. 

Arranging the work as in Ex. 1, we have 
A’s 1700 B’s 1094 
B’s 1700 = C’s 1080 
Reqd. C’s = A’s 1700 
77 21 


C goes 




1017 yd. 


A beats C by 1700-1617 = 


y(\. Ana. 


UNITARY METHOD 

113. All the examples considered in Arts. 110- 
112 may be solved by the Unitary Method. 
Such a method is neat enough when applied to 
problems in simple proportion, but is not to be 
recommended in other cases. VV’e shall, how- 
ever, work out Example 2 of Art. 110, and 
Example 1 of Art. Ill, to illustrate it. 

Example 2, Art. 110. If a certain pastuio 
lasts 50 sheep for 24 days, how long will it last 
04 sheep ? 

Pasture lasts 56 sheep for 24 days. 

It lasts 1 sheep for 24 x56 days. • 

It lasts 64 sheep for 

— days —21 days yly^jf. 


Example 1, Art. 111. The carriage of 36 lb. 
for 45 miles is 6s. 9d. How far will 58 lb. be 
carried for 14s. 6d. ? 

For 6s. 9d. 30 lb. is carried 45 miles. 


For Id. 36 lb. is carried 


For Id. 1 lb. is carried miles. 

81 

For 14s. (kl. 1 lb. is carried 

4.5 X ."le X 174 ., 

81 

For 14s. Od. 58 lbs. is earned 

45x36x174 .. . 

-o — miles = 60 miles Aiia. 
81xo8 


PROPORTIONAL PARTS 
114. It is often required to divide a given 
quantity into parts proportional to given num- 
bers. The method of working will be understood 
from the following examples 
Example 1. Divide £8 12s. 6d. into three 
parts proportional to 2, 3, and 5. 

Since 2 -P 3 + 5 — 10, it is evident that if we 
divide the sum of money into 10 equal portions, 
the tliree parts required will consist respectively 
of 2, iaa 5 of these portions. 
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Now. £8 12s. 6d. -f- 10 = 17s. 3d. 

The three parts required are 

178. 3d.x2 = £l 14s. Od.! 

17s. 3d. x 3 -- £2 11s. 9d. \ Ana. 
and 17s. ,3d. x 5 = £4 6s. 3d. J 

Example 2. Three men, A, B, and C, rent a 
field for £24 9s. 2d. A grazes 23 cattle for 

17 days, B grazes 27 for 15 days, and C 21 for 

18 days. How much of the rent should each 
pay ? 

A’s 23 cattle for 17 days require as much os 
23 X 1 7 cattle for 1 day - 391 for 1 day. 

Similarly, B uses as much as 27 x 16 = 405 
for 1 day. 

And C uses as much as 21 x 18 = 378 for 
1 day. 

The rent should, therefore, be divided in the 
proportion of 391, 405, and 378. 

Now 391 + 405 + 378 ^ 1174. 

Therefore, A should pay 

of £24 Os. 2d. 301 x x 5d. 

1174 1174 

= £8 2s. lid. I 

B should, pay 405 x.5d. = £8 8s. 9d. h Ana. 

C should pay 378 x 5d. £7 17s. fid. ) 

Example 3. Three boys. A, B* and C, divide 
10726 nuts between them. As often as A 
takes 4, B takes 5, and as often as B takes 3, 
C takes 7. Find the number each boy has. 

A’s share : B’s share =4:5. 

B’s share : C’s share — 3 ; 7. 

The numbers representing B's share in the 
two ratios are 5 and 3. The L.C.M. of 5 and 3 
is 15. Therefore, multiply the first ratio by 3 
and the second by 5, in order to make B’s share 
bo represented by the same number, 15, in each 
ratio. We thus obtain 

A’s share : B’s ; C’s = 12 : 15 : 35. 

A has 

= 12 X 173 = 20761 
B has 15 X 173 = 2595 Mw s-. 
C has .35 X 173 = 60551 

EXAMPLES 14 

1. A man whose stride is 30 in. takes 3120 

steps to go a certain distance. How many steps 
will a man whose stride is 2 in. longer take to go 
the same distance ? • 

2. A garrison of 6000 men has provisions for 
137 days. After 50 days it is reinforced by 800 
men. How many more days will the provisions 
now last ? 

3. A man contracts to do a piece of work in 
48 days, and employs 20 men. Ho finds, at 
the end of 36 days, that only4ialf the work is 
finished. How many extra men must ho now 
engage in order to fulfil the contract ? 

4. When candles are 6 to the pound, each 
candle burns 6 hours. How long will a candle 
burn when they are 8 to the pound ? 

6. In a certain village 2 women in every 5, 
and 4 men in every 9, are unmarried. There 
are 24 unmarried women, and the total number 
of men is to the total number of women in the 
ratio 3 : 4. Find the number of married men. 
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6. A cask was filled with wine and water 
mixed together in the ratio 5 : 3. When 16 
gallons of the mixture had been drawn off, and 
water put in inslead, the ratio of wine to water 
was 3 ; 6. How, many gallons did the cask 
hold ? 

7. If the carriage of 72 cwt. for 15 miles is 
£2 5s., how far will 5 cwt. be carried for half- 
a-crown ? 

8. If 4 men or 8 women can plant a field of 
5 acres in 3J days, working 10 hours a day, how 
long will it .take 2 men and 3 women to plant 
8 acres working 12 hours a day ? 

9. The first of 4 boys can copy 4 pages while 
the second copies 5, the second docs 6 while the 
third does 7, and the third does 3 while the fourth 
docs 2. How many pages will the fourth boy 
copy while the first boy docs 1 8 pages ? 

10. In a 100 yd. race A beats B by I yd. 
B beats C by ij yd. in 120 yd. By how 
much will A beat C in a mile, supposing A, B, 
and C to always run at the same rates ? 

11. A heap of 126 coins consists of half- 
crowns, florins, and shillings ; the values of the 
half-crowns, florins, and shillings are as 2 : 3 : 4. 
How many shillings are there ? 

12. If 100 men can make an embankment 
55 yd. long, 20 ft. wide, and 5 ft. high in 4 days, 
working 11 hours a day, how' many will be re- 
quired to make an embankment 120 yd. long, 
25 ft. wide, and 4 ft. high, in 5 days, working 
12 hours a day ? 

PERCENTAGE 


115. The expression “per cent.,” which is 
an abbreviation of the Latin words “ per cen- 
tum,” means ” for each hundred.” 

The symbol % is often used to denote “ per 
cent.” Thus, 7 per cent., or 7%, means 7 parts 
out of every 100 parts, i.e., of the whole. 

The number per cent, is called the rate per 
cent. 

116. Clearly, then, a percentage of a given 
quantity can alw^ays be expressed as a vulgar 
fraction of that quantity. In some cases the 
corresponding vulgar fractions are so sim^)le 
that it is advisable to remember them. For 
example : 


661 ®/ = -- ^ 
100” 3’ 

OJLO/ _ 1 

" 100 “ 40 ’ 

and so on. 


5% 

12i%- 


5 1 

100 ' 20 ’ 
12^ 2 
100 8 ’ 


Again, since 5% = 5% of £1 = Is. 

Therefore, 5 per cent, of any sum of money is 
“ Is. in the £.” Similarly, 21 per cent, of a 
sum of money is “ 6d. in the £.” 

117. To find any required percentage of a 
given quantity, express the percentage as a 
vulgar fraction, and take that fraction of the 
given quantity. 

Example 1. Find the value of 7 per cent, of 
35 tons. 


7 percent. = 7 
Hence 35 tons 

7 


2*45 tons 
20 

^ 00 cwt. 

2 tons 9 cwt. Ans. 


Conversely, to find what percentage one 
quantity is of another, reduce the first quantity 
to the fraction of the second [Art. 92]. and 
take that fraction of 100. 

Exaraphi 2. A tradesman deducts ,3.9. 6d. 
from an account for £5 16s. Hd. .as “discount 
for cash.” What rate per cent, does he allow ? 

Required rate per cent— ^ of 100 

£5 l()s. 8d. 

00. 

PROFIT AND LOSS 


118. Wlien a thing is sold for more than it 
cost the seller, it is said to be sold at a profit. 
If it is sold for less than the cost, it is sold at a 
loss. Hence, 


Profit = Selling Price - Cost Price. 

Loss = Cost Price - Selling Price. 

A profit, or loss, is generally reckoned as a 
percentage. 

It is always understood that the percentage is 
reckoned on the cost price. 

Thus, if an article which costs 9d. is sold for 
Is., the seller gains 3d. on an outlay of 9d., 
i.e.y he gains ij, or J of his outlay. His gain 
per cent, is, therefore, J of 100, or 33 j per cent. 

A common mistake is to say that he gains 
3d. on Is., i.e.y J of 100 per cent., or 2.3 per cent. 

119. The types of questions met with in Profit 
and IjOss, and the mi'thods of solving them, 
will be understood from the following examples : 

Example 1. A merchant buys 56 gallons of 
wine for £58 6s. 8d., and sells it at 21s. 8d. a 
gallon. What is his gain or loss per cent. ? 

He bu37s 1 gallon for — £1 Os. lOd. 


He sells 1 gallon for £1 Is. 8d. 

Therefore, he gains £1 Is. 8d. - £1 Os. lOd., 
i.e.y lOd., on an outlay of £1 Os. lOd., or 250d. 
His gain per cent, is, therefore, 

.//{j of 100 = 4% An^. 

Example 2. A watch was sold for £8 lls. at 
a loss of 5 per cent. What would have been 
the gain or loss per cent, had it been sold for 
10 guineas ? 

The watch is sold for 95 per cent, of its cost. 
We have, then, a question in simple proportion, 
viz., “ If £8 1 Is. represents 95 per cent, of the 
cost, how much per cent, of the cost does £10 10s. 
represent ? ” Whence, 

£8 lls.: £10 10s. ^5% of cost ; required 

percentage. 

5 70 

per cent. 

Ten guiiieas represents - “ yfeost 

3 


= 116:1 per cent, of cost, i.c., there is a 

gain of 16?^ Ans. 
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Not© that in questions liko Ex. 2 it is ‘not 
necessary to find the cost price. 

Example 3. A jeweller prices a brooch 40 per 
cent, above cost. Ho deducts 12J per cent, for 
cash, and gains 9s. What did the brooch cost 
him ? 

A brooch which costs 100 is marked 140, 
f.c., it is marked at }i}J, or I of its cost. 

I’ho jeweller deducts of its marked price, 
so that ho sells it for or J of its marked 


price. 

Hut I of marked price ~ J of I of cost — j g 
of cost — (1 + j'i)) of cost. 

He therefore gains w'hat it cost him. 

Hence, 9s. — of cost. 

Therefore, cost — 40s. — £2 Ans. 

Example 4 . If 2J per cent, more is gained by 
selling a horse for £7o than by selling it for 
£73 10s., what did the horse cost ? 

The difference in the selling prices -• £75 - 
£73 10s. - £1 10s. 

Therefore £1 10s. is per cent, of the cost 
price, i.e,, of the cost price. 

Hence, cost price — 40 x £1 lOs. -- £00 Anfi. 

Example 5. A man sells an article at a profit 
of 5 per cent. Had ho bought it (i|: per cent, 
cheaper and sold it for Od. more than he did, he 
would have gained 15 per cent. Find the cost 
price. 

If he bought for Oj per cent, less, he won.ld 

pay of what ho actually does pay. 

I (K) 


To gain 15 per cent, he must sell for | of the 
115 

cost, i.e., he must sell for x ' ' ^ of the actual 
100 100 


cost. 


23 

- W 


3 

m 

16 


69 


= X = 7' of actual cost. 

54 

4 

But ho really sells to gain 5 per cent., f.e., 
for or H/) of the cost price. The difference 
between these selling prices is of the 

cost i)ricc, or of cost price. 

And the question tells us the difference in the 
selling prices is 9d. Hence, 9d. - of cost 
price, so that the cost price 

- 320d. = £1 6s. 8d. Ans. 


EXAMPLES 15 

1 . By selling goods for £247 a merchant loses 
5 per cent. What ought the selling price 
to be to gain 7 per cent. ? 

2. A man buys a number of oranges at 2 a Id. 

and an equal number at 3 for 2d. He sells 
the whole at 5 for 3d. Find his gain or 
loss per cent. ^ 

8. If 4 per cent, more is lost by selling an 
article for 9s. 2d. than by selling it for 9s. 7d., 
how much per cent, is lost in each case ? 

4 . A shopkeeper bought 750 eggs at 15 a 
shilling. He broke 113, and after selling 
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the remainder, found that he had lost 2% on 
his outlay. How many did he sell for a 
shilling ? 

6. 24 lb. of tea worth Is. lOd. per lb. are mixed 
with 8 lb. worth 2s. lOd. per lb. At what 
price per lb. must the mixture be sold in 
order to make a profit of 10 per cent. ? 

6. A man sold a house at a profit of 10 per 
cent. Had he sold it for £168 less, and 
bought it 5 per cent, cheaper, he would 
have gained 4 per cent. For what amount 
did he sell th(^ house ? 


ANSWERS TO EXAMPLES 14. 

1.2925; 2.75; 3.40; 4. 44 hrs. 

5. » of the w'omon are unmarried, f.e., 
24 — f of the women. Total number of 
women — f of 24 — (iO. Now, number of men : 
number of women ! .* 3 ; 4. Hence, number of 
men = J of 60 — 45. But 5 men in every 9 
are married. Number of married men = 
5 of 45 ^ 25 Ans. 


6. At first •* of the cask is wine. At the finish 
§ of the cask is wine. Therefore the 16 gallons 
of the mixture taken out contained ] of a cask 
of wine. But 16 gallons of the nuxturo contains 
H of the 16 gallons or 10 gallons of wine. There- 
fore ] of a cask is 10 gallons. The cask, therefore, 
held 40 gallons. 

7. Slatenientis 


£2 5s. 


72 

2s. iki 




15 miles : Ans. 

Whence, Aws. — 12 miles. 


8. 4 men do ns much as 8 women. 1 man 
— 2 women. Hence, 2 men and 3 women - 7 
women. We then have? the staloment 


7 w'omcn : 8 women 1 
5 ac. 8 ac. f ! ! 3i^ days : Ans. 

12 hr. ; 10 hr. J Whence, ..4 ns. ■ - 5J days. 

9. Calling the oys A, B, C, D, we have 


A’s 4 pages -- B’s 5 pages 
B’s 6 CTs 7 „ 

C’s 3 „ - D’s 2 „ 

Roqd. D's — A’b 18 

Hence, 


j 5x7x2x18 

Ans. — — - 17.V pages. 

4 y n y < ‘ 

10. As in Art. 112, Ex. 2, wo have 
A’s 100 = B’s 99 

B’s 120 C’s 118] 

Reqd. C’s — A’s 1760 

Therefore, while A goes 1 mile, C goes 
99xll8Jxl760, 

100 X 120 


yd. - 1724i yd. 


Therefore, A beats C by 1760 - 1724} 
^ 35 j yd. A ns. 

11. The values are as 2 : 3 : 4, which is the 
same thing as £2 : £3 : £4. Now £2 — 16 half- 
crowns, £3 ~ 30 florins, £4 — 80 shillings. 
Therefore, the numbers of the coins are as 
16 ; 30 : 80. We have, then, to divide 126 
coins proportionately to 16, 30, 80. But 
16 4 30 -f 80 = 126, ‘ Hence, the heap contains 
80 shillings Ans. 

12. 160 men. 


H. J. ALLPORT 



A KEY TO THE HARMSWORTH SELF-EDUCATOR 

From this table of the 25 groups of the Sclf-Kducator the student may find the place of any subject treated 
in the work. The main groups appear in regular numerical order in each part of the Kducalor, each group 
contmuing until complete. The sub-divisions of the groups appear as nearly as possible in the order of this page. 


Group 1. Success 

The Secrets of a Successful Life. Personality. Applied 
Education. Ideas. The Oualities that Win in the World. 

Group 2. Geo)?raphy and Travel 

Geography. Physical, Political, and Commercial. 

Travel. Educational Travel. How to Sec the World. 

Group 3. Arts and Crafts 
Art. Ideals and History of Art. The Old Masters. 
Drawing. Freehand. Object. Brush. Memory. Light A* Shade. 
Painting. Theory and Training. 

Design. Design in Crafts and Trades. Book-decoration. 

Illumination. Design for textiles, wallpapers, metal work. 
Sculpture. Modelling. Chiselling. Casting. 
Architecture. Theory. Styles. Training. 

Carving. Wood. Bone. Ivorv. Tortoiseshell. 

Art Metal Work. A Practical Course. 

Photography, A Course of Simple Lessons with a Camera. 

Group 4. Phy.slologry and Health 
Physiology. Structure and Working of the Human Body. 
Health. The Laws of Health and Personal Hygiene. 

Group 5. Agriculture and Gardening 
Farming. A Practical Course in the Cultivation of the 
Earth. Live-stock. Dairying. Poultry. Be<*keeping. 
POREsiKV. 'Jhe Theory and Practice of Managing Tiees. 
Gardening. Gardens lor Pleasure and I'roiit 

Group 6. Chemistry 

Chemistry. Complete Course in Theory and Practice. 
Applied Chemistry. Th<* Applications of tlhemistry m 
Industry. ClH’mical Analysis, Acids and Alkalies. Oils.md 
I'.'its. Waxes. Candles. Soap, Glycerine. Volatile Oils 
and Perfumes, Paints and Pobsh<-s. (ilues. Starch. Inks, 
tual I ar iToduds, Wood Distillation. Celluloid. Matches. 
Artificial Manures. bJcctro-cheinisti y. Watei-Soflening^ 
VV.iste Products. AHitici.il Silk. 

Group 7 . History 

Jhe Story of All Ages and Peojiles for Over Ten riioiisand 
Years — Prom Egypt and Babylon to IHirope in IQ14. 

Group 8. Civil Engineering and Transit 
Civil liNOiNKEKiNc;. Snrveving. Varieties of Construe- 
tion. Keintorced Concrete. Roads. Bridges. Railways 
and Tramways, Water Supply. Sewerage. Refuse. 
Hydraulies. Pum|)s. Hai hours. Docks. Lightlious<‘s. 
Vehiclks. Construction .iiid Use. Cycles. Cabs, Buses Iranis. 
Moioks. Design .ind Management of a Motor t ar. 
Aviation. Soence and Managemenl of Plying Machines. 
Railways. Jhe .Management and Control of Railways. 
Shipbuilding. Shipping. Design .md Coiibtriu tioii. 

Group 9. Literature and Journalism 

Literature. A Survey of English I.iieratme and Poreign 
Classics. llie World's (ire.U Botd\s and their Writers. 
J0UKNALTS.M, How to Become .i Journalist. A (iuide to 
Newspaper Life. How to Write, ilie Jouruahsi's System. 
Printing. Composing by Hand and .Machine— Linotype 
and Monotype. .Stereotyping and Printing. 

Type. Typo Cutting and bounding. 

Engraving and Etching. Biockmaking and Process Work. 
Lithography. I'linling from the Stone. 

Bookbinding and l^uni.iSHiNG. Binding and Issuing Books. 

Group 10. Civil Service and Professions 
Civil Service. The Three Branches of the I’ublic Services 
of the British Empire - -Municipal, National, ]iiiperi.il. 
Banking. The Whole Practiro of Banking 
Law How to Become a Solicitor or Bairister. 

Medicine, draining of a Doctor. VTTerinary Surgeons. 

Dentists. Chemists and Druggists. Nurses. 
Insurance. Health. Unemployment. Life. Eire. Accident. 
Auctioneering and Valuing. Practical Training. 
Estate Agency. Management of a Great Estate. 
Church. How to I£nUr the Ministry of all Denominations. 
Scholastic. Teachers. Professors. Governesses. Tutors. 
Secretaries. Institution Officials. Political Agents.Lcclurers. 
LriiRAHiES. Management of Libraries. Cataloguing. 
Army, Navy Merchant Service. How to Enter J hem. 

Group 11. Life and Mind 
Biology. Ihe Rise of Life. Evolution. Heredity. 
Psychology. The Mind of Man. 

Sociology. Social Conditions. Welfare of Communities. 
Eugenics. Human Betterment and the Future ot the Race. 

Group 12. Business 

Business. The Management ot a Successlut Business. 

System. Simple i‘oliiical Jiconomy. 

Shoi'Kkfping. All Kinds of Shops and Small Trades. 
Advertising. The Value of Advertising. How to Advertise, 
ilow to Write Advertisements. How to Get Them. 


Group 13, Physics and Power 

Physics. The Science of Matter and Motion. 

Power. Sources .ind Uses of Power. Air. Water. Wind. 

Sun. Steam. Oil. Gas. Por Electricity, sec* Group 16. 
Prime Movers. Structure and .Management of all Engines. 

Group 14. Buildinf? Trades 

Bon DING. Ihc Building Trades ami Building Materials: 
their Manufacture and Use. Building a House. Ex- 
ravatiug. Drainage. Bricks, Limes, and Cements. Brick- 
l.iying. C lay Wares. Reinforced Coiirrete. Masonry. 
Carpentry. Slates and Tiles. Pluml)ing. Joinery. Poundry 
and Smith's Work. P.iinting. Papering and Glaxing. 
Heating. Lighting. Ventilation. Quantity Surveying. 
Wood-working MAcifiNEKV. The Machine, Used in 
Working Wood : Sawing, Turning, Planing, Moulding. 
Cabinet making and Uimiolsit- ring. 

Group 15. Natural History 
Botany. Flowers. I’bints. Seeds. Trees. Ferns. Mosses. Fungi. 
Zoology. Mammals. Birds, Pishes. Reptiles. Insects. 
Lower Forms of Life. 

Bacteriology. The Siorv of Microbes. Bacteriology in 
Relation to Health and Industry. 

Group 16. Electricity 

Electricity. Its Development and Countless Applica- 
tions. |{lectrical Engineering. 

Telrckai'Iis and TkLEriiONES. The Instruments and 
How to (ipi-ratt Them. 

Wireless Transmission, The Main Syst<*ma and their 
Methods ot Working. 

Group 17. Music 

Old Notation and Tonic Solfa. Tuition in All Instru- 
ments. Orchestration. 

Elocution and Singing. The Voice anti its Treatment. 
Musical Instruments. Their Design and Manufacture. 
Group 18. Manufactures 

If.xtiles. The Textile Trades from Beginning to End. 

Cotton. Wool. Silk. Hemp. J’lax. Jute. Carpets, 
Leather. The Lcatlu r 1 l lustry. Tanning. Boots and 
Sliues. Saddlery. Belting, (iloves. Sundry Leather Goods. 
(ii.ASS. Maiuifuctuie of All Kinds of Glass.' St. lined Glass. 
IvAKi hen WARE. Tlic Craft and Industry of Pottery. 
Pai'er. Papennaking of All Kinds. 

Rubber. The Source and Preparation of Rubber, and 
Manufacture ot Rubber Goods. 

'loBACco. Cultivation ami M.'inufaetiire. lobatco I’i|>es. 
loon SUPPLV. Milling. Brt'.olmakmg. Bisiuils am' 
Colder tiouc-ry. Sugar. Cuiidimenls. Iruit. lishern-,. 
Pood J'reservation, 

Beveka(;ks, 'i’ea. Coffee, (hotolate. Cuioa. Brewing 
Wines and Ciders. .Mineral Waters. 

Basket MAKING. Cork. Wattle. Cane. Barks. Brushes. 

Group 19. Astronomy. Geology Archseology 

Astronomy, The Universe as We Kmtw It. Millions ol 
Worlils, A Survey ot the Solar System. 

Gh»logy. Jhe Struetiiie ot the IC.irlh, Petrology 
C r ys tallogra ph v. Palaon lolog v . 

Archaeology. Buried History. The New Story of the 
Old Woild as Revealed by the Exi avator. 

Group 20. Mechanical Engineering 

Engineering. Applied Mechanics. \V<»rkshop Practice. 

Machine 1 ooK. .Machines and Appliann s. Cr.uies. 
Drawing for Cop{n rsiniths, Tinrm'n, and Boilermakers. 

Group 21. Langua{(es 

Latin. K,\t.i.isn. Ikemh. Gikman', .Scamsh. 

Group 22. Dress and Housekeeping 

Dress. I’rinciples ot Diessmaking. Uiideril.itlimg. 

Tailoring. Millmerv. Mattel^, bur-, and beatlicis 
Housekf.fping. Domestic .Managc*ment. Serxants ami 
their Duties. Cookery. Laundry. 

Group 23. Metals and Minerals 

Metals. Metallurgy. Properties and Cliaracterislics of 
Metals, lioii and Steel. Copj^er. lin. Zinc. JTec ioiis .Metals. 
Metal Manufactures. Arms and Arnnnmition. LiitJerv. 

Clocks and Watch«‘S. Jew« llery. Scieiitdic lii'-iruiuents. 
Minerals. Mineralogy. Pq^perties and Cluracteristus 
of Minerals. 

Mining. Coal. Gold. Diamonds. Tm. 

Quarrying. The Appliances and I’rou-sses of extracting 
and Preparing ^loiie. 

Gas. The Process of xManufacture. 
pEriKOLhUM. Exit action and Rc*fining Processes. 

Group 24. Clerkship 

Accountancy. Complete Training, Bookkeeping. 
Shorthand. PitmaiPs System, with Latest Improvements. 
lYPBWRiTiNG. Working and Management of All Machines. 
Group 26. Mathematics 

Arithmetic. Algebra. Simple Graphs. Euclid. Trigonometry. 
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No other magazine is 


Mi 

iff 
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11 a.m. Auntie looks .at an article, 
tleciiU'S to i;o throuj^li the whole 
ma.ua/ine. Puts it down for lunch. 

1‘30 fj.m. Grandma finds it, settles 
in lier armchair, and j^oes slowly 

f 8 p.m. “An admirable thins;- for the 
f children,” says Ihicle, picking it up for a 
^ peep whi('h lasts two hours, 
pp 6 p.m. Mother looks through it over tea, 
lets her tea get cold, and puts it down in 
an hour, saying, “'I'his should he calleil 
the Mother’s Magazine.” 

6 p.m. Kitty picks it np, and is happy, when 
Father comes home. “Ah, the Children’s 
Magazine ! Nothing like this when 1 was a hoy. 
Kitty and Tommy, get on with your lessons.*’ 
Reads till eight. 


Ah, so 




.Jf' 


II 












A KEY TO THE HARMSWORTH SELF-EDUCATOR 

continuing until complete. The sub-tli visions of the groups appear as nearly as possible in the order of this page. 


Group 1. Success 

The Secrets of a Successful Life. Personality. AppPed 
Education. Ideas. The Qualities that Win in the World. 

Group 2. Geography and Travel 

'Geogrspmv. Physical, Political, and Commercial. 

Travel. Educational Travel. How to See the World. 

Group 3. Arts and Crafts 
Art. Ideals and History of Art. The t^M Ma^^ters. 
Drawing. Ereehatul. Object. lirush. Memory. Limb t .V Shade. 
Painting. Theory and Tramint;. 

Design. Design in t. rafts and Trades. Book-decoration. 

illumination. Design for textiles, wallpapers, metal work. 
Sculpture. Modelling. Tliisellmg. Casting. 
Arciiiikciure. i'h'oty. Styles. 'Training. 

Carving. Wood. Bone. Ivorv. 'I ortoi>eshell. 

Art .MivTal Work. A Practical Course. 

Photography. A Coiiise ol Simple l.cssons with a Camera. 

Group 4. Physiology and Health 

PlIVSiOLOGV. .Siiiictme and Working of the Human Bodv. 
Health. The Laws of Health and Personal Hygiene. 

Croup 5. Agriculture and Gardening 
Farming. A Piartical Course in the Cultivation of the 
Earth. Livi- stock. Dairying. Poultry. Beekeeping. 
Torksirv. Tlie ’Theorv .uid Practice of Man.igmg 'trees. 
Gardening. Gardens loi Ple.rsure aiul Piofii. 

Group 6. Chemistry 

Chemistrv. Complete Course iii Thfoiv and Practice. 

Ai i'Likd Chemistry, 'i he .Apjilie.iiions of Chemistry in 
liidnsti v, Clu niical All dysis. Acids ami AlKali- s. OiU.iu l 
Tats. Waxes. Candles. Snap. Glvceniie. V'ul.itile < hh 
and Perfumes, Paints and Polishes, (.dues. St.ireh. Ink-. 
Coal i ar Pi ( ulucts. \\ ood 1 )istillation. Ca llnloid Mat( lies. 
ArtilH ial Manures. l-'Ieetro-cliemistry Water Sofu nm;;, 
Waste Products. Arlilici.il Silk. 

Group 7. History 

the Story of All .Ag s ami People- for Ov< i 'D s.ind 

Years — Tiom Tgyiit ainl Babylon to E opt ii.p 

Group 8. Civil Engineering and Transit 
Civil Engineerint.. Snrvevmg. V’arieties ot Corisfrur- 
tion.^ Heinloiced Coiiciete. Ko.ids. Budges. Kailw.ivs 
and Trariiwavs. \Vat<T Sufiply. Seweiage. Refuse. 
Hydraulics Pumps. Harbours. Docks. Lighthouses. 
\'f.iijcles. Coiistru lion and Hsr. Cveh s. Cabs, Bus»-s,Tranis. 
> oiORS. Design [1(1 Mari.igement ot a Motor tar. 
Aviation. Science am' M.inagenient of PiMiig Machines. 
Kailwav.s. Til .M.iiia, I'lit and Control of Railways. 
‘Shii'UUII DING. Shippii Design <nid Coiisinirfion. 

Group 9. Literature and Journalism 

■Literature. A Sinv<-v of b’nglisli I.iterature and Poieigo 
Classics. 'The Woild’s Great Books and then Writers. 
Journalism. How to Be( ome a Journalist. A Giiid** to 
Newspaper f.ife. How to Write. 1 he journalisi’s Syst#. m. 
Printing. Composing by Hand and Machine — Linotype 
and MonoUpe. Steieulyping and Piinling. 

Type. 'Type t.uuiiig and Pounding. 

Engraving and Ktching. Blockmaking and Process Work. 
Lithographv. Printing from the Stone, 

Bookbinding and Pi:Hi,isniN<'.. Binding and Issuing Books. 

Group 10. Civil Service and Profes.stons 
■Civil Service. *1 he Ihr<’c Braneliesiif the Public SiTvices 
of the British Hmpire-Munici|)al, National, Imperial. 
Banking. The Whole Practice of Banking. 

Law How to Become a Solicitor or Bainster. 

Medicine. Training of a Doctor. Veterinary Surgeons. 

Dentists. Chemists and Diuggists. Nurses, 
Jnsurance. Health. Uiiemplovment. Life. I-'ire. Accident. 
-Auctioneering and Valuing. Practical 'Training. 
Estate Acfncv. Management ot a (it eat ICslate. 
'Church. How to T.ntt r the Ministry of all Denominations. 
Scholastic, learhers. Professoi^ii. ‘ Go\ emessi Tutors! 
Secretaries. I ii:>!itutmn OlfKials.l’oluicalAgents.Lrctiirers! 
l.iniiAHiES. Management ot Libr.iries, (..Ualogmng. 
.Army, Navv Merchant Service. How to Tiuier lliem. 

Group 11. life and Mind 

Biolog V. The Rise ot Life. Evolution. Heredity. 

I sychologv. Ihe Miiul of Man. 

Sociology. Social Conditions. Welfarcof Communities. 
Eugenics. Human Betterment and the Ai Hire of the Race! 
Group 12. Business 

Business. Tlie Mnnagement ot a Successful Business. 
.System Simple Poluie.il ICconomy. 

Siior.K' riuNik. All Kinds of Shops and Small Trades. 

Ai.vrk •-.‘'aNc. The Value ot Adverti^uig. • How to Adverticc* 
How '•■ Write Advertiseiueuts. How lo Get Ihcui. 


Group 13. Physics and Power 

Physics, ihe Science of Matter and Motion. 

I'owER. Sources and Uses of Power. Air. . Water. Wind. 

Sun. Steam. Oil. Gas. Ibir Electricity, see Group i6. 
Prime Movers. Slructiue and Managcineiit of all Engines. 

Group 14. Building Trades 
Building. The Building Trades and Building Materials: 
their Manufacture and Use. Building a House, Ex- 
cavating. Drainage. Bricks, Limes, and Cements. Brick- 
Tiying. Clay Wares. Reinlorced Concrete. Masonry. 
Carpentry. Sla te-a and Tiles. Plumliing. Joinery. I'ouiulrv 
and Smith's Work. Painting. Papering and (ila/.iiig. 
Heating. Lighting. Ventilation. Ouantitv Surveying. 
Wood-working M.vchinery. The Machines Used in 
Working Wood : Sawing, 'Turning, Planing, Moulding. 
Cabinei-making and Upholstering. 

Group 15. Natural History 

Botanv. Flowers. Plants. Seeds. Trees, fu rns. Mosses Fungi. 
Zoology. Mammals. Birds. Tishes, Reptiles, insects. 
Lower Forms of Life. 

Bacteriology. 'J he Siorv of Microbes. Bacteriology in 
Relation to Ileal lli and Industry. 

Group 16. Electricity 

Ta ECTRicirv. Its Devdopinenl .lud Countless Applica- 
tions. |•.le^^ncaI l■alginee| mg. 

'1 F LEi.RAPiis and 1 e I. ephon ks. 'ihe Iii'-trumerits and 
How to ( ipei.ili 1 hem. 

WiKLi.Ess I R iNSMissi(.)N. Ihe M.uii Systems and tlu-ir 
Methods ot VNorking, 

Group 17. Music 

(.)i D Noi.aiion and Tonic Solfa. luitioii m All Instni- 
ments ( in hesli ation. 

1‘loci.iioN AND SiNf.iNO. 'The Voice an'l its It'-atment. 
Mush Ai. Insiki mf n rs. Their Design .uid M.inulaclure. 

Group 18. Manufactures 

Textiles. Tht? 'D xfile I'rades Iroin Beginning to I'.nd. 

Cotton. Wool, .Silk. Hemp. Max. jute. C.irprts. 
Leaihfr. The Leather It, lu-lrv. Tanniiig. ILiots and 
Shoes. Saddlery. Belting. (ilo\ es. Sundry Lea ther (in()d^. 
(H.Ass. .Manulacture of All Kinds ol (,l,issi StaimnI (d.i,',, 
Kakihenware. Ihe ( lafl and Indiistiy ol I’otter>, 

I'Api k. P.ipei ina king of All Kinds, 

RuitiiiR. Ihe Source and Piepaialioti of Rubber, and 
Manufacture of Rubber (ioods. 
loBACto. Cultivation and Manufacture. 'Tobacco Pipes, 
Loon Supply. Milling. Hreadmaking'. Bismits and 
(. onfectionei y. Sugar. Coiidiiuenls. l-ruit. I'lsheins. 
Tood Prebervation. 

BhvhkACiFS 'Dm. Coffee. Chocol.ife. Cocoa. Jtrewmg. 

VViins and Cideis. Mineral Waters. 

Baskktmaking. Cork, Wattle. Cane. Barks. Bri’shks. 

Group 19. A.stronorny. Geology. Archieolofify 

Astronomy, 'i he Universe as W e Know It. .Millions of 
Wuihls. A Suivey ot the Solar Systmn. 

Gfol«>gy. 'Ihe Stinctiin* ot the I’.aifli. l^etrology. 

( I vst.ill(»gr.iphv . P.il.eontolog V. 

Arch>f-oi o(-.y. Burierl History. The New Story ot the 
f)ld World as lievealed by the Excavator. 

Group 20, Mechanical Engineering 

Fnginkkking. Applied Merhanics. W'ork-shop Pr.ictice. 

Maehine I ools. M.ichines and Aiipli.inces. Crane.,. 
1>RAWING for Coi)persmilhs, Tinmen, and lioilei makers. 

Group 21. Lanfifua^e.s 

Latin. I'.mh.ish. FKi-.Mir. fJKRM.w. .Spanish. 

Group 22. Dress and Housekoopingr 

Dress. Principles ol Dressmaking. Uiuh i < lot uiig. 

Tailoring. Millinery. Hatti-rs. IHirs and Fi atheis 
llousKKF F PINO. Domestic Management. Ser\ant!> and 
their Duties. Cookery. Laundry. 

Group 23. Metals and Minerals 

Metals. Metallurgy. Properties and Characterislics of 

Metai-s. Iron and .Steel. Copper. Tin. Zmc. Precious Metals. 
Metal Manufactures. Anns .md Anfhiunition. Cutlery. 

Clocks and Watches. Jewi lleiy. Scientific Instruimiils. 
Miner At s. Mineralogy. Propertie.s and Characteristics 
of Minerals. 

Mining. Coal. Gold. Diamonds. Tin. 

Quarrying. The Appliances and Processes of Extracting 
and I'reparing Stone. 

Gas. The Proci^ss of Manufacture. 

Petroleum. l’I.\tr.iction and Refining Piocesses. 

Group 24. Clerkship 

Accountancy. Complete 'fraining. Bookkeeping. 
Shorthand. Pitman’s System, with Latest Improvements. 
Typewriting. Working and Management of All Machines. 
Group 25. Mathematics 

Arithmetic. Algebra. Simple Graphs. Euciui. 'rrigouomeirv* 
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iQROUP ^SUCCESS ' THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 11 


The Pursuit of Knowledge for its own Sake. 

How Nothing Is ever Learned In Vain. 

THE SUCCESSFUL STUDENT 


W HEN interviewed about the perform- 
ance of one of his translations of Euri- 
pides, Dr. Gilbert Murray said that Greek 
plays do not appeal to the ma n-i n-the-street , 
but are liked by working men. What 
Murray meant is. that a thouglitful work- 
ing man is more receptive of austere 
poetry than the average man of the well- 
to-do classes, and that such a fact is 
noticeable in a modern theatrical audience. 
That there is the man-in-the-street element 
in the working class, as in other classes, 
he would certainly not deny. Happily, 
it is singularly absent in the leaders 
of working-class opinion. Times have 
changed since Cobtett rose in the 
House of Commons to oppose a grant to 
the British Museum in the following terms : 

Whon was the British Museum of the slightest 
uso to tho country at large ? Last year there 
was £1000 paid for a collection of insects. What 
uso could that collection bo to tho weavers of 
Lancashire, or to farmers and trade.smen in a 
distant part of the country ? The })laiii fact 
was that tho British Museum was of no use at 
all. It was a place to which curious people went 
to entertain themselves by gratifying their 
curiosity, and in which tho rich were accustomed 
to lounge away their time at the expense of 
their poorer countrymen. For his own part he 
didn’t know where the British Museum was 
(much laughter), and was not acquainted with 
its contents. Ho thought the sum of £16,000 
granted by the Committee wa8£l6,0(X) thrown 
away for tho gratification of a set of loungers, 
who had first taken care to get enough out of the 
taxes to enable them to loungo away tho Test 
of their lives in complete idleness. 

We hear nothing like this today, when 
labour leaders arc discussing advanced 
education. It is the extreme men 
who claim universal education up to a 
university standard, and the more mode- 
rate spirits who plead the practical side 
of things. None the less, even though 
we no longer hear jil^s at the love of 
knowledge from the leaders of public 
opinion, no matter what section of society 
we belong to, there is a certain elemental 
part in most of us that answers to the 
matter-of-fact man - in - the - street, and 
rebels against the claims of learning. 

The world and its successes seem at 
those moments to be far removed from 


the Museum and the Library. We refuse 
to bow to the point of view represented 
by Pascal that it is thought that matters, 
not action ; that the greatest things of 
the world have been done when men were 
content to sit still in their studies. Is 
this really true, or, as the man-in-the- 
street in us would whisper, is the pursuit 
of knowledge for its own sake a useless, 
if harmless, fad ? 

In regard to physical science the case 
is clear, and the man-in-the-street would 
soon surrender. It is obvious that the 
material progress of the world is due to 
scientific discovery, which must have 
involved laborious and ungrudging theo- 
retical work. What is not so obvious is 
that this work has been often, perhaps 
generally, undertaken without expecta- 
tion of material reward ; and, further, that 
the work would not have been fruitful if 
such expectation had been dominant. 
Faraday gave up the chance of making 
a large fortune on business lines in order 
that he might have time and freedom to 
work out quietly his great theories. He 
remained a poor man all his life, but he 
invented the dynamo. It Wcis as a 
theorist that Clerk-Maxwell, first at King^s 
College, London, and then at Cambridge, 
worked out that electromagnetic idea of 
light on which Marconi and other practical 
men have founded wireless telegraphy. 
The theory of evolution, which has had 
so profound an influence on every aspect 
of modern life, was due to Darwin's 
patient searching after truth. 

“ On my return home," he wrote in* 
the “ Origin of Species," “ it occurred 
to me, in 1837, that something might 
perhaps be done by patiently accumulat- 
ing and reflecting on all sorts o|| facts 
which could possibly have any bearing 
on the origin of species. After five years' 
work I allowed myself to speculate on 
the subject and drew up some short 
notes." The date significant when we 
remember that Darwin’s famous paper 
before the Linnsean Society, in whicn the 
theory wa» brought out, was not till 1858, 
and that the "Origin of Species" was^ 
only published in 1859. 
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It has been said that it is the absence 
of this disinterested theoretical spirit 
which is the reason why America, with all 
its keen attention to science, has not 
made discoveries that are fundamental 
in the same way as England, or France, 
or (iermany. American scientists have 
an eye to immediate profit, to turning 
their science to some account ; and 
the result is that their work is mainly 
secondary and subsidiary, however bril- 
liantly practical it may be. 

It is certainly less obvious that, on 
the side of what are called the Human- 
ites. Literature, and History, Philology 
and Philosophy, the great practical move- 
ments of the world, are due to men sitting 
still in their studies. Yet what more vital 
movements, with their effect still dominant 
in our lives today, than the Reformation 
and the French Revolution ? And what 
could be more abstract and unpractical 
than the beginnings of lioth these move- 
ments ? The French Revolution was 
due. more than to anyone thing, to the 
writing of Jean Jacques Rousseau, and it 
was from his theoretic work that there 
came the blood and lire and joy that 
transformed the face of Juiroj)e. The 
Reformation, too, was merely one side 
of the Renaissance, and Robert Browning, 
with his dramatic insight, has shown in 
his “ Grammarian’s Funeral,” how start- 
lingly unpractical that revival was. 

A man has died whom young Italy, 
and the young world which has ilocked 
to Italy, loves to honour, and the stu- 
dents hymn him as they bear him to 
the top of the hill, which is the lit place for 
the grave of such a man. 

This Is our master, famous, calm, and dead. 
Borne on our should cr.s. 

And the man who is their hero is no 
warrior or statesman. He is not even 
painter, or poet, or sculptor, or musician, 
to whom the man-in-the-street would, 
grudgingly enough, allow some place! 
He is the humblest, the driest, the least 
obvious of all the kinds of men who sit 
in their studies ; a grammarian, who has 
done himself to death studying (ircek 
particles. It was work like that which 
had lit up his life with splendour, so that 
to his pupils 

He was a man bom with thy face and throat. 
Lyric Apollo, 

Browning puts a challenge to us in its 
extreme form. “ That is the type of man,** 
im 


he stoutly asserts “ who is the pioneer of 
civilisation.” 

Take, again, a more modern instance-— 
the rise of Japan, which has startled us so 
during the last few decades. The first sign 
of it, and the leading cause of it, was the 
enthusiasm for knowledge which possessed 
the younger generation of Japanese in the 
middle ol last century. It was the ” Dutcli 
Scholars,” as they were called, who were 
the pioneers in the opening up of Japan t(^ 
a knowledge of the outer world. In the 
memorial which the Conservative Party 
presented to the Government in 185 they 
are expressly mentioned as the force that 
made for innovation. And those Dutch 
Scholars were the men who, often at the 
danger of their own lives, and by infinitely 
laborious drudgery, fought their way to 
Western knowledge as it came to them, 
secretly and in a practically unknown 
tongue, through the Dutch trading station 
at Deshima. 

What is important to remember is tha< 
many of tlu' things best worth doing (l<> 
not show their value while they are being 
done. In the division of labour system in 
industry, different parts of a machine are 
mad(' by different sots of workmen. 
Jwen a ])in is never made from start to 
finish by one man. It is true that a just 
criticism on the unintelligent way in which 
this is often managed is that a workman 
is never taught to sec the meaning of hi> 
particular piece of work, and how tlu' 
lifeless little part he is making fits in to 
a vital and coherent whole. 

A great deal might be done in industry 
to enable the workman to feel that he is a 
co-partner in the fulfilment of a great 
purpose. But the intellectual worker will 
naturally move with his eyes open, and 
run no such risk. However meaningless 
his task may seem for the moment, he will 
be conscious that he is creating knowledge 
which may be vital for some higher 
synthesis. This synthesis may be for him. 
or may be for another, and the excitement 
of intellectual work lar^ly lies in the 
uncertainty. What is cermin is that good 
bricks have to be made. The maker cannot 
tell whether he will be the man to see the 
place where they fit into the building. 
It is a hard lesson to learn, even for 
advanced scholars who ought to know 
better, that no discovery should be 
unrecorded merely because the discoverer 
does not see its importance. Ancient 
marble inscriptions, for instance, have 



QROUP 1— 8UCOC88 


been for generations recorded by archaeo- 
logists, even though they consist of a single 
word or a fragment of a word. 

It has been long recognised that another 
fragment of the same inscription might 
be found into which any bit might fit, 
or that, even if this did not happen, a 
similar but more perfect discovery else- 
where might give the fragment some quite 
unexpected significance. The travels of 
the Roman Emperor Hadrian through the 
provinces of his empire have thus been 
ingeniously pieced together by a number 
of inscriptions, in themselves often frag- 
mentary and insignificant, that seem to 
have ])een set up to mark his progress. 

Oddly enough, however, scholars who 
would have thought it sacrilege not to 
publish in full a marble inscription, felt 
till lately no such qualms about an 
inscription on a terra-cotta vase. The 
English excavators of the old Greek 
trading station of Naukratis, in the Delta 
of Egypt, found masses of vase inscrip- 
tions that only consisted of a few letters 
each. At the time, little attention had 
Ix^en given to those vase inscriptions, and 
the excavators, from sheer want of imagina- 
tion, regarded them, in their own words, as 
“ unintelligible,” and thought they could 
“ hardly be used for any scientific purpose.” 

Nemesis came in the shape of a well- 
worked-out and interesting German theory, 
that many of these vase inscriptions were 
of a mercantile character, representing 
pri\'atc trade-marks or memoranda of sale 
or purchase. The Naukratis collection, 
which was unusually large, would have 
been a god-send for the testing of such .a 
theory, if it had been published in *fuil 
detail. As it w«^s, it was iisele.ss. Such 
amateurishness would not have been 
possible if vases had not themselves been 
regarded at that time as unimportant unless 
ornamented with beautiful designs. 

The excavators of Abae, in Phocis — again, 
alas ! English — opened a number of ancient 
tombs rich in vases and figurines, but 
could find nothing to say about them, 
except that they were “ full of objects 
of little archaeological value ” ! This 
pathetic and humilitating piece of self- 
condemnation can be found in a learned 
journal of less than twenty years ago. 

It requires faith to carry out this 
principle consistently. When the present 
writer and Professor Ure were publishing 
the contents pf the. graves they had dis- 
covered at Rliits6na, in Boeotia, they were 


criticised for their rigorous insistence on 
cleaning and repairing and exhibiting 
plain and common vases. It took time 
and money ; and what could they prove ? 
For the moment it was indeed difficult to 
sec, and it was on principle that the ex- 
cavators held to their point, and not from 
any expectation that they would be as 
dramatically justified as, in fact, they were. 
For what tlie event proved was that 
simple black drinking-cups, wliich at first 
sight looked exactly the same, showed, 
when carefully studied, a gradual develop- 
ment of shape. The conventional iloral 
design on the round little oil-flasks — with 
the narrow hole at the top, and the broad, 
ilat rim that prevents the oil from coming 
out too quickly — arc seen to show very 
similar variations. 

If, indeed, there had been only a few 
of these vases discovered, no sound con- 
clusions could have been drawn from 
them. But when there were hundreds of 
them, and the environment in which each 
type w^is buried was accurately recorded, 
they became an important, and indeed a 
decisive, factor in fixing the dates of the 
graves. It could be no accident that in one 
set of graves hundreds of these vases were 
found in which the four petals of the 
design were connected at the bottom b}" 
an ornament that looks something like a 
Highlander’s kilt ; and that in another set 
the kilt was replaced by a fifth petal. 
When a third set was discovered in which 
this curious little change of fashion was 
in the making, and the two sets balanced, 
and when this result could be checked by 
a parallel change in the shape of black 
cups, a good deal had been done to fix the 
chronology of some fifty years. 

We might take our illustrations, again, 
from Philology, the study of language. 
Dictionaries from one language into 
another our man-in-thc-street might admit 
the use of ; but what of dictionaries of 
our ow^n language, or, what surely must 
be most barren of all, ‘‘ concordances ” of 
all the uses of particular words in a given 
author ? Yet even the concordance pro- 
duces results of general interest. Then, 
though the New Testament is less than 
one third as long as the Old, the words 
“love” and “free,” in their various 
forms, ocour more frequently in the New ; 
whereas “ anger,” “ hate,” and “ wrath ” 
occur six times more often in the Old. It 
is interesting, again, to find in Wordsworth 
an absence of words that have low and 
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mean associations. *' Good, ** happy, ** 
“ joy, “ hope, “ love, occur over 2000 
times; “ugly,” “bad,” “evil,” “miser- 
able,” “wretched,” “anger,” “hate,” 
“envy,” “suspicion,*' mount altogether 
to a total of about 250. 

These results, indeed, only serve to 
bear out our general impressions. It is 
more illuminating to find that in Words- 
worth and the Romanticist school as a 
whole there is hardly any use of the word 
“ people.” Shelley, Burns, and Words- 
worth were apostles of freedom, but it was 
the individual they thought of, not the 
nation. “ People ” is commonest of all 
in the Old Testament, with its conception 
of Theocracy, the Divine government of 
the chosen nation. Half of Shakespeare’s 
uses of the word are in his Roman plays, 
where we are dealing witli ancjther civilisa- 
tion which considers the nation as more 
important than the individual. The word 
occurs twice as often in “ Coriolanus ” 
alone as in all the ten Englisli historical 
plays put together. The idea of the people 
docs not bulk large in English literature- - 
or, if we are to draw our inference, in 
English life—till the second half of the 
nineteenth century, when Tennyson’s fre- 
quent use of the word heralds the rise of 
the Socialistic spirit. 

Another study that is supposed to be 
reserved for Dryasdusts is the comparison 
of the various manuscri})ts and editions of 
an author, sometimes called the science of 
textual criticism. This naturally finds 
most play in the case of ancient authors, 
where the manuscripts have come down 
to us in a corrupt state, or contradict each 
other. Few tasks involve more drudgery 
•and minute care, and the results are not 
often so sensational as in the case of 
Homer, where they throw light on that 
most fascinating of problems, the author- 
ship of the first work of European litera- 
ture ; or, as theologians find them in the 
Greek Testament, where they are the 
weapon for defence or attack of more than 
one Christian doctrine. Yet they always 
train taste and judgment, which can be 
applied to other and more modern 
literature. It was left to a great (^reek 
scholar. Dr. Verrall, to expose the 
numerous printers’ errors which disfigure 
Jane Austen’s novels, from the^'rirst edition 
to the last. His emendation of “ derelict ” 
for “ direct,” in Chapter XXIV. of 
“ Maasfield Park,” where William is 
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coming back, long overdue, from his 
voyages, makes sense out of an unintel- 
ligible sentence, which Miss Austen herself 
must have let pass in her proof correcting, 
that “ His direct holidays might with 
justice be instantly given to the sister, 
who had been his best correspondent 
through a period of seven years.” 

It will be stimulating and comforting, 
too. to young people to study the various 
versions of great poems, showing not only 
the fact that the file had to be used, but 
often the way in which the mind moved 
to get the phrasing which to the reader 
appears so inevitable and direct. “ The 
Blessed Darnozel,” f)f Rossetti, if any poem, 
strikes us as an inspiration, thrown off at 
white-heat in a moment of tense fer*ling. 
The two wonderful lines : 

Her eyes were (l(*eper than t}io depth 
Of waters stilled at even 

were surely written as they stand, once 
for all. Yet bn investigation we find that 
there were two previous versions, and tlnit 
the beautiful touch “ at even ” was an 
after-thought, suggested by a very un- 
ha})py “ padding “ use of the i^reposition 
“ cA'en ’’ to rhyme with “ heaven “ in the 
preceding couplet. The lines, as they were 
first publishecl, read : 

Her blue, graven eyes wo’^e deep(^r much 
Than a (ku'p water oven. 

And even when the last line got its ultimate 
form, the first was still imperfect. Thus ; 

Her eyes know more of rest aiul shade 
Than waters stilled at oven. 

It is not, of course, every quest ot 
knowledge that develops taste. I'hat 
depends on the subject matter of the 
knowledge sought. Yet it is true that 
there are qualities that follow in the train 
of all true learning. Not only, as we have 
already seen, is the pursuit of knowledge 
a great calling, to which the world owes 
more than it realises, but the pursuei 
gains for himself on his journeying. 
Method is in its e.sscntiaL^*the same in all 
intellectual occupations, and to have 
learnt method is to possess the surest of 
all tools for life. 

We learn method by very carefully 
observing the way great men before us 
approached problems, faced difficulties, 
balanced evidence. “ Do not imagine,” 
said Harnack to his students, ” that you 



can gather knowledge without mental 
contact with the personalities to whom 
we owe knowledge, and without studying 
the road along which they travelled. No 
scientific knowledge of the higher sort 
consists of mere facts. Every fact has 
been experienced, and in this experience 
has its educational value. Those who 
content themselves with appropriating 
results may be compared with a gardener 
who plants his garden with cut flowers.” 

It is by such observation — by n(d icing 
Darwin, who studied most carefully those 
passages which seemed to contradict his 
theories ; or Stubbs, who confessed that 
he had often spent a fortnight in the 
British Museum to verify one reference ; 
or Fustel de Coulanges, who warns us 
that to verify quotations is (uie tiling 
and to read books quite another, and that 

the two often lead to opposite results 

it is thus that we learn how to handle 
problems ourselves, and, what is quite as 
important, to estimate the value of other 
people’s handling of them. We learn the 
necessity, and the difficulty, of strict 
accuracy, not only for those who, like 
Fronde, have a constitutional inability to 
state a thing exactly, a mental colour- 
blindness, but even for conscientious and 
careful workers like Ruskin, who, when 
copying a short eight-line inscription over 
a tomb in the church of Santa Croce, at 
Florence, managed to mis-spell one word 
and omit two. We not only learn who 
are the authorities to be trusted in our 
own subject, but acquire a sixth sense — a 
“ flair.” as the French say — for an 
authority on any subject. 

To know where knowledge is, is next 
best to possessing it. It is the man who 
has studied some intellectual subject 
deeply who is the useful member of a 
committee when an appointment has to 
be made, and the few testimonials that 
count have to be sifted from the numlx^rs 
that are worthless. It is the man who has 
studied who knows what evidence is, 
and, whether it be in politics or business, 
sees through the superficial and discounts 
clap-trap. And this contempt of clap- 
trap, which is half a moral quality, leads 
on to others that are not merely intel- 
lectual. It is difficult for one who has 
realised the vastness of the field in any 
department of human knowledge to be as 
conceited or as dogmatic as most people 
are ; it is like another thing which contrives 
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to keep men humble — living in direct 
touch with Nature. 

There is, at least, a chance too that 
such a man will be less prejudiced, less 
at the mercy of his own environment. 
“ We forgive whatever we really under- 
stand.” Subjectivity is hard to eliminate, 
and, as Sir Thomas Browne well said, 
morality is not ambulatory. Yet it is a 
supreme gift to realise what is unessential 
in our own prejudices ; to admit, in fact, 
that the unpleasant word is applicable 
to ourselves. No one but a learned man 
could have answered as Liddon did, when 
asked, in its early days, whether he liked 
the Salvation Army. “ No,” he said ; 
“ I do not. But I expect that God does.” 

But does this broadmindedness bring 
with it impotence for action ? Will our 
student become a Mr. Facing-both-ways, 
seeing both sides of the question so 
vividly that he can never give his support 
to either ? Will a wrnking man wlio 
devotes himself to the Workers’ Edu- 
cational Association grow lukewarm in 
his trade union or his political organisa- 
tion ? Can we be students and at the 
same time good reformers, good Church- 
men or Free Churchmen- in short, good 
party men ? 

It is true that at times of crisis the 
man with the academic mind will seldom 
win the loudest cheers from the rnan ih- 
the-street on his own side. He will not 
utter the clap-trap nor use the clever but 
unfair arguments that appear to be so 
telling. But a deeper insight shows that 
even at these moments such things are 
rather stimulants for those who are already 
partisans than effective to convert the 
man who doubts. 

What is the real obstacle to a cause ? 
The stupidity of its supporters. It has 
been said that “ no man writes himself 
down but himself.” No cause, we may add, 
loses but from its own lack of brains. 
And in the long, quiet times, when policy 
is being shaped and new ideas and old 
shibboleths are being weighed in tlic 
balance, ours will be the vivifying 
influence in our Church or party, and we 
shall be the true •practical reformers, if 
we care neither for tradition nor con- 
vention ^hen they conflict with truth, 
and if, in Plato’s words, wheresoever the 
argument takes us, like a breeze, that 
way — and no other way — we go. 

RONALD M. BURROWS 
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Leading Characteristics of Norway and Sweden. The Midnight 
Sun. Sweden Contrasted with Norway. Denmark and Iceland. 

THE SCANDINAVIAN KINGDOMS 


NORWAY 

P ARALi.KL to our shoros, 400 or HIX) miles to 
the cast, lie the Scandinavian kingdoms of 
Norway and Sweden (forming the peninsula of 
Scandinavia), and Denmark, formed of the 
peninsula of Jutland, running north from the 
mainland of Central Europe, and of many 
islands. They almost separate the North Sea 
from the Baltic Sea, which is entered from 
the \vc8t by the Skagerrack, Kattegat, and 
Sound, as already described. Our shores early 
ottered a pri5io to the pirates of these northern 
lands, who also occupied the valley of the Seine 
in France, and, becoming known as Normans, 
conquered our country in lOhb. Our own blood, 
therefore, is largely mixed with Scandinavian. 

Characteristics of Norway. Norway 
(124,000 sq. miles) occupies the western and 
steeper slope of the Scandinavian plabiau, vising 
to over 8,000 ft. Except on the lower slopes, 
it is a treeless moorland, covered with heather, 
lichens, or reindeer moss. The peaks rise above 
the snow-lino, and tlio higher valleys are tilled 
with glaciers. Tiie rivers, which often form 
magnificent waterfalls, descend as swift torrents 
to the sea. The low'cr ends of the valleys have 
been drowned, forming a fringe of rocky islands 
called the Skeny (jluard, the dangerous currents 
between which gave rise to stories of maelstroms 
and whirlpools, and fjords [63, p. 813) like those 
of the Scottish Highlands, but far longer, and 
enclosed between mountain walls thousands of 
feet high. These fjords arc visited by thousands 
of tourists every year. The Sogiie Fjord, over KM) 
miles long, one of the most beautiful, has been 
thus described : “At one moment the boat is 
beneath a liugo cliff that seems to block the 
narrow channel ; at another she is sailing over a 
clear space, out of which open a number of rocky 
side fjords. At one moment the view is limiU'd 
to a few hundred yards of water, bounded on 
every hand by stupendous precipices ; at another 
tlie eye ranges up a beautiful valley, or through 
some depression in the fjord wall catches distant 
sunlit poops of glacier or of mountain outlines.” 

Many waterfalls leap over the fjord walls, 
adding to the lx)auty of the scene. High up on 
the cliffs are seen little farms, whore it is said 
both animals and children have to be tethered. 

Crimate. Norway extends from the lati- 
tude of 58^ North to just within the Arctic Circle 
giving a considerable difference of temperature 
l^tween the noith and south. Its western 
shores are washed by the Atlantic, and its pre- 
vailmg winds, like our own, are south-westerly. 
As m our own land, these make the«srinter much 
milder than it would otherwise be. Norway is a 
country of considerable elevation, and the high 


altitude tends to lower the temperature; but 
the waters of the surrounding seas and the 
winds blowing over them are warmed by the 
surface drift from the Gulf Stream, and its porta 
are ilioreforo ice-free in winter. The climate 
of the south resembles that of Northern 
Scotland, with mild winters and cool summers, 
hut in the high interior, and as wo go north, 
the winter becomes very severe, and the land 
is buried in snow for many weeks. These, 
however, are almost uninhabited regions, and on 
the coast, where most of the people live, the 
winter is less severe than in many more 
southern parts of Europe. The summer is 
nowhere hot. Rain, as wc should expect, is 
abundant, especially in winter, when the 
Atlantic winds have their greatest force. 

Land of the Midnight Sun. In our 
own country we know how lato the sun rises 
in winter, and how early it sets. In Norway, 
which lies almost wholly north of our islands, 
this is much more marked. The winter days are 
everywhere short, and as wo go north they are 
reduced to little more than an hour or two of 
twilight. The compensation comes in summer, 
wlion each day the sun rises higher and remains 
longer above the horizon. Night becomes 
merely a short twilight, and in the far north 
the splendid st^ectaclo of the midnight sun is 
seen. A traveller writes : “ After leaving 

Hammcrf(‘st., we were all on deck to witness 
sunset and sunrise, if thus it can be t-ermed. It 
was about 11 p.m. The effect of the sunliglii 
on the headlands was wonderfully beautiful, for 
n,s the sun sank lower their tints kept changing, 
till at last they seemed to bo bathed in a vermilion 
hue. It was noAv midnight. In a few minutes 
wc noticed the sun gradually rising higher and 
liigller, and now the colours were of a totally 
d' lleront hue. Day had succeeded night almost im - 
perceptibly.” With almost continuous sunlight, 
vegetation comes on as if by magic, and sowing 
and reaping succeed each other in a few weeks. 

A Nation of Seamen. In the high* 
interior the forests of the lower slopes make the 
cutting of timber and the gathering of turpen- 
tine important. Above the tree-line are moun- 
tain pastures, to which the cattle are driven 
in summer. Only the coast is thickly peopled. 
As in the West Highlands of ^otland, farming 
is eked out by fishing, which is extremely im- 
portant. The Norwegians twe a nation of 
seamen. The forest timber has always madt^ 
the building of boats an easy matter, and tlie 
fjords are natural roads from the desolate interior 
to the sea, with its teeming waters and rich 
lands beyond. Anciently pirates, the Norwegian.s 
now do an immense carrying trade in all parts 
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of the world. One of the great fishing centres 
is the Lofoden Islands, in the north, where mil- 
lions of codfish are caught and dried annually ; 
then the reeking livers are stewed in huge 
boilers for cod-liver oil. The season begins in 
January, and lasts till April. For the next two 
months the fish arc left to dry in the summer sun, 
and the fishing fleet returns for the spoil in June. 
The whale and seal fisheries are also important. 
In a word, it is to the sea, not to the land, that 
the Norwegian 
looks for a 
living. Of the 
land three- 
fourths is un- 
productive, over 
on(;-fifth forest, 
arid less than 
one - thirty ■ third 
cultivated. 

Towns of 
Norway. Tn 
such a country 
the towns are, 
of course, all on 
th(' coast. In the 
south, on Chris- 
tiania Fjord, 
is (Christiania, 
the ca])ital, at 
the end of an 
ocean avenue 
fringed with 
pines and walled 
witli mountains, 
farther east, the 
(dommen, the 
longest river of 
Norway, flows 
to the Skager- 
rnek. Look out on 
the map Dram- 
men, Stavanger, 

Hergen, Chris - 
tiansand, the old 
city of Trond- 
hjem, Narvik, 
formerly Vic- 
toria Haven, the 
terminus of a 
lino across the 
mountains from 
(jI 0 1 ! i V a r a in 
Sweden, Hammerfest, and Vardd, all fishing 
ports, finely situated on fjords. 

SWEDEN 

Sweden (nearly 173,(X)0sq. miles) is the gentle 
eastern slope of the Scandinavian plateau. Tn 
the north the province of Norrland occupies 
half of the country. It is “ a land of very 
short summers and very long winters, of high 
mountains, and great rivers which run in almost 
parallel lines to the sea, forming navigable 
waterways to the coast 200 and 300 miles 
long, 'a land of great primeval forests and 
swampy wildernesses, of vast timber and 
mining industries.” Svealand, the midland 
province, is “ the region of great lakes and smiling 


pasture lands, of well-tilled fields and well-to-do 
peasant homesteads, of prosperous towns and 
flourishing industrial enterprises.” Gotland, in 
the south, is the richest part of Sweden. “ The 
ports along its seaboard are only rivalled 
by the capital, which dominates the midlands. 
Rich agricultural lands and teeming factories 
are the principal sources of Sweden’s agricultural 
and industrial wealth.” 

Contrasted with Norway. Here, evi- 
dently, is a land 
very different 
from that on the 
opposite slope of 
the mountains, in 
which a richer 
and more varied 
life is possible. 
Unlike the Nor- 
WT.giap, the Swede 
may hope to win 
a living from the 
land, w'ith its 
triple gifts of 
corn lands, forest, 
and minerals. The 
highlands of Nor- 
way intercept the 
mild, rainy winds 
from the Atlantic, 
just as the \vest- 
ern highlands do 
in Britain. There 
is the same con- 
trast between the 
w^et, mild, west 
Norw'ay and the 
more oxtr(‘meand 
drier east Sweden . 
In winter the 
Sw'cdish ports are 
clost'd by ice, and 
a difficult line has 
been carried 
across the moun- 
tains to reach 
Narvik, the ice- 
free port for the 
northern iron 
mines in winter. 

As in Norway, 
the summers are 
short, and almost 
continuously light, while the winters are long and 
dark. They are, however, more severe than in 
Norway. The duration of winter varies consider- 
ably. In Norrland ice and snow last about 2(W 
days, against 150 in Central Sweden and 115 in 
the south. In the south the ice on river and lake 
breaks up in April, but further north not till May 
or June, according to latitude and elevation. 

Resources of Sweden. These are 
threefold. Jin the flat south, wheat, barley, 
rye, and oats are grown, and much beetroot for 
the numerous sugar factories. Tn the undu- 
lating midlands innumerable farms are found in 
the forest clearings, the cattle being driven 
in summer up to the higher, richer pastures. 
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In the north neither the mountainous country 
nor the climate suits agriculture, though a little 
is carried on as far north as the Arctic Circle. 
This is the forest district, which supplies Sweden 
with her loading export— timber in various 
forms. Much is sawn in the forest, in mills 
turned by the innumerable streams. It may 
then be converted — by water-power, of course — 
into door or window frames, while the shorter 
lengths arc made into matches, or wood-pulp, 
out of which much paper is now manufactured. 
In all those forms the forest helps to enric^h 
Sweden. Mining is also extremely important ; 
Swedish iron in particular, which is most 
abundant round (lellivara in J.<apland and 
Dannemora in the e(*ntrc, is of excellent quality 
and in great demand. Copper is mined at Falun, 
ind there are other useful metals. Coal is scarce. 

How the People Live. Outside the. 
towns the Swede is a farmer, a forest worker, or 
a miner. In the towns he is a clever, industrious 
artisan, whose industries are rapidly growing. 
In the remoter districts, whore communication 
between farm and to\nTi is difficult, the farmer 
must be farrier, blacksmith, wheelwright, etc., 
while his womenfolk spin and weave, and are 
the tailors of the family. In tlu* mountain dales 
the picturesque old dr(‘ss(\s arc still worn, 
a-nd life is lived very simply and frugally. The 
towns are attracting people from the country 
districts, and there arc signs that Sweden is 
slowly changing to an industrial country. For 
sucli a career she has many advantages. A 
notable one is tlu^ “xecdlent water communica- 
tion. The great lakes arc like inland seas. 
Wencr Lake covers over 2,000 square miles. 
Lake Wetter is nearly 750 square miles, and 
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Lake Malar 500 square miles. Many canals 
have been cut to unite thi^sc and smaller lakes. 
The most important is the Gota Canal, from 
Gdteborg (Gothenburg), the chief port, to Stock- 
holm, the capital, by way of Lakes Wener 
and Malar. As in Norway, most of the towns 
are on the coast. Goteborg, Helsingborg, 
l^ndskrona, Malmo, Karlskrona (the naval 
station), Norrkbping, and Stockholm (the capital) 
may be looked out on the map. Of i^and towns 
the most important are the universities of Lund 
and Upsala. Stockholm, built on islands con- 
nected bv. many bridges, is often called the 
Venice of Ihe North. With its lakes and pine- 
woods, ifij^hills crowned by palaces and churches, 
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and its many fine buildings, it is one of the most 
picturesque capitals in Europe. 

DENMARK 

Denmark consists of the peninsula of Jutland 
on the mainland, the largo islands of Fyen 
(Fiincn) and Sealand, and many smaller ones. 
Ix)ok out these and the channels between on a 
map. Including the Faroe Islands and Iceland, 
its area is about 15,000 square miles. Neither 
mainland nor islands have hills over 600 ft. high. 
'Fho scenery owes its charm to the contrast 
between the cultivated shores and the winding 
straits. Jutland has low, sandy shores with 
many lagoons on the west coast, and a somewhat 
higher shore, witli better harbours; on the east. 
Aft-cr the primeval beech-forests disappeared, 
it passed into boggy, treeless moorland, almost 
impossible to cultivate. Within the last century 
much has been converted into excellent meadow 
or agricultural land by draining, and by planting 
trees on th(i western or windward side. Hoads 
and rfiilways now penetrate prosperous districts 
which, in the lifetime of their inhabitants, were 
inaccessible and houseless moorlands. Four- 
fifths of the country is now productive. 

Denmark is in the latitude of Southern Scot- 
land, and IhTS a similar climate, with rather 
cold(‘r winters and warmer summers. There is 
sufficient rain to keep the meadows green. The 
Baltic is frozen in winter, and the Sound and 
other channels occasionally blocked with ice. 

Danish Industry. The Dane is a model 
farmer and dairyman. By promoting education 
and using the best scientific methods, ho has 
transformed a poor country into a prosperous 
one. Danish dairy produce, butter, bacon, and 
eggs, are famous for their excellent quality. 
Many dairy farmers work on the eo-operativc 
principle, which gives uniformity of quality at 
minimum cost. One large co-operative dairy 
handles the milk of over 6,000 rows daily. Tlu* 
chief agricultural crops are barley, rye, and sugar 
beet, with which are connected the industries of 
distilling and sugar-making. Denmark is a land 
of seas and islands, and most towns are naturall y 
on the coast. To communicate between island and 
island, the trains are run on to ferry steamers. 
Look out on the mapEsbjerg on the west coast of 
Jutland, Aarhuus and Fredericia on the east, 
Nyborg on Fyen, Gjedser in the south of Falster, 
and Elsinore, or Helsingor, and Copenhagen 
on the Sound. (.bpenhagen (Kjobenhavn, 
meaning Merchants* Haven), the capital, is 
admirably situated for trade, at the entrance 
to the Baltic. Seen from the sea, its harbours 
crowded with shipping, and its spires outlined 
against the sky, it is extremelypicturesque. 

The Faroes, or Sheep lilands. Few of 
these ore inhabited. Fishing and the keeping of 
sheep and ponies are the chief occupations. 

Iceland. Iceland is a land of mountains, snow 
fields, volcanoes, geysers, long, hard winters, and 
short, light summers. Sheep and ponies are 
fed, and the men go to the Arctic fisheries. 
The fine scenery, including the active volcano 
of Hekla, attracts tourists in summer. The 
capital is Reykjavik, in the south-west, 

A. J. AND F. D. HERBERTSON 
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The Master Sculptors of Florence— Ghibertii 
Donatello, Luca della Robbia, and Michelangelo. 

ART IN THE RENAISSANCE PERIOD 


'T'he history of the early Renais- 
^ sance is inseparably connected 
with the history of Florentine art. It 
is, indeed, difficult to follow the evolution 
of the revival in the three sister arts 
separately, bocause the giant minds of that 
period did not restrict their colossal 
activity to a single sphere, and mastered 
the terms of many arts. We have already 
seen how Giotto achieved greatness in 
painting, scnlptltfe, and architecture. 

Others there were in the fifteenth and 
sixteenth centuries who were goldsmiths 
and sculptors and painters ; there was no 
art that Miche langelo did not master, and 
T.eonardo da Wrnd'cdmbined the functions 
of military engineer, musician, poet, 
writer of scientific treatises, and stage 
manager of glorious spectacles with those 
of painter, sculptor, and architect. There 
was a constant interchange of ideas, and 
; each art left its mark on the sister arts ; 
each step forward in the one was reflected 
by the others. 

In architecture, the ideal form of the 
private dwelling was the greatest achieve- 
ment of the Renaissance, and of h'ilippo 
Brimelle.schi (1377 b) 1466), its creator. 
THe'rlbthTc house was a kind of miniature 
fortress, witli a narrow, high street-front, 
cLs few apertures as po.ssible, and narrow, 
irregular passages, rooms, and winding 
stairs. With the growing wealth and 
luxury of Florence, and increased security 
of life, a new type of building had to be 
evolved, a palace that should express the 
new conditions, the wealth and power 
and taste of the merchant princes who 
ruled the city. Spaciousness, comfort, 
vir and light were the primary considera- 
tions which led to the adoption of a wide 
street-front, a spacious ground plan 
with only a few storeys and suites of large, 
well-lighted rooms. The beauty of tlie 
facade is based on noble proportions, on 
the relation of the massive “ rustica '' 
m^onry — composed of rough-hewn blocks 
finished off only at the joints— to the 
window openings, which are generally 
divided by columns or mullions, and the 
classic cornice or attic: 


The most striking feature of the 
Florentine palace is the handsome 
inner court surrounded by slender col- 
onnades, which are sometimes arranged 
in two tiers. The charm of the faqiade lies 
in the play of light and shade of the strong 
southern sun on the roughly hewn 
masonry, the arches and pilasters of the 
windows, and the boldly jutting cornice. 
Brunelleschi’s Pitti Pakce, Michelozzo’s 
Riccai:di PalacK aind^' the wonderfully 
impressive Pala zzo S t ^ r the plan of 
which is, witir liftle show of reason, 
attributed to the sculptor Benedetto da 
Majano, are the noblest instances of the 
Renaissance palace, not only in Florence, 
but in the whole world. In Venice, the 
P^zzp^yendramin, graceful in form and 
re^I^ndent in coloured marble casing, 
shows the adaptation of Venetian decora- 
tive devices to the style born in Florence ; 
while, if we turn from secular to ecclesi- 
astic architecture, in the fapade of the 
IJgyia, ticgun in 1473 by 
Ambrogio Borgo’gnone, with its wealth 
of marble incrustation, reliefs, niches, 
statues and medallions, the dignity of 
the style lias given way to playful 
exuberance of ornamentation. 

The great Cathedral of Florence, which 
had undergone "many ’^hiodifTc^ in 
the two centuries of its building, received 
its imposing cupola by Brunelleschi, who 
thus solved a problem which had baulked 
the effort.s of all his predecessors ; but in 
spite of this dome it remains in its e.ssen- 
tial features a (iothic building. The 
chun hes of S. LoieuzP and S. Spirito, and 
the Krai.eful’ TazziT^apfil . are tne inree 
most importaiu Renaissance churches 
built by this nuister. Alberti, the designer 
of the fapadc of S. Maria >f ( ^yellfi in 
Florence, and the inventor ofThe volutes 
masking on the exterior the junction of 
the nave and the lower aisles, went further 
than Brunelleschi in his adherence to the 
cla.ssic orders ; he* lacked the other 
master’s inventive genius and sense of 
elegant pro|3ortions, and endeavoured to 
make all architectural forms fit in 
with his favourite theories. 
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81* QSOBQB) BY DONATELLO 
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GROUP 3- ART 


In the sixtcjcnth century the powerful and 
liberal fuitronage of the popes attracted the 
leading artists of the whole of Italy, and made 
Koine the centre of artistic activity. Here, on 
classic soil, architects were enabled to study 
the ruins of antiquity and to formulate their 
knowledge into a scientific system. True enough, 
the classic forms continued to be a mere outer 
garment which clothed the buildings that were 
adapted to modern requirements, but they were 
applied with better understanding of their 
functions, with increased sureness and purity. 
In the palaces the storeys were clearly divided 
by cornices, the windows framed by pilasters 
and surmounted by triangular or curved pedi- 
ments of purely classic proportion. As regards 
th(^ use of the “ orders,” th(‘ su])erimpo8ed 
storeys led the eye from the h(‘avier Doric, 
through the Ionic, to the 
graceful C'orinthian. 1 n 

church architecture ilie 

mighty dome, in conjunc- 
tion with a barrel- vaulted 
nave, beeame tlu^ firmly 
established type of the later 
Renaissance. 

Masters of the Re« 
naissance. Bi;amante, 
who has left rnucrflof hia^ 
early work in and around 
Milan, playi'd in Rome the 
same part that Brunelleschi 
had played in Morence. He 
is the initiator of the second 
period, the first of the many 
builder’s v/ho help(‘d in the 
erection of St Peter's, and 
the archit(*ct of the beauti- 
ful (,'an£ellerm and ( h piiid 
Palaces. TKe great Rajdi- 
jwTs chief building is the 
P a I a zzo Pftndollin i. in 
PlJTfence, Tvhere the alternating triangular and 
semicircular pedinuMits ov<‘i’ the window's are 
introduced for the first tiim-. Antonio da 
Sa qga lio. the builder of the Farnese Palace in 
Koine ; Baldassare Perouj^jj, the scene of whose 
captivity was {Siena; QilUio.. „ Rjpliiojio, who 
worked in Mantua ; {Sansovino, the^^esigner 
of th(‘ library of S. MafcolMid of the Zocea, or 
Mint, in Venice, are among the leading masters 
of the late Renaissance which culminated in 
the w'ork of Miclielarigelo. In his striving for a 
grand general effect, without much concern w'ith 
di'tail, he introduced t)u* germ of the lawless- 
ness which set in after his death and led to the 
forms of the Baroque st yle. The 
gigantic cupola of St. Peter siuRom^ and the 
Sicdiei Chapel in Florence, are his most famous 
architectural works. 

• 

Sculpture. In sculpture, as in architec- 
tui-e, Florence was the centre of the early 
Renaissance, but chronologically a Sienese 
master, Jac opo della Quercia , stands between 
the Gothic Tjrcagna arid ihe nrst great sculptor 
of the new eooim. Ghiljerti. Though in many 
ways still addicted^^o Gothic mannerisms, 
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Jacopo is, in his boldness of vision and vigorous 
treatment of the human form, a true child of tlu? 
Renaissance, and stands nearer to Michelangelo 
than any of the intervening Florentines. Ghi- 
berti’s greatest work is the gates of the Baptistery 
in Florence, of which Michelangelo said that 
they were worthy to bo the gates of Paradise. 
In comparing them with Andrea Pisano’s, one 
is immediately struck by the inimi table sense of 
beauty that pervades the later artist’s work ; 
the exquisite finish which betrays the gold- 
smith’s training ; the wonderful grouping of 
the figures in receding planes, and the corre- 
sponding variations in the relief treatment, from 
the foreground figures, which stand forth in 
their full roundness, to those in the far back- 
ground, which are indicated by scarcely more 
than a few lines. In fact, Ghiberti was the first 
sculptor who made use of 
lin(‘ar perspective in relief 
w ork, and we may say that 
his work is almost pictorial 
in character. 

Donatello is acknowledged 
tits*"' greatest, as he 
was the most produetivi*, 
sculptor of the Renaissance. 
He lacked, perhaps, the pure 
sense of beauty of Ghiberti, 
but there is in his work 
something greater than 
formal beauty — the beauty 
of character, which renders 
the very harshness fascinat- 
ing. Kverything he wTouglit, 
in inarbhj or in bronze, is 
full of expression and lib’. 
eha.ra(?t(*r and movemiait. 
Happily, too, his manifest 
k^aning towards- extreme 
realism was tempered l)y 
his knowledge and lovi' 
of the antique. He worked from th(j living model, 
but had b(*fon^ his mind's eye the masterpieces 
of ela.ssic art. This is especially apparent in 
lii« bronze “ David ” at the BargeUo, in Floreiici', 
the lirst nude bronze of modem tim(5S. TIktc 
is nothing less than classic beauty in the graceful, 
well-balanced attitude and the well-shaped 
legs, whilst the thin, angular arms arc copied 
from the living model. And yet the figure is 
<iuitc homogeneous ; it lias the thrill of life, and 
in its very deviations from the classic idi^al 
convoys the idea of the immature shepherd 
youth and giant-killer. And Donatello ap 
proached every sueeessive task in the same 
objective spirit, dealt with each on its own 
merits, infused pulsing, thrdbbing life into cold 
stone or bronze. His ‘‘Gattamelata,” in Padua, 
is the first eqifbstrian statue since classic tiim f'. 
and has never been surpassed in impressiviau ss 
and dignity, with the single exception of Verr- 
occhio’s “ Colleoni ” in Venice. 

The third great master sculptor of the early 
Renaissance was Luoadey^^gbJ^ th(5 found* «* 
of a w'hole d)rnaiify"oiwSrKenr^^ terra 
cotta, and at the same time one of the leading 
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Hculptors in niarblo. Of all tho early Renaissance 
sculptors, Luca was the ouc that came neart^st to 
the Greek spirit of calm serenity, though in 
subject matter he was further from the antique 
than any of his contemporaries. Motherly love 
and tenderness and happiness were his favourite 
themes, and have perhaps never found more 
beautiful expression in 
plastic art. Of his marble 
works the most famous is 
the singing gallery, in 
Florence. 

Donatello was followed 
by a whole school of great 
marble-workers who de- 
voted themselves chiefly to 
tomb monuments and por- 
traiture. The tomb of the 
period was generally con- 
ceived in the form of a 
recumbent figure of the 
dead on a sarcophagus in 
a niche, tho • architectural 
setting being in perfect har- 
mony with the purely sculp- 
tured part, and richly 
decorated. Desiderio da 
Settignano, 

llo'ssellfnb, Behedottp di. 
m fano,*^ anT Pollajiu^ 
ifRisf*Ho mentioned among 
the leading masters of the 
fifteenth century. Verroc- 
chip , who excelled in’bi^hlKU 
WOTK, and is tho creator 
of the world’s greatest 
equestrian statue — the Col- 
leoni monument in Venice 
— has left comparatively 
few works, but exercised 
an enormous influence as a 
teacher. Ix^pnardo da Vinci 
u as one ol bis pupils, and 
the first suggestion of the 
enigmatic typo of face, 
which is always associated 
with Leonardo’s work, can 
bo found in Verrocchio’s 
bronze ** David ” at the 
Bargello, in Florence. 

Michelangelo. Six- 
teenth century sculpture is 
overtowered by the mighty 
genius of Michelang(*lo, 
whose work is the embodi- 
ment of the highest ideals 
of the late Renaissance. 

To the close of his earlier 
period belongs his colossal 
David,” that wondenful 
agure of a youthful, well- 
proportioned giant which the master chiselled 
out of a spoilt block of marble. 

In his later work Michelangelo to a certain 
extent broke away from the Greek ideal, as he 
had broken away from everything that had 
gone before him, to find an adequate expression 
for his passionate spirit. As a^poct for tho 
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sake of emphasis is allowed to change the 
natural proportion of speech, so Michelangelo 
in sculpture departed from strict truth to 
nature, exaggerating certain actions or muscles 
or limbs, for the sake of accent and increased 
impressiveness. At the same time ho knew, 
like no other master, how to vary the texture of 
the surface to secure the 
desired effects of light and 
shade. The tombs of 
Lorenzo and Giuliano de 
Medici, with tho attendant 
figures of “ Night and Day,” 
” Dawn and Twilight,” 
mark tho height of his 
achievement. 

Between the early Re- 
naissance and Michelangelo 
stands Andrea ^ansovino, 
the creaf6r of the “rarfflttSt 
Sforza tomb at Maria del 
l*oj)olo, ill Rome, a monu- 
ment which shows Andrea’s 
complete mastery of classic 
forms, though the sarco- 
phagus with tho recumbent 
figure is overwhelmed by 
the architectural setting and 
subsidiary figures. Of the 
other masters of the period 
only Giovanni da Bologna 
and Benvenuto Cellini did 
not succumb to tho influence 
of Michelangelo, which 
proved baneful to all others 
who succeeded him and 
contented themselves with 
turning his style into man- 
nerism by absurd exaggera- 
tion of distorted propor- 
tions. Baccio Bandinelli is 
tho typical sculptor of this 
period of decline. 

Giovanni da Bologna’s 
bronze ” Mercury,” with 
its fine expression of swift 
upward movement and its 
brilliant adaptation of tho 
modelling to tho material, 
is the work by which this 
master will be best remem- 
bered, whilst Benvenuto 
Cellini, the sculptor-gold- 
smith, whose chief fault was 
that he treated monumental 
sculpture in the spirit of the 
goldsmitlvand his goldsmith 
work in that of tho sculptor, 
has left the world the famous 
“Perseus” in the Loggia 
do’ Lanzi, in Florence. 

A special branch of sculpture, which reached 
its highest development in the early days of the 
Renaissance, is the art of the medallist. Vittore 
Pisano, who flourished in Northern Italy in 
the early fifteenth century, was the first great 
medallist, and remained unsurpassed. 

P. G. KONODY 



A DETAIL I’HOM THE FBIEZE ON THE 
FAMOUS DOOR OF THE BAPTISTERY, 
FLORENCE, BY LORENZO GHIBERTI 




GROUP 4-PHYSI0L06Y & HEALTH - THE BODY & ITS MAINTENANCE— CHAPTER 11 

The Principal Bones of the Head, Trunk, and Limbs. 

The Spinal Column. How Bones are Jointed. 

THE FRAMEWORK OF THE BODY 


I N considering tho locomotive systoni we have 
to examine first its structure, and then its 
function. Tt is composed of bones, joints, and 
muscles ; and while describing these witli sufficient 
fulness to be clearly understood, all needless 
details will be omitted, and technicalities avoided. 

The Bones. We begin with the bont‘s, 
concerning which a few words have already been 
said in an earlier chapter in speaking of thf‘ body 
as a whole, and we shall not, therefore, here rcpcfit 
details of the information. 

Bones are the framework of tlu* body. They 
support the soft parts and protect the various 
organs. Here [631 ?<hown the sk(‘leton of an 
adult man, and rcfiu-cnce should also be made to 
the picture on ])age 161 of this work. 

The organs of most imj)ortance are well 
guarded from injury, the brai^i by the sL uH, the 
Mpival cord by the sjnne, the ej/ea by th(‘ orhif, Hie 
heart and by tlie ciieNi-wall, 

We have pointed out that there are about 200 
hones in the adult body, which may be divided 
into six parts head, trunk, and four limbs— 
giving a little ov<t 30 bones to eac h part. We 
will look at them in detail. 

'^I’he hc'ad and neck contain 30 bonc's. The 
head, or skull, contains 22, of which e'ajht make 
uj) the cranium, or skull firojicr — the jiart that 
contains tlic brain- and yowr/rr;# the face'. Only 
one of these 22 can move, and that is the lovvcu* 
jaw-bone, which is s<*ldom still. 

Bones of the Cranium. The eight 
bones that make n[> the cranium are only 
sey)arato in the young ehihrs head, where their 
edges lock (doscly together with teeth, like a saw. 

By degrc'cs, the bones grow togeth(*r, so that 
in the adult they cannot be se[)aratcd any more ; 
only the lines where they are joined can still bt* 
seen ; tht\v aix^ called sutures, because they look 
just as if the bones -were sewn together. The 
it*ason they are separate at first is to allow' the 
brain to grow' to its full si7-<*, and then they unite 
together to protect it more thoroughly. 

The eight bones an’ as follow [59, 60]: 

One frontal bone, which forms the forehead. 
Two parietal bones, which form the vault. 
Two temporal bones, which form the tcrnj)les, 
at the sides. 

One occipital, which forms the back of the 
skull. One sphenoid and oiu- ethmoid, which 
form the base of the skull and tho back of the face. 

The frontal bone, so called because it is in 
front, is the sliape of a large cockle or escallop 
shell, and forms the froht of the head and the 
top of the orbits. It is the only bone, in the 
head that contains air, in the two cells that 
form the elevations over tho eyebfows. In the 
elephant these two air-cclls are enormous, and 
give him such big bumps on the forehead. 


Tho parietal bones (L<atin paries^ a wall) form 
a great ])art of the dome of the head. The 
temporal bones are so called because they form 
the temples. Temple comes from Latin temp'ns, 
time or age, and is so named because the hair 
first turns grey there in old age. The occipital 
bone is so named from Latin oexAput, the back 
part of tlio head. This bone connects the rest of 
the cranium with thi* top of the backbone, or 
sj)ine, and has a large hole in the bottom of it 
through which the spinal cord (or marrow) 
passes out of the brain. 

The sj)}jenoid, or wedge bone, forms the front 
of the floor of the cranium, and is like a flying 
bird in shape. The ethmoid, or sieve bone, is 
placed below tlie frontal bone at the back of the 
fa(‘c. It is calk'd a sieve b(‘cause it is y)iereed 
with many small boles, to allow the line nerves 
of smell 1,0 pass through. 

The Face. In the face [60] are 14 bones, all 
in pairs (right and k’ft), except two. I’hey are : 

iVo sup(‘rior maxillary, or U])])er jawbones. 

Two ])alatid bones (in the mouth). 

Two malar, or chcH’k bones. 

Tw'o nasal, or nose boiu’s. 

Two lachrymal, or tear bones. 

3Vo turbinated, or nostril l)ones. 

One vomer, or ])artition between the nostrils. 

One inh'rior maxillary, or lower jawdjone, the 
only one t hat moves. 

'rh<‘ sup(‘rior maxillary bones are so called 
from Latin maxilta, a jaw'. Jn them the \H)per 
t.(‘(‘th are set. 'riiey form the front of the roof 
of the mouth or hard palate, and the sidt^s of the 
nose. The ])alate forms th(‘ back of the roof of 
the mouth. 

The malar bones (Latin mata, (dieek) are the 
eheekboiies, and form the haid ridg(^ under the 
eheek, and also the lower ])arts of th(‘ orbits, in 
which the eyes are s<‘t. Tlie nasal bones (JiUtin 
vaftus, nost*) form the bridge of the nose. I'he 
laehrymal bones (from Latin lachryma, a tear) 
conduct the tears from the eyes into the upper 
part of the nose-. The turbinated bones (Latin 
tnrbiK a scroll) are rolled round in the sha])e of a 
scu-oll of yjaper, and form the inside of the nose 
and the organ of smell. They also serve to filter 
and warm the air. The vomer (Latin vomer, a 
ploughshare) helps to form the bridge of the 
nose. In the inferior maxillary boiU’S arc fixed 
all the low'ci teeth. ^ 

Thickness of the Skull. The cranium 
varies greatly in thickness in ditTcrent parts. 
Where it is most exposed to injury, as on 
the top and forehead, it is thickest, the bone 
often being ) in., whereas, in the temple, 
just in front of the ear, it is not thicker than 
paper in one part. The special structure of 
those flat bones of the cranium serves to protect 
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the brain from shock. They are made of 
two flat plates, with a network of spongy 
bone between. This arrangement prevents 
the shock of blows on the head (if not too violtyit) 
from reaching the brain. This wc 
can prove by putting two flat pieces 
of wood (one on the other) in the 
hand ; if wo strike the upper piects 
we can feel the shock in our hand. 

But if we now put a piece of soft 
flannel or felt between the two — 
like the spongy tissue between the 
bony plates — and strike the upper 
wood, wo feel nothing, because tlie 
vibration is stopped. 

The vaulted shape of the cranium 
gives it also great strength. No 
parts of the body are protected so 
carefully from injury as the brain 
and spinal cord. 

Bones of the Neck and 
Trunk. In the neck there arc 
eight bones, of which seven form 
the upper part of the spine or back- 
bone, and the eighth is a bone in 
the throat, which can be felt be- 
neath the low'cr jaw. It is the 
liyoid bone, or bone like a “ U,” 
because it is just the shape of one, 
with the round part forward. It 
supports the upjxT part of the 
windpipe. 

In the trunk there are 110 bones, 
if the ribs arc counted in pairs- - 
17 vertebra) in the back, 12 pairs 
of ribs at the sides, and one breast - 
l)one, or sternum, in fronts 

The trunk is divided into the chff<( 
and abdomen. The chest or thorax 
is a bony cage formed by the spine 
behind, the ribs at the side, and the breast-boiu^ 
in front, and contains the lungs and heart. The 
abdomen has only the spine behind, and no 
bones in front. 

The Vertebrae. 'I ’he backbone, or spine, 
is made up altogether of 33 vertebra) or tuiliing 
bones, which are so named because most of them 
can turn a little on their own axis. 


The first seven form the neck or cervical 
vertebra) ; the next twelve form the back or 
dorsal [56a] ; the following five form the loins or 
lumbar [66b] ; and the next five arc united into 
one bone called the sacrum, or 
sacred bone. The last four are 
also joined into one bone called the 
coccyx, or cuckoo bone, and these 
two form the back of the hips. 

These vertebne are placed one 
on the toj) of another, like so many 
bricks, and each one is se[)aratod 
from the next by a stout pad of 
cartilage or gristle, which, like the 
spongv bone betwc(*n the two hard 
})latc^f the skull bones, prevents 
aiiywiock from reai.-hing the brain. 

Mfbough the sj)ine contains 33 
ve/tobra) in man, we sec that five 
and four are joined tog<‘ther ; and 
thus there are only 20 separate 
bones. In the child, on the other 
hand, each vertebra is made up of 
several separate ])arts, so that there 
are nearly 200 pieces of bone to 
form the 33 vertebra?. 

Shape of a Vertebra. A 
vertebra is something like the ligure 
c'ight, with one of the circles made 
solid in front, and the other one left 
open and forming a ring beliind ; so 
that when all the bancs are placed on 
one anot her, the solid discs in front 
form a bony column, and the rings 
behind form a long1iib(‘. The coin Jim 
supports the body, and the tube 
contains the spi)}al cord, or marrow. 

The ring behind has thn^e bony 
projections, one on each side 
(transverse process), and one be- 
hind (sj)iniil j)roc(*sH), and it is the tii)s of those 
j)rocesst‘s, one below another, that are felt .'is 
ridges of the spine behind. They are for the 
attachment of tlu‘ strong muscles which sup])oi*t 
the long column called the spine. 

Use of the Padding. If we put 20 reels 
of cotton on the top of each other, with a soft 
pad between (*aeh for the cartilage, we can see 




54 . ATLAS AXIS 

1 and 4. Articulation. 2. foy, or 
Odontoid process. Z. Littamont. 


3 
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55 . CLAVICLE (right side) 

1. Inner or sternal end joins handle of 
breast-booe. 2. Shaft. 3. Outer or 
scapular end. 



66. (a) DORSAL VERTEBRA 
(b) LUMBAR VERTEBRA 

1. Spinal pniceHS. 

2. Articulatiou. 

3. Lateral proct.-ss. 

4. Inferior articulation. 

5. Body. 



57 . TRUE RIB 
1. Head. 2. Neck. 
3. Body. 4. Junction 
with sfcrnuin. 



68. STERNUM 

1. liaiulle or inanu- 

briuin, 

2. Body. 

3. Ensiforrn proce.s8. 

4. Attachment of rib 

eartila^re. 
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how easily a little pressure from above would stronger they become in every way [66], until the 

force the column to one side or the otfuT. The last of the twenty-four rests upon the mcrimy 

pads prevent friction and jarring. The spine which forms the back of the hips, 

is only k(!pt straight by exei’cising its muscles, The Ribs. The Ribs [57] are long bones 
and girls especially should have as much drill and curved in a semicircle forming the cage, called 

exercise as possible, to strengthen this spinal the thorax, which holds the lungs and the heart. 



59. TIIK lUrMAlS’ SKI 'LL AS MEWED IKOM THE TOP, EROM RELOW, AND IN SIXTLON 


column. The spine is naturally bent backward 
in a curva^ which makes the. beautiful spring on 
which the head is poised. 

The Atlas and the Axis. 'J’he toj) v(‘rt<‘bra 
of the seven in the neck is called the Atlas [54a |, 
us it supports the head, just as th(^ fabled 
(Jreek god Atlas carried th(‘ lieav(‘ns on his 
shoulders. It consists of a strong, bony ring, 
divided in two by a tibrous band. On the U[)per 
surface are two smooth sock(ds, on which the 
lower part of the occipital bom' of the skull 
r(‘sts, and on which the h(‘ad moves backward 
and forwjird, as when we nod and say “Yes.” 
Through the back part of the ring the spinal cord 
passes into the brain by tlie great opening in the 
occipital bone. 

'J’lie second vertebra is called the 
A:ris [54b], because in front of it is ’ 

a strong, bony peg about an inch / 
long, passing up through the front 
of the ring of t he atlas, and on which ^ / 

it and the head can turn from side 
to side, as when we shake tin*, head ) ® 
and say “ No.” lUX rrrrr A 

Meaning of a Broken Neck. pcxxocu y 
If this j)eg breaks through th(^ fibrous ) n ^ 
band a('ross the atlas, as in hanging, 
it press(‘s on thi‘ sj)inal cord behind, 
and causes instant death, and the 
pei soii in Raid to liavc his tua'k broken. 


it press(‘s on tlu' sj)inal cord behind, HtiMAN SKULL 

and causes instant death, and the t'Vontal bone 2. Parietal 
l.erR0.ii.s Raid to his nork broken. 4 ! R[,laMok/l'H,ne'’6 

J.O see how this is dom*, make a ^‘'^**^* 8* styloid process 

ring with the ti.-Rt linger and tlunnb 'Zg-Je » 

OI the lett hand, and tlam tu* a lynialbonc ll. inferior Maxilla 
thread to stretch across it from the 12. imisord 13. Cauine teeih 
middle of the finger to the middle 

of the thumb ; then put the forefinger of the right ])laec. In 
hand up though the froyt division to repn-sent (h^ep chesb 
the iK‘g of the axis, and put th(^ thumb through The claviel 
the other division to represent the spinal cord. hands or ai 
If we theii hrt-ak the thread by piish^g backw^ard together fo 
with the right foretinger, and press on the thumb, The SI 
we see exactly how a man's neck is broken. shoulder-bl 

Tbe other vertebrne are all pretty much alike, flat, triangi 

only, the lower they go down, the larger and the back, o 

13.Vi 


There are 12 pairs of them aftuched to the 
12 uppi'r vertebra' of the back, so that there arc 
12 vertehrio without ribs {seve}i in tbe nook 
abov(‘ and fire Ix'low), and 12 with them. 
The sevf'ii npp(T pairs of ribs are also hinged 
in front on to ilu^ bn'ast-bom*, and are called 
true ribs; the other five ])airs are not so binged, 
and are calk'd false ribs. These ribs are, how- 
<‘vt‘r, united by cartilage in front to tbe lowest 
true rib, (‘xef'pling the last two pairs, which are 
not fastent'd in front at all, ami arc sometimes 
called floatiiig, or free. ribs. Frogs have no ribs, 
but snakes have hundreds, on which they move. 
They use them instead of . limbs, and tlie flying 
lizard flies with its ribs. 

3 The Breast. b one and 
Collar-bone. The Breast-bone 
is called tbe Stern am 158|, or sword, 
because it is just the shape of a 
short Roman sword or dagger in its 
sheath, with the handk? above ami 
the point downward, which we can 
f(‘t'l in the middle of the ehest. 'lb 
o I he handle above, the arms an^ 

attaelu^d on each side by means of 
the collar-bones. 

AN sKui r Clavicle |55), or collar-bone, 

2 p ‘t called from liatin clavis, a key, 

i»itul Toii*e fastened to the sternum at 

6 Temporal the inner end, and at the outer laul 
^sijperior shoulder-blade, with wbich it 

one io.Lnch- completes the socket for holding th(^ 
ferlor Maxilla arm. It is the shape of the loiter 


15. Molara * which is like an ancient key. 

and keeps the ^loulders in tlu ir 
])lacc. In animals, all of which have narrow, 
(hicp chests, these bones are very short indeed. 
The clavicle i.s easily broken by a fall upon tlu' 
hands or arms. The two collar-bones in a fowl 
together form the “ merry -thought.” 

Tbe Sboulder-blade. Tho Scapula, oi 
shoulder-blade (Latin acapnia, a little boat), is a 
flat, triangular bone resting over the muscles of 
the back, on which it freely moves. It is unitc'd 



to the clavicle above, and forms the socket for 
the arm by means of a shallow cup at the outer 
angle, the point of the triangle being downward. 

The Arm. The Arm [62] contains 30 bones, 
and is divided into three parts : the upper-arm. 
with one bone ; the forearm, with two bones ; 
and the hand and wrist, with 27. 

The Humerus (Latin liume.rust shoulder) is 
the name of the arm -bone. It has a rounded 
head above, fitting into the socket in the 
shoulder-blade, which is so very shallow that 
the shoulder is easily put out of joint — ten 
times as frequently as any other bone in the 
body. It is so shallow in order to allow free 
movement of the arm in every direction. The 
lower end of the humerus is broad, and shaped 
like a door-hinge. 

The Ulna is so called bofauso it forms the 
elbow, and is the inner bone of the forearm. 
It has a broad socket above, exactly fitting 
into the end of the humerus, and forms a strong 
hinge-joint ; it is pointed, below. . The end of 
the ulna, which makes the tip of the elbow, 
locks into the humerus when it is extended, 
and by this means prevents the arm from 
folding backward. 

Bones of the Forearm. The Radius 
(Latin radius^ a spoke) is the outer bone of tho 
forearm. It is narrow above and broad below, 
where it joins the wrist and carries the hand. 
This bone moves above and Ixdow in two strong 
rings that join it to th(5 ulna and enable it to 
turn round it. If wo place one of our forearms 
and the back of the hand on a table, f he radius 
is the outer boiui and the ulna the inner. Now, 
without raising the arm or moving the elbow, 
we can turn the hand right over, palm down- 
ward, and wo can see and feel the radius turning 
over the Tilua, which has never moved at all. 
Remember the radius turns, and forms the wrist- 
joint ; the ulna is fixed, and forms the elboiv^ joint. 
Tho elbow-joint is twisted a little inward, so 
that tho forearm does not fold straight on to the 
arm, but centrally, toward the mouth, where it 
is much more useful, as we very seldom })ut our 
hand on the shoulder of tho same side, ’but 
often use it to carry food to the mouth. 

Bones of the Hand. The Hand [63] may 
bo divided into three jjarts : tho wrist, whieli 
has eight bones ; tho hand, whieli has five bones ; 
and tho fingers, which have 14 bones. The 
bones of tho wrist are short and square, and 
are all so united by fibrous tissue that each 
can bend slightly, and thus they make flexible 
but very strong joints. They are called carpal 
oones (I^atin carpus, a wrist). Tlu' hand is 
formed of five bones, which can be felt along 
tho back of a thin hand ; they aro called meta- 
carpal (Greek meta, beyond ; carpus, wrist). 

The fourteen bones of the fingers are called 
phalanges (Greek phalanx, a rank), because they 
»tand in rows, like so many soldiers; three 
form each finger, and two form the thumb. 
The use of so many bones is not only to give 
every possible variety of movement, but to 
give great I’esistance to any blow or shock, 

in falling on tho hands. 


GROUP 4-~PHVSIOLOQY 

Bones of the Legs. The Hips are con- 
structed of four bones which, joined together, 
inako what is called tho pelvis, or basin, because 
it is like a basin with the Wtom out. The 
four bones are tho sacrum and coccyx, forming 
the base of the spine behind, and tho two hip- 
bones (called ossa innominata, or nameless bones), 
one at each side, which meet in front. This 
basin holds and supports tho low'er organs of 
the body, and is broader and stronger in man 
than in any animal, in order to maintain his 
upright position. Tho two very deep cups or 
sockets on the outer side of tlio hip-bones aro.for 
the heads of the tliigh -bones. 

Tho Legs [62] are divided into three parts, like 
tho arms, and eonqiosed of exactly the same 
numb(‘r of bones, only that, as the bone that 
corresponds to the tip of the elbow, and forms 
tho front of the knee, is separate, wo count one 
for the thigh, three for tho leg instead of two, and 
20 for tho foot instead of 27, bocanso there arc 
only seven bones in the ankle and instep. 

Tho Femur, or thigh-bone, is the longest 
and strongest bone in the body, and longer in 



61. THE MIDDLE AND TTIIKD FlNGKIiS OF THE 
HAND, SHOWING THE CONNECTING LIGAMENT 


proportion than that of any other animal. 
Tho head of this bonti is veay round, and fits 
firmly into tho deep cup of the hip-bone, so 
that, while the log cannot move so freely as 
the arm-bone, it is much less likely to bo dis- 
located. ^J'lie lower end of tho bone is broad 
and flat to form the knee. 

The Tibia, or flute- bone, is tho large bone 
of tho log. LJnliko the ulna in the arm, which 
only forms one joint, it not only forms the knct‘- 
joint above, but the ankle-joint below. We can 
trace it all along, just under tho. skin, where it is 
called the shin,* 

The Fibula (or buckle-boue) is so called because 
tho knee- buckle used to be worn over it, on the 
outer side of the leg. It is a long, thin bone, 
fixed at tho outer side of the tibia, and corre- 
sponds to tho radius in the arm, but, unlike it, 
does not form tho lower joint, but only protects 
the outer side of it. Neither can it turn round the 
other bone, for we do not require to turn our 
feet over, as w'e do our hands. The Fatclla, or 
knee-cap, protects the front of the knee-joint. 

Bones of the Fpot. The l^'oot has 20 
bones, and may bo divided into ankle, foot. 
and toes. The ankle (and instcji) is formed of 
seven short, strong tarsal bones, much larger 
than the carpal bones of the hand ; one of them 
forms the neel ; tho others make up the 
beautiful arch of th(i foot called the instep. 
The foot is formed, like the hand, of five lonj 5 
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62 . THK HONKS OF THE LEG ANK* THE ARM 
n, frrniir, or tliljrli'bonc ; h, patella, or kiicc-cap ; c, tibia, 
or llute-boiu ; d, fibula, or buckle- bone ; taimiB, or ankle • 
f, metatarsus ; f/, phalanges, cff toes ; h, humerus ; j, ulna 
k, »;ullus, /, carpus, or wrist; w, metacarpus; w, fingers. 

mt 


bones, called metatarsal. The toes are called 
phalanges like the finger bones, and are also 
14 in number. 

Wo will now compare the arm with the leg, 
and wo will see that, though there is a general 
correspondence, there arc radical differences, so 
that 'in no sense is the arm a sort of foro'-leg. 
'Phe bones are all smaller and shorter in the 
arnis, the joints are much weaker and rhoro 
flexible. The shoulder and hip joints are both 
formed on the same principle, dnd yet one is 
almost the weakest joint in^tho body, and th(^ 
other one of the strongest. The knee and elbow 
^liffer still more, the former being (iitin'ly made 
for su])porting w(‘ight on its broad, flat surface, 
the latt(‘r for jhe easy movement of a door on 
its hiiigos. The ankle and wrist are entirely 
difb*rent joints ; the wrist is made for limited 
but firm movements in all directions; the ankle 
for the foot to move, as the elbow does, up and 
flown like a hinge. Then, as wc? have seen, the. 
harid can lu' turned over backward or forwrttd ; 
th(‘ foot, of course, cannot. The heel in the foot, 
formed of one of the strongest bones of th(5 
ankle, has no eonnt(‘r[)art in the hand. 

How the Bones are Jointed. Wo 

now turn to consider joints, which really arc 
the hinges on which tlie bones move. The ends 
of the I)on('s composing a joint are smooth, 
enlarg(‘d, and roinuh'd so as to lit, inorc or less 
closely, into one another. 'The bone itself, 
near the joint, is all hard, compact tissue, and 
is covered with a smooth layer of cartilage. 
Jbmes ar(‘ uuitc'd by a fibrous capsule allaehial 
round each, and liiual with a line mcmbraiu* 
(calk'd synovinl membrane) which secretes a 
lubricating fluid (like the white of an egg) 
called synovia. 'Pht' joints are often strongthem'd 
by various bands and ligaments. 

All the different' bones of the body an' con- 
nected by joints, or articulations, of some sort. 
4’hese joints, or hingt's, are of three varieties : 
immovable, partly movable, and movable. 

1. Immovable joints arc formed by tlie 
joining of two bones together in sucli a way 
that they ])ractically become one. The separate 
bones of the bead and faoi; are .all thus unitc'd, 
except the lower jaw-bone, which is the only one 
that has a movable joint. The bones of the skull 
have edges lik(‘ a saw, ■which lock into each 
other, leaving just a line wh(*re they weie 
once divided. Tlu' teeth are also firmly iixed in 
the jaw, and cannot move till they fall out. 

2. In [)artly movable joints, the bones do not 
absolutely unite, but are covered, where they 
join, with a little gristle, and are bound together 
by strong bands that fix them very firmly, but 
just allow the least iiossible fftovement on eaeli 
otluT. Tt is in this way that the hip-bones aie 
joined to form the pelvis, and the vortebrte to 
form the spini*. The bones of the ankle and wrist 
are joined in the same manner. 

3. In the case of movable-joints the ends of 
the bones are expanded and made to fit eaeli 
other, frequently in the shape of a cup and ball. 
They are constructed in the way we have 
already described. These movable joints are of 



four distinct varieties — ball-and-socket joint, 
hinge joint, gliding joint, and pivot joint. 

The ball-and-socket joint resembles a ball 
fixed in a cup so as to move freely any way. 



63. THE roSlTION OF THE BONES IN THE HAND 


This is seen at the shoulder and hi]). In the 
hinge jmnt one surface is fitted into the other, 
so tliat the bone can only move backward and 
forward, like a door on its hinge. We find this at 
the elbow [64] and knuckles of the fingers. In the 
gliding joint, one bone slides on another freely, 
as at the ends of the collar-bone, in some of the 
wrist and ankle bones, and in the knee-joint. In 
the pivot joint a pivot works in a ring, like, the 
hinge on some iron gates. It is found at the 
top of the radius, where the bone turns in a 
fibrous ring ; and in the atlas and axis, w'hcro 
the one forms the ring and the other the pivot, 
enabling the head to turn from side to side. 

All the joints of the head, as we have seen, 
are fixed joints, except the lower jaw. This is 
both a sliding and hinge joint, and sometimes, 
if we yawn or gape too much, it slides out of its 
socket, and our mouth is fixed wide open, the 
]aw being said to be dislocated, or out of joint. 

We have shown that nodding is a sliding 
action between the head and the atlas, ami that 
sJtaking the head is a ring -and- pivot motion 
between the atlas and axis. 

All the ribs are hinged on to the vertebra? 
so as to move up and down in breathing like the 
handle of a bucket. 

Movements of the Arm and Foot. 

The arm, being fixed at the shoulder in a loose 
ball-and-socket joint, is capable of circum- 
duction, or movement round in both directions. 


GROUP 4— PHYSIOLOGY 

The elbow, being only a hinge joint, can, ol‘ 
course, only move two w^ays — backward and for 
ward. The joint at the knuckles of the hand [61 ] 
(not of the lingers) is^a peculiar one, and i.-; 
shaped like a saddle. We can spread our fingers 
and move them sideways, as well as move them 
backward and forward, just as in a saddle we 
can rock in our seat from side to side', as well as 
backward and forward. So that these joints 
are not ball-and-socket joints, and will not move 
all ways, like the shoulder ; nor arc they merely 
hinge joints, like the kmu;kles of the fingei's, 
which only move backward aiul forward, but arc 
a sort of double hinge, allowing a side movement 
OB well. 

The foot and toes are on the same pattern 
a« the hand, but do not move nearly so freely. 
The joint of the big too is often dislocated by 
ill-shaped boots, which press it too much outward 
toward the other toes. 

We have seen that the pleura between the 
lungs and ribs forms a sort of joint, because 
one surface of the closed bag glides on the otht^r, 
and in the same way the pericmdiuin round 
the heart and the pe.rifoniiini round the digestive 
organs also resemble joints ; so that rheumatism, 
which always attacks the joints, often settles 
here, as well as in the limbs. 

The hip is a very strong ball-and-socket joint, 
and the only things that prevent the thigh 
moving in all directions are the strong bands 
that are attached around it. 

The knee,' having only two flat sui’faccs, 
looks as if it could easily be ])ub out of joint, 
but really it is a very strong joint, as the two 
bones not merely glide on each other, but art^ 
firmly united together by two very strong 
bands of fibre in tlic middle of tlio joint, passing 
from one bone to tlic other in the form of a cross, 



64. A SECTION THROUGH THE ELROW, SHOWING 
HOW TlJE JOINTS OF THE BONES WORK 


and hence called the crucial ligaments. This 
joint is also protected by strong muscles all 
round. The ankle-joint is a hinge joint of very 
strong construction. A. T. SCHOFIKLD 
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Preservation of Green Fodder In Silos. How to Build and Fill 
a Silo. Sour and Sweet Silage. Crops Suited for Silage. 

THE ENSILAGE SYSTEM 


Cnsii age, »a word which is derived from the 
^ Krc'iich en. siler to seal up — is t.h(^ process of 
preserving gree7r7r)rl(l(‘r either in a stac^k or a 
properly eonstnieti‘d silo. 'Fhe ^ 

rc'ceptacle or a])artin(*nt so built that the air 
cannot pass through its walls or floor, wliilc 
th(‘ w'ord “ ^jlagt* ’ denot(^s the material which 
has been ])reserved. Whether silagti is stacked 
in the open or preserved in a silo, it is necessary 
to weight it lieavily to exclude the air, and thus 
t.o [>revent exc(‘ssive fermentation. 

Value of the Silo. 'J'h<‘ ensila^^ s\’stem 
was initiated in this country at a time when 
frequent bad seasons wen* accompanied by the 
destruction of large (plant it U‘S (Yf partially 

made hay, but sinci* that daU^ it has been 

comfiaratively little praetis(‘d, owing to better 
seasons, to the morc^ ext(*nsiv(^ use of rapid 

haymaking machinery, and to the gi'iu'ral 

)>r(‘f(*ren(a^ of the farmer for hay. VW do not, 
how(W(*r, in England value the process as avc 
should, inasmuch as it is adapted for tlu' preser- 
vation of (certain foiage crops which are of 
(extreme value in winter, and which cannot be 
systematicadly pr(‘serv(‘d in any other w’ay. 
In the United States and Uaiiada, rnai/.i*, which 
can be erpially w'cll groAvn through(3ut a largo 
part of Englaiul, is preserv('d in the silo on a 
largo scale for winter use. With us, vetches, 
j)(‘as, lucerne, and trifolium incarnatum are 
well adajited to j)r(‘stTvation in the silo, and if 
grown for the [)uri)ose, together with mai/.e, th<*y 
w'ould materially add to tlie Avinter food supply. 
In some cases juixed grasses and clovers, cen'als 
and pulse, have be(*ri preserved Avith great 
success, and tlu^ remark equally applies to the 
to[> of the Jeru.salem artichoke, to suntloAver 
stalks and lu'ads, and maix(* ehojiped and mixed 
at the time of ]jit ting. 

Building and Filling a Silo. When 
the silo is properly filled and pressed, the fodder 
is practically kept in a s(*aled condition. Its 
AV’alls must be smooth, and tin* bricks, Avhere 
thes(‘ aie us(*d, fac('d Avith ceiiKUit, and Hnished 
with a steel float, while the corners should he 
rounded off so as to minimise the quantity of 
air retained. In filling, the jiroei'ss should b(A 
gradual, one Ja3^er being alloAved to settl(5 before 
another is brought in. The fodd(*r should bo 
AA^ell trodden, ('speeially around the sides, Avuth 
the object of compr(*ssing it as much as possible. 
Jt was at first supposed that grass and other 
green crops intended for silage could be cut and 
carted during any weather AAuth e(pial success, 
but this is not the case. To fill the silo with 
fodder heavily wetted by r^in is to court partial, 
or entire failure. , - - 

" The 'success of silage manufacture depends 
upon control of the temperature ; but liore 


it is necessary to explain that there are tw’o 
elasH(5s of silage, the sAveet and the sour, 
Avith their various gradations. 

Sour and Sweet Silage. If a silo, having 
been gradually filled and trodden from day to 
day is" finally ])ressed, AAdiether by“*‘thc ” aid of 
a m(-‘(dKiiii(!al a[)plianee or by a dead Aveight, 
and pressure is aiiplied too early, the result 
may be the ]>roduction of sour silage. On the 
other hand, pr(*ssuro being applied at a later 
period, the silage Avill probably be sweet, OAA'ing 
to the fact that heating or oxidation has inter- 
vened. In a word, if the ' tMJierature does 
not exceed 125' to KIO' F., the silago Avill he 
more or less sour ; Avhereas, if it reaches from 
140*’ to F., it Avill he more or less sAveet. 

With the a] > plication of high ])res8ure at an 
early ])eriod oxidation is checked, and the* 
teiiqieratun* fails to rise; wh(‘r<‘as, if pressure 
is d(‘f('rr(‘d, In'aling is eneoiirag(*d, and tlu^ 
tern p(‘ra tore rises to the degi'(M5 already sug- 
gested. It must not, however, be allo\\'c*d to 
go too far. or the result will be, as in the ease (jf 
an oA"(‘rh('ated haystack, spoiled fodder*, and 
consecpient loss. Although there are rrrany 
j)roduc(*rs Avho mak(* and ev(‘n pi*ef(T sour 
silage, th(‘ production of which is almost 
unavoidabh*. with the most sueeulent foddtT 
crops, it is not to be regarded as a food for dtiiry 
cows, owing to its pungent odour, and to the 
fact that it is almost impossible to prevent it 
eorive^fing a taint to milk. 

Sweet Silage More Nutritious. SAvec t 
silage. Avhich is more agreeable both in odour 
and flavour, is rcgardiid as the more nutritious. 
It owes its sweetnt^Ks to the dr'striK^tiqn of tlie 
aefd’ fermieritatjori is due. 
Crass silagii contains' fi’6rn 71 fo 72 per cent, 
of Avatei’, or slightly less than grass ; AAdiile the 
soluble feeding mater'ials, the albuminoids and 
"eaTtMjKydrtxte^j, are sTlghfly* niereased, the in- 
sohibh^ anyuitunoids and digestible fibre are 
ttpCTTTisrd’tftjJimnt Silago, and especialU'' that 
AVbirh Is'sdur, contains acetic and other acids, 
altihough the ])orcer\tage varies with the tem- 
jrerature at which the fodder Iras be(*n made. 
As compared w'ith hay, Avhich loses considerable 
AA’eight in the ])roeoss of drying, the loss of 
AA'cight as betAveen grass and silage is much l(‘ss 
corrsid(‘rable. In round numbers, while grass 
loses 20 per cent., of its weight during its con- 
version into silage, it los(‘S 70 to 75 per cent, 
during its conversion into hay. 

The colour of silage should be bright, and the 
flowers of the plants well preserved. Where, 
lioAAwer, it is made at a high temperature, tli(^ 
colour deepens materially, until, having passed 
160'^ F. by several degrees, it becomes a deep 
brown, and thus resembles burnt hay. 
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Crops Most Suitable for Silage. A 

good crop should never bo preserved in a silo if 
it can be converted into hay. Silage has no 
market value, whatever it may bo worth on the 
farm ; and although there is no ostensible reason 
why it should not be used for stock of various 
kinds as systematically as hay, there is greater 
risk in its production, owing to general want of 
knowledge on the part of both farmers and 
workmen, while the loss which may follow the 
opening of a stack or silo, and consequent ex- 
posure to the air, is much greater than that 
involved in the opening of a hayrick. Wo cannot 
refrain, however, from emphasising the value 
of the system to those w’ho are abh^ to grow such 
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more perfect treading and settlement, is ready 
for pressure, the fodder may be covered either 
with chaff or dried earth, w'hich, if preferred, 
may be spread upon boards made to fit as closely 
as convoniont, the object being to provide an 
oven surface, and thus to ensure even pressure 
on the forage. 

In the absence, how^evor, of a mechanical 
press, bricks, bags of earth, or stones, blocks of 
concrete, or any similarly suitable material, 
may bo placed on the top at the rate of 120 lb. to 
lb. per squares foot, tlie weight being incr(‘asod 
with the depth of the silo and the quantity of 
forage it contains. It is a mistake to suppose 
that the ensilage* j)rocess docs more than reserve 



foods as maize and vetches. In the preservation 
of maize, which may be grown at the rate of 
from 20 to 35 tons per aero, a silo is essential ; 
while the fodder must be cut by a special machine, 
practically a large chaff-cutter, and packed as 
tightly as possible in an airtight silo. 

Best Form of the Silo. A silo may 
be built in the form of a pit on the side of a hill 
for convenience in unloading and removing ; 
it may be circular — a common plan in the 
United States — or it may be formed by running 
a wall across one end of any suitable and sub- 
stantial building. A roof is essential, together 
with means of elevating the weighting material. 
Where' a' silo," having been gradually filled for 


the material submitted to it. There are many 
who believe that the feeding value of silage is 
greater than that of the crop from which it 
has been produced. On the contrary, the value 
is slightly diminished, owing to the loss which 
follows heating, or oxidation. 

Grass and other oi*oi)s intended for silage 
should be cut when in bloom, and allowed to lie 
in the field sufficiently long to part with a small 
proportion of their moisture. In all cases the 
worat material, that cut around the hedgerows 
and* roadsides, should be packed around the 
sides in the silo and covered over the top, for 
in both places there is usually a proportion 
spoiled. JAMES LONG 

1359 


6R0UI> 6-CHEMISTRY • THE MATERIALS OF THE UNIVERSE-CHAPTER II 

Forms, Simple Compounds and Allies of Carbon : Silicon, Tin, and Lead. 

Nitrogen and Its Related Elements : Phosphorus, Arsenic, Antimony, Bismuth. 

CARBON AND ALLIED ELEMENTS 


Diamond. The diamond is almost abso- 
lutely ])iire carbon. Its nature was proved by 
Ili(* celebrated French chemist l.,avoisier, who 
succeeded in burning diamonds, and proving 
that the sole product of th(‘ir combustion was 
carbonic acid (CO.,). W(^ know now also that 

if the diamond be raised to a white heat in the 
absence of oxygen, it swells up. and is trans- 
formed into a black mass, which is practically a 
shapeless lump of charcoal. Diamonds which 
an' not perfectly white owe their eolour to the 
presence of oxides of various metals, such as 
iron. Diammid is tlui hardest substance known. 
It occurs in many crystalline forms, lait they 
are all derived from the cube, 'riu* property 
which gives it its peculiar beauty is its very 
high power of refracting light — that is to say, 
bending rays of light, and, incidentally, breaking 
them up. [See Optics, in the course of Physics.] 
Diamonds are most abundantly found at the 
Oape and in Brazil, but formerly they were 
only known in the Deccan in India, d’he hard- 
ness of the diamond gives it a [iraetical use* as 
an instrurmmt for cutting glass and for drilling 
rocks. The value of diamonds is variously 
stated to increase as the scpiare or as the cube 
of their weight. 

Graphite. Graphite is tlu* second allotrofiic 
form of carbon which wc have to consider. 
It occurs in Cornwall and (^imberland, in the 
United States, anti elsewhere. 'Jdie carbon 
which separates out from cast iron when it is 
slowly cooled is graphite. It crystallises in the 
form of six-sided plates. Apparently in order 
to confuse tlu* stud(*nt, graphite is known hy 
two names which attempt to persuade him that 
it consists of lead. These are blarklmd and 
phnnhago. Besides its use in making pencils 
and bhurking grates, graphite is also employed 
for the making of moulds for iron casting, and 
is also mixed with fireclay for the making of 
crucibles. 

Charcoal. Charcoal is an amorphous 
form of carbon, and is obtained from two 
distinct sources. Aninuil charcoal is obtained 
from bones by healing them in the absence of 
air, and is thus also known as hone- black or 
bone-charcoal. It, however, is an exceedingly 
impure form of carbon, a very large part of it 
consisting of phosjTliate of lime. Jt has a 
{wciiliar affinity for colouring matters, and is 
used in the process of i^dining sugar so as to 
remove colouring matter from it. It is also an 
ingredient of blacking, and is employed as a 
pigment. Lampblack is another wnpure form 
of carbon, which is obtained by the imperfect 
combustion of oil, and is also used as a pigment. 


Wood Charcoal. This is made by charring 
w^ood. It is far from pure, but contains a much 
larger proportion of carbon than does animal 
charcoal. The time-honoured way of preparing 
it is hy piling the w'ood in a heap, covering it 
over with turf, and then sotting it on fire. The 
result is a number of lumps of wood charcoal 
which retain the original shape of the pieces of 
w'ood. It is an ingredient of old -fash iom^d 
gunpow'der, mixed with sulphur and nitre or 
saltpetre, the nitrate of potassium. This form 
of carbon has a peculiar physical property ; it 
is (‘xtrernely porous, and thus will hold a large 
quantity of gas ; Imt more than that, it has a 
power, hitherto unexplained, of condensing gases 
on its surface and in its substance. A given 
quantity of wood charcoal w'ill absorb or occlude 
an amount of gas which would otherwise occupy 
hundreds of times its own volume. Wood 
charcoal is thus a deodorant, having the power 
of removing had sinidls ; but it is also in little 
measure a disinfectant, for it aocumulat(*s 
oxyg(*n in its pon'S in a highly condensed and 
ther(‘for(* very active form, by which means it is 
enaliled, so to speak, to burn up microbe's and 
bring tludr life to an end. 

Gas Carbon. Another variety is gas 
carbon — porous, greyish black, and exceedingly 
hard — which is deposited in gas retorts during 
the process of making gas from coal. The coal 
gas consists largt'ly of compounds of hydrogen 
and carbon, and it is from these that gas 
carbon is obtained. It also is amorjdious. 

Coal. Goal is one of the most important 
forms of carbon, of w^hich it contains from about 
70 per cent, in the poorest forms of coal up to 
97 per cent, in anthracite. Anthracite coal is 
a direct product of the activity of chlorophyll, 
the substance which we mentioned in th(' 
last section. It consists of the carbon 
remains of certain forms of giant ferns wh'ch 
tlourished upon certain portions of the earth’s 
surface many geological ages ago. ^ Coal is the 
characteristic constituent of the geological* 
stratum which is known as the carboniferous. 
[Sc'c Geology.] There is good scientific ground 
for the poetical description of coal as “ buried 
sunshine ” ; for the activity of the chlorophyll, 
to which it owTS its formation, depends entirely 
upon the action of sunlight* When coal is 
heated in th(i absence of air, as for instance in 
the manufacture of coal gas, w'e obtain not only 
the gas carbon which is deposited on the upper 
•surfaces of the gas retorts, but also the product 
which we call coke. This by no means consists 
of pure carbon, but it is very much purer than 
coal in its natural state. 
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The briefest reference may be mode to some 
very interesting experiments by Sir James 
Dewar upon the behaviour of the various forms 
of carbon at extremely low temperatures, 
especially in relation to their power, already 
referred to, of occluding gases. He finds that 
when charcoal, for instance, is immersed in 
liquid air, its power of gaseous absorption is 
extraordinarily increased. We have yet to 
reach the explanation of tlu'se and countless 
other facts, \\ hich belong to the new science of 
physical chemistry. 

Oxides of Carbon. Carbon forms two 
compounds with oxygen, both of which are of 
great imj)ortance. The simplest is known as 
carhm wtmoxide^ or rarhtmir oxulr, and has (he 
formula CO. It is an odourless, tasteless, 
colourless gas, and is produced in Nature Avhen 
carbon is burnt with an amount of oxygen 
which does not suffice for its complete oxidation. 
For, when carbon is completely oxidised, there 
is produced the substance known as carbon 
dioxide, or carbonic acid, which has the formula 
CO.j. Carbonic oxide may also be formed by 
reduction of carbon dioxide by means of rcnl- 
hot carbon, according to th(^ equation 
CO., C - 2CO. 

This process may be observed in a hot fire, 
and is of importance, because it o(^curs in coke 
stoves. In an ordinary lire, the coal which is 
near the front, and thus receives abundance of 
oxygen, undergoes complete cortibustion, and 
ields carbon (lioxide ; but as this gas pass(*s 
aetkwards over the red-hot coal at the back of 
the fire it is reduced, according to the above 
equation, and yields carbon monoxide ; but a,s 
this arises it meets with a better supply of 
oxygen, and is itself burnt, to form carbon 
dioxide again. It burns with a blue flame, 
which may bo const an lly seen in a very hot 
fire or a charcoal stove. The formation of 
carbon monoxide in this fashion used to be a 
very frecpieiit cause of death abroad, where 
charcoal until recently was too often burnt in 
rooms insufficiently ventilated, and without a 
proper exit for the products of combustion. 

Now, why is this gas poisonous ? We are 
able to answer the question very precisely. 
Carbon monoxide is poisonous in a special scuise, 
as carbon dioxide is not, because it is capable of 
combining with the hajrnoglobin of the blood. 
Carbon monoxide forms a very (irrn chemical 
union with haemoglobin, yielding a compound 
whi<;h has a very bright red colour, and gives 
a characteristic cherry-red tint to the bloml. 
This compound Ls a very firm one, and it pre- 
vents the haemoglobin of the blood thus occupied 
from performing its proper function of carrying 
the oxygen of the air from the lungs to the 
tissues. Thus the patient dies of a kind of 
suffocation. The especial danger of this gas is 
that its accumulation in a ropm offers no w arning 
to the senses of smell or taste. 

Carbonic Acid, We may as well at 
once admit that this is not really an accurate 
name for what should be more properly called 
carbon dioxide (CO^). A more accurate name, 


often employed, but unfortunately calculated 
further to j)u/./.le the student, is carhimic anhf- 
dride. The moaning of this last word must bo 
explained. An anhydride (which really means 
myt water) is an aciid from which have been 
removed the elements which correspond to the 
constitution of water — that is, in the proportion 
of two atoms of hydrogen to one of oxygen. 
The name carbonic acid should ])roperly be con- 
fim>d to (he union of carbon dioxide and water. 

Jf we c'ombiiu* the two formulae, H.,() and CO,, 
and wrii(^ the f)rodu(t with the hydrogen first 
— as we usually write the name of an acid — 
we get the formula U.,( !().,, and it is this sub- 
stance to which the name of carbfjuic acid 
should properly bo confined. This substaruH^ i.s 
not a mere chemical fiction ; it has a real 
existence, though it is very unstable. If carbon 
dioxide be dissolved in water, we find that this 
substance is }>rescnt. In the first place, such 
wafer has a very faintly acid taste — the taste 
of soda-water ; in the second place, it is like 
an acad in its action on litmus paper. 

Litmus. Litmus is a vegetable sub.stanee 
which is prepared from (iortain liehens, and 
acts as an extremely delicate tost for the pn^senee 
of acids and alkalies. A solution of it in water, 
(‘arefiilly prejiared so that not a trace of free 
alkali or free acid is present, has a violet colour, 
and blotting-paper may be impregnated with it. 
If, now, such litmus ])aper, as it is called, be 
expo.secl to the faintest trace of free acid, it 
immediately turns red ; but if to the faintest 
trace of free alkali, it iiniiicdiatcly turns blue. 

Carbon Dioxide. We are entitled to 
conclude, then, that the solution of carbon 
dioxide in water is more tlian a mere solution, 
and includes a true acid, TT,L().^, to which, if 
we weie to be strict, we should have to confine 
the name of carbonic acid ; but as soon as tlio 
water is heated the ai^id is broken up, and carbon 
dioxide, or carbonic; anhydride — we now' sc;*; the 
reasem for the name - is given off. The union 
is, in fact, a very unstable; one*. 

This most important substance is a colourless 
gas, all but free from smell and taste, and is 
normally ])roduced by the complete oxidation 
of carbon. ’^Fliis is true, whether the carbon 
be coal in the fireplace, or carbon combined in 
living (issues. Every visible living tiling, from 
microbe u]) to man, incessantly ])roduces carbon 
dioxide as the eonsecpiencc of its life. The gas 
is found in coal-mines also, and as it will not 
support life it constitutes a source of great 
danger to the miner, who calls it rhoke-dartip. 
It is also produced in mines as the* result of 
explosioiLs of another gas called fire-damp, and 
then the coal-miner calls it ajter-duynp. The 
gas is heavier than air, and thus accumulates in 
the lowest parts of fjoal-mines, old wells, and 
the like. The most convenient test for ascer- 
taining whether it is safe to descend a well, for 
instance, consists in lowering a iighteil candle 
and seeing W’ hot her it \\ ill continue to burn in the 
atmosphere of the well It w ill, of course, be at 
once extinguished if plunged into an atmosphere 
of carbon dioxide. Upon the weight of caerbon 
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dioxide depends the singularly brutal form of 
soiontific experiment which is performed, or used 
to bo performed, at the Grotto del Cane, in 
Italy, where a layer of carbonic acid lies upon 
the floor of the cave. Thus, human beings can 
walk in with impunity, but dogs which are 
completely immersed in the carbonic acid 
promptly succumb. Hence the name of the 
place. 

Carbon dioxide is produced when we heat or 
otherwise decompose a carbonate. This was 
the famous (ixperiment of Joseph Black, whom 
we mentioned in our second chapter. lie heated 
chalk, Mdiich wg now know to consist of calcium 
carbonate, or carbonate of lime (CaCO.j), and 
showed that it was converted into quicklime 
whilst losing an “ air ” which had formerly been 
“ fixed ” in it. This ho therefore called “ fixed 
air.” We now know that it is carbon dioxide, 
and we are able to write the simple equation 
which represents the decomposition : 

CaCO., --- CaO + (X). 

Precisely the same thing happens when a car- 
bonate, such as carbonate of soda, is treated 
wdth a strong acid. The acid takes to itself the 
base of the carbonate, w'hich in this case is 
sodium, and turns out carbonic acid, which 
immediately shows itself in the form of bubbles 
of gas. 

Carbonic Acid and the Air. Car- 
bonic acid occurs as a constant constituent of 
the atmosphere, to (he extent of about -(M-XX) 
per cent. This latter quantity is regarded by 
hygienists as about the limit which should be 
set to the amount of this gas p(*rmitted to occur 
in inhabited air; at any rate, the “physiological 
amount,” as it may be called, should barely 
exceed 'Ofi per cent. The prcstuico of green 
plants is important in modifying the percentage 
of carbon dioxide in air. Flowers and plants 
are beneficial in a room in daylight, for they 
reduce the amount of carbonic acid in the air 
by means of the process which was briefiy 
mentioned when we were discussing iron and 
chlorophyll ; but at night they are powerless. 
Day and night, like every other living thing, 
plants breathe, taking in oxygen, giving out 
carbonic acid, and thus tending to vitiate the 
air. Under the infiuonco of sunlight this familiar 
process is more than neutralised, so far as we 
are concerned, by the conviTse process, but at 
night the plant continues to breathe and consume 
the air, whereas its salutary function ceased at 
flundowii. 1'herefore remove all plants and 
ilowers from a bed-room at night. The simul- 
taneous performance of two (*xactly opposite 
functions in the daytime is perhaps rather con- 
fusing. At any rate, our case is simple enough. 
Day and night we simply add to the carbonic 
acid in the air, nor can we regain the valuable 
carbon surrendered therAo, except through the 
mediation of the plant. 

Supposed Accumulation of Car- 
bonic Acid. Now, if we picturfe the entire 
surface of the earth, on which man is so rapidly 
increasing, and if we consider that every living 
thing is incessantly producing carbonic acid 
during its life, whilst the same gas is evolved 
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from its remains after its ‘‘death, it may seem 
probable that at length all the oxygen of the 
air will be used up and replaced by carbonic 
acid. The reverse action performed by the 
green plant in daylight could delay this accu- 
mulation, but could not arrest it. Thus the 
imagination has pictured the last survivor of 
the human race as gasping for air somewhere 
on the side of Mount Everest ; while his fellow 
beings, both animal and vegetable, lay drowned 
beneath him in the rising soa of carbonic acid. 
But there has now been discovered a compen- 
satory process. Wo have reason to believe that 
the percentage of carbonic acid in the air is 
practically constant everywhere, and at all times. 
'I’his is a very fortunate circumstance, for our 
breathing entirely depends for its success upon 
the presence of a proper percentage of oxygon 
and a small enough percentage of carbonic acid 
in the respired air. 

The Sea to the Rescue. There is 
every reason to believe that it is the sea whicli 
contnds and keeps constant the amount of 
carbonic acid in the air. Sea-water contains a 
varying proportion of the carbonate and the 
l>icarbonate of magnesium, the latter salt con- 
taining tw’ice as mucli carbonic acid as the 
former. Xf)w, the pronorfion of carbona^' to 
bicarbonate varies with the percentage of car 
bonic acid in the air above the sea. When 
tliat percentage tends to rise, what is called the 
))(idial pi'essnre of (bo carbonic acid in the air 
also tends to rise, and tlie result of raising this 
pressure is to drive the excc'ss of carbonic acid 
into the carbonate of magnesium in tlm sea- 
water, turning it into bicarbonate. If, on the 
contrary, there be, let us say, a large forest near 
Ou' sea, which temds to reduce the amount of 
carbonic acid in the air and so to lower its partial 
pressure, some of the bicarbonate of magnesium 
in the sea-water is decomposed into carbonate 
and carbonic acid, which latter is given back to 
the air, the balance being thus n'stored. Thus, 
in accordance with the law's of what modern 
physical chemistry calls dissociation^ there is an 
aut6mfUic arrangement for regulating and keep- 
ing constant the amount of atmospheric carbonic 
acid. The fact that tho percentage of carbonic 
acid is so constant in dilTcrent places is easily 
explainiid by the incessant movements of the 
atmosphere. The percentage of this gas in the 
air of a great town certainly rises during tho 
day, but w'hcn the fires go out the wind is soon 
able to restore tho original state of things. This 
is one of the reasons why night air, despite the 
popular prejudice against it, is healthier than 
day air. 

Solid Carbonic Acid?* We have heard 
much lately about liquid air and even liquid 
hydrogen. We also know that Sir James Dewar 
has succeeded in even solidifying both air and 
hydrogen. The first gas to be solidified by tho 
chemist was carbonic acid ; by the application of 
sufficient cold and pressure it may be readily 
obtained as a substance wdiich has all the 
appearanftes of snow. It is not too cold to be 
held for a short time in the hand when it is 
in this soh'd condition. 
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Elements Allied to Carbon. The list 
of elements which have certain resemblances to 
carbon includes silicon, tin, lead, all of con- 
siderable importance, and three rare elements, 
tUaniifrn, zirconium^ and thorium, only the hist 
of which is of any practical importance. It is 
the essential (H^nsiituent of gas-mantles for in- 
candescent lighting. 

Silicon, as we have already seen, is exceed- 
ingly abundant in combincation, but it is never 
found in the free state in Nature. It may be 
(extracted from its double tluoiide i\ith potassium 
by means of metaUi(; sodium, and then is obtained 
as a brown powder. But- it may also be obtained 
in black six-sided plates, and therefore presents 
us with another illuslration of allotrojw. It is 
obtained in its crystalline form by dissolving 
the amorf)hous powtha- in molten zinc, and then 
allowing the solution to* cool. 

One atom of silicon combines with two of 
oxygen to form tlie very abundant coinjiound 
silica, wliich has tlu* formula SiO.^. Like<‘arbon, 
silicon combines with hydrogen to form a gaseous 
compound, and many of the carbon compounds 
can be paralleled by similar compounds, which 
dilTer only in containing caibon instead of 
silicon. Just as we have carbonates, the 
foundation of which is ( ()o, so there are silicates, 
the basis of which is Si()M. Glass consists 
entirely of silicates, the nature of the base vary- 
ing in different kinds of glonss. 

The silicate of sodium, which has the formula 
Na^SiO.j — compare the carbonate of sodium, 
Na.jCO., - goes by the name of water-glass, and 
is used in solution for the purpose of making 
wood and other substances Hreproof. For a full 
discussion of the important substance olass 
the reader is refcrnMl to the special st'ction 
dealing with that subject [see Manufacjturk.s]. 

Here wc need only note that Sir William 
Oookes, the new President of the Royal Society, 
has just completed some invaluable experiments 
w ith glass of varying chemical composit ion, which 
have enabled him to ])rovide lenses for workers 
with glowing iron, etc., that will protect their 
eyes from the destruction of health and produc- 
tion of cataract, w hich is so common at present. 
Meanwhile, the latest news is that the men 
decline to bo bothered with these glasses. 

Tin. Tin occurs in Nature in the form of 
its oxide, w'hich is called tinstone and has the 
formula SnO.^, It occurs in Cornwall, as tlie 
ancients seem to have known, and also in 
Australia and Mexico. (See Mktai.s.] Tin 
forms two scrit^s of salts, the stannous and the 
stannic, the meaning of which terminations was 
explained in our consideration of iron. The stan- 
nous chloride has the formula SnC'l.j, and is 
known as salts of tin. It is used in dyeing and 
other trades. Stannic chloride has the formula 
^n(Mj, and is also used in dyeing. 

One of the most useful properties of tin is its 
power of forming alloys w^ith other metals. Tin 
and Ictid form pewter and various other sub- 
stances, such as solder and Britannia metal. 
Tin combined with copper also yields bronze, 
and what is called speculum metal, which is 


capable of taking a high polish, that renders it 
valuable in o])1ical instruments. 'Fhe (diic'f use 
of tin is in the making of tin-plates. 

Lead* Lead is an importivnt metal (o 
which lat('ly new theoretical int(*r(‘st has been 
attached, sinct^ there is actually reason to 
sujjpose, as hsis been lu’idly nu'ntioned, that it 
represents the last stage of the atoiuk^ cvoliftio?], 
an earlier stage' of which is rcprcs('nt(‘d by 
radium. 'Fhc most im|)ortant on* of lead is sul- 
pliiilc, the common name of which is galena. 
I Sec ]\Ieta ls, page* 14.^.'>. | ( ‘om rnercial lead almost 
always contains a small pr()})ortion of silver, 
which is now^ ('xtracti'd. Wh(*n pure, tin* metal 
is v(*ry soft, yu'lding even to tlur lingcr-nail. 

Lead is not attacked at all by dry air, but it is 
soon (lulled by moist air, owing to the formation of 
an oxid(‘. [.^*a(l, {>f (“oursi*, is very largely UH(‘d for 
the making of pijH's and cist(‘rns, and it is a niattcT 
of im[)ortanc(^ to know^ the conditions uiidi*!’ 
wdiich such l(‘a(l will be dissolved and carried 
away in wal(*r which may subsc((ucntly be drunk. 
( oinparativ(‘ly large single dos(‘s of the salts of 
this metal may lx* taken with entire in)puiiity. 

Thus, acute lead poisoning is one of the rarest 
of occurrences, but the minutest quantities con- 
tained in water whicdi is drunk for a long period 
may giv(' )*ise to chronic poisoning, which is 
unfortunat('ly still (‘xtx'cdingly common, and very 
often fatal. Ghroiiic h*a(l poisoning also arises 
from c arcl(‘ssness, and often in spiU* of every care, 
on th(‘ i)art- of work(‘rs in lead. The most im- 
portant precaut ion w hich these workers ran take 
is that of scrii])ulousIy w’ashing the hands befon* 
(niting. J^'or ol)vi()us reasons, lead ])()isoning is 
frc(jU(‘ntly r(‘f('rn‘d to its “ painter’s colic.” The 
carbonate of k'ud (PhCO.i, wdiitt^ lead) is still 
unfortunately one of thi; commonest of pigments. 

The Action of Water on Lead. L(it us 
now canJuIIy iiujuirc into the conditions which 
determine the action of w^at-er on h'ad pipes and 
cisterns. Hard W’at(*r, as it is called, will m^ver 
caus(' lead j)oisoning, bccaust^ it is incapable of 
dissolving any lead from tlui .*<urfacos with which 
It coim^s in contact. Hard water always contains 
free calcium carbunat(^ or calcium sulphate, as 
wx* saw' in a previous chapter. It is only in the cas(^ 
of soft watta* that any danger of chronic lead 
poisoning through the water supply is to lx* 
anticipated. 8uch water usually (.‘ontains certain 
organic acids which arc dcriv(*(I from the soil, 
and may lx> conv(‘niently iiiclud(*d und(‘r the 
geiwral term of humic acid — from the ].(atin 
humus, the soil. These acids are capable of 
dissolving lead from pi[)os or eistt'rns, and thus 
giving rise to lead poisoning. Soft wat(‘r is t hus a 
source of constant danger if ustxl for drinking. 

The chief oxide of lead is known as litharge, 
which has the formula PbO. Another oxide, 
Pb.. 04 , is known as red lead, and is a scarlet 
>owxlcr, which may be obtained by heating 
itharge. It is usL'd as a pigm(*nt, aaid in making 
flint glass. •When acetic acid tnls upon litharge 
we obtain a white j)owder, which is the acetate, 
and which, owing to its sweet taste, is known as 
sugar of lead. It has some small uses in medicine 
for external application only. 

vm 
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The Nitrogen Group of Elements. 

We must now pass to an important group 
of five elements — namely, nitrogen, 'phosphorus, 
arsenic, antiimny, and bismuth. Not only do 
these form a distinct group from the chemical 
point of view, utterly diverse though they are 
m ph3r8ical characters, but they also form a 
recognisable group in the resemblance between 
their respective actions upon the human body. 
Much the most important of these elements 
IS nitrogen, wliich constitutes about four-tifths 
of the air, and which must be dealt with in detail. 

Nitrogen. Nitrogen is a colourless, odour- 
less gas. Wo inhale it with every breath. It 
may bo obtained in a relatively pure state by 
several means. For instance, if we pass a current 
of air through a glass tube tilled with red-hot 
copper, the copper keeps the oxygen while the 
nitrogen passes on ; or we may turn out nitrogen 
from one of its most familiar compounds, 
ammonia, by means of chlorine. Ammonia has 
the formula NII.j, and if we pass a current of 
chlorine through a strong solution of ammonia, 
the hydrogen combines with the chlorine to 
form hydrochloric acid, HCl ; whilst the nitrogen 
escapes, and may easily be collected. Other pro- 
cesses also permit of the collection of this element 
in a pure state from the compounds known as 
nitrates, which occur abundantly in many parts 
of the earth. Nitrogen may also be obtained 
from the complicated organic l)odies calltMl 
proteins. This element is a constituent of proto- 
. plasm — the physical basis of life- and then'foro 
occurs in every visible living thing, animal or 
vegetable, high or low. In marked contrast to its 
partner oxygen, nitrogen is a very inert sub- 
stance, having little tendency to combine with 
other elements. It is scarcely necessary to say 
that it does not support life or ( ombustion. Its 
moat useful role in the atmosphere, according to 
our present knowledge, is that of diluting the 
oxygen. Nitrogen is peculiarly insoluble in 
water. Under suitable conditions it can be burnt 
or combined with oxygen. Such union occurs 
as the result of passing an electric spark through 
the air, and thus — owing to the electrical con- 
ditions of the atmosphere, the passage of 
lightning, and so forth — small proportions of these 
compounds are found in the atmosphere. The 
oxides of nitrogen are no less than five in 
number — as we said in a previous chapter — but 
of these only one need 1^ further discussed here, 
and that is known as nitrous oxide, having tht 
formula N.^O. Popularly, it is called laughing-gas, 
and it is of historic interest as the first substance 
used for the production of general anassthesia for 
surgical operations. Its property depends upon 
its behaviour in relation to tho haemoglobin of 
the blood, with which it forms a loose com- 
pound. It is probable that no single case of 
death directly attributaide to its use can be 
recorded. It has a faint odour, with which 
the reader is very likely familiar. Very different 
is the odour of some of the higher oxides of 
nitrogen, which cause extreme discomfort and 
choking. 

Phosphorus. This element and the succeed- 
ing tw(i in this group, arsenic and antimony, 
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are often known as metalloids, since they have 
at least some of the properties which we usually 
associate with metals. Tliere is no free phos- 
phorus in Nature, but the element is found in 
many rocks and minerals, besides being the 
necessary ingredient of all but the very lowliest 
forms of protoplasm or living matter. The ele- 
ment is usually obtained by distilling phosphoric 
acid (which has tho forniula H;yP04 ) with carbon. 
When this mixture is heated to whiteness the 
phosphorus distils over, and is collected in warm 
water. The manufacture is not easy, for the 
element is very ready to unite with oxygon, 
and burns, forming offensive and dangerous 
white fumes ; thus the clement has to be pre- 
served under water. ^If any moisture be present, 
phosphorus is phosphorescent, or luminous, in 
tho dark, the cause of this phenomenon being 
the slow oxidation which occurs on its surface. 
This ordinary, or yellow phosphorus occurs in 
eight-sided crystals ; but wo have here another 
case of allotropy, for if ordinary phosphorus bo 
heated beyond a certain temperature in a closed 
vessel, or be heated in a tube with a small 
quantity of iodine, it is converted into another 
form called red phosphorus, usually called 
amorphous phosphorus, since it is usually non- 
crystalline. Rod {)ho8phorus is not luminous in 
the dark, since it is not oxidised at ordinary 
temperatures ; it does not catch fire at low 
temperatun's, it is exceedingly insoluble, and in 
consequence it is quite non-poisonoiis, whereas 
ordinary phosphorus is a very dangerous poison, 
the limit of safety for a medicinal dose being 
estimated at about one-twentieth of a grain. The 
most important eommcuTial use of pliosphorus 
is in the manufacture of matches, the chief value 
of the element in this connection lying in the 
fact that it cateh(‘s lire at low temperatures. The 
ordinary match has phosphorus on its tip ; in 
the case of the safety-match phosphorus is 
placed on tho box. Recent inquiries seem to 
show that phosphorus may be obtained In a 
lion-poisonous form which is quite efficient for 
all the purposes of matches. As very substantial 
danger is attached to the manufacture of matclu's 
in which ordinary phosphorus is employed, it is 
to be hoped that the manufacture of such 
matches, being superfluous, will entirely cease. 

The Oxides of Phosphorus. Phosphorus 
forms two oxides, which have the respective 
formulas PoO.j and PoOr,. Like COg. Goch of 
these is an anhydride of an acid. We need 
not hero go into details of the various acids 
compounded of hydrogen, phosphorus, and 
oxygen. Hypophosphorous acid most people 
have heard of by implication, since its salts — tho 
hypophosphites — have a probsbly illusory repu- 
tation as tonics. The most important acid is 
known os phosphoric acid, and has the formula 
already stated. Its anhydride is P2O5, which 
has a great affinity for water, and is used in 
chemistry for the purpose of removing the last 
traces of water from substances which are 
required to be absolutely dry. The reader may 
bo puzzled as to how it is that the anhydride of 
the acid contains more atoms of oxygen than tho 
acid itself, which certainly looks absurd. In 
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order to solve this difficulty, we must double the 
formula of phosphoric R(‘id, so tliat it rt‘ads 
If from this we take three molecules 
of water, we find that we have P.jOg left, accord- 
ing to the ecpiation 

The most im])ortant salt of ])hosphorio acid is 
one of the calcium salts. This })hosphate of limt^ 
is an essential constituent of ]dants, and it is 
absolutely n(‘(!CssarY to add it to the soil by one 
means or another if it is expected to have a 
cont inuance of good crops. 

Arsenic. This element is occasionally 
found in the uncomlnned states, but more usually 
in the form of a sul])hide, often in combination 
with sulphide of iron. It is most commonly 
])repared from the mineral known as itnspirlrJ^ 
which is a coml)ination of thcs<‘ two sulphide s. 
When this on', is heated in earthen vessels, the 
arsenic comes over in a gaseous state*, and can h(‘ 
condensed. Arsenic do(‘s not occur in t he li(piid 
state, but passes din'ctly from the gaseous to the 
.‘olid stat<‘. It is a st<‘(‘lish-gr(‘y solid, and is 
another exam])lc of allotioj^y. If formed by 
slow condensation, it has a uK'tallic lustre, and is 
crystalline. If ra]jidly condensed on a cold sur- 
face, it occurs as a black, amorphous substance. 

The rcNison why arsenic docs not licpiefy is that, 
under ordinary conditions, its boiling ])oint is 
at a lower temperature than its im'ltiiig [)oinl. 
But if th(* atmospheric pressure be raised, the 
boiling })oint is raised abovc^ the melting j)oint, 
and tlum the element may be lic|ucticd. Arsenic 
is used in the? numufacture. of shot, as it makes 
the l('ad harder, and also makes it. mon* readily 
assuim? a spheiical shape as it droj>s through the 
air, which is the process by which shot is made. 
Ars(‘nic is very largely used in mcdicim^ in very 
minute dosi's, and there are certain conditions of 
the skin and oth(*r organs in which it is valuable. 

The great student of drugs, Ibnz, of Bonn, in 
(Germany, has suggested that it ow(*s its virtiu's 
to the property of carrying oxygen from the 
blood to the tissues. The drug aceumulat(‘s in 
the body, however, and must not be given c<vit in- 
uously. In large doses, and in chronic ])oisoning, 
arsenic causes a series of toxic symptoms, which 
resemble those caused by [)hosphorus, its 
predcc(‘.ssor in the periodic group, and by 
antimony, its successor. 

Antimony. This element is, ])erha])s, 
more closely allied to the metals than its pre- 
decessors, It occurs in Nature in tlio form of the 
sulphide, which has tlie formula S1)._,S;.. Ihirc 
antimony can readily be obtained from the sul- 
phide by heating this ore with scrajviron, which 
combines with tlic sulphur, while th<^ antimony 
melts and may be collected from the bottom 
of the vessel in wliicb the operat ion is conducted. 
This element is brittle, bluish -white, and crystal- 
line, and melts at the comparat ively low tempera- 
ture of about 450*^ C. It is only acted upon by air 
when heated, and tlion forms the trioxidc, which 
has the formula SbjjO^, corresponding to that 
of the sul])hide. Alloyed with lead, antimony goes 
to form type-metal. Alloyed with lead and tin, it 
forms Britannia metal 


The introduction of this drug into me<licin<‘ is 
usually attributed to Paracelsus, and the story 
goes — but A\e give it only for what it is worth — 
that the derivation of tin? name de])ends uj)on a 
certain oceasion when he took the opportunity of 
experimenting with this drug on a community of 
monks, who were wry much disturbed by its 
unpleasant pro|)(‘rti(‘s. Hence tin; name 
against, and moine. the Frctich for monk. This 
eieimmt is now no longta* employed in rational 
tlierapentics-- except tliat certain organic com- 
biirations of it (like salvaisan, an organic 
compoinid of arsenic) are now being ex[)cri- 
mented witli. It has a direct antagonism to 
living matter, and is thus ranked, tog(‘lhcr with 
some other substances, such as prussic acid, as 
a protoplasmic poison. Its most diaractcrlstic 
action uj)on thi‘ human body is as an emetic, 
and its most familiar salt is tlic compound with 
tartaric acid, wbicli is known as tartar-emetic. 

Bismuth. \\V have* bc(*n dealing with those 
substances in tin* ordc'r of their atomic weight. 
Bismut li is v(‘ry lu'avy, its atomic weight being no 
less than 208. It is ])re])ared from its snlphidi^ 
in a similar fashion to antimony. This salt, 
oecnrs in (‘ornwall, while the metal is found 
native in Saxony. It is of some use in the forma- 
tion of alloys, for when mix('d wit h load and tin, 
and sonu'tinu's with (‘admium, it forms an alloy 
Avliich imlts consid(‘rably below tin* temperature 
of boiling water, and (‘xpands when it solidities. 
'J'his is known as fusible metal. 

Bismut li forms a couple of oxid(‘s BiO., and 
Bi()., and from theses th(‘re may be formed 
salts which arc* of no particular importance. 
Two salts of bismuth, liovvcv(‘r, of no particular 
interest to tlic chemist, an* largc'ly ns(*d in 
medicine. Tlu'si* arc* the carbonate and the 
subnitrat(‘, of which tin* latter is much the 
more im|>ortant. In the treatment of certain 
alTcctions of 1 Im‘ alimentary canal, the sidiiiitratc 
has no (Mpial. It owes its medicinal properties 
partly to its weight, and its consistence, but 
cbictly to the fact that it gives otT minute (quan- 
tities of nitric acid just wlicrc they ar(3 wanted, 
and is thus indirectly a saf(^ but qmvvcrful anti- 
S('])tic. (’ommcrcial bismuth used to contain 
arsenic, and may also contain traces of the rare 
metals selenium and tellurium. 

Most pharmacopoeias contain a large number 
of j)r('])a rati (JUS of bismuth, including a number 
of li(|uid prc])arations, which arc su))j»oscd to 
act mon* (piickly ; but, as a matt(T of fact, these 
li(piid preparations umh'rgo chang(‘ immediately 
aftcT they are swallowed, insoluble salts of bi.s- 
inuth being at once tbrowm down, ot precipitated. 
as chemists say. 

We ai)})ear to have gone very far ind('(Ml from 
nitrogen, w'hicli was tlu^ Hrst nuanbor of this 
grou}) ; nevertheless, l^lie further we study the 
chemical and qiliysical and physiological pro* 
jK'rtics of these live elciiuaits, tlie more wo an^ 
convinced tbat there must he a niation between 
them, the nature of which can be guessed in 
sonic nieasuro by those who have studied the 
previous (diaptcrs of this course. 

C. W. SALKEBY 
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The Goths .and the Huns. The Rise of the Franks. The 
Supplanting of the Roman State by the Romish Church 

THE MIDDLE AGES IN THE WEST 


W HEN Constantine the Great died, the 
Roman world was theoretically Chris- 
tian, so far at least that the state encouraged 
Christianity and discotiraged, without per- 
secuting, paganism. Society ])rofessed 
Christianity. An unsuccessful attempt 
was made i)y one of his successors, inliap ^ 
called the Apostate, to revive the worshii) 
of the old pagan go^ls in the liglil of Grei'k 
philosophy, but the attempt was a 
failure. Till almost the end of the cen- 
tury the Roman world was ruled by a 
single emperor, who had his head(|uarters 
at Constantinople. There were no more 
vTolerit clianges of succession (Tfected by 
successful g(mera]s, thoiigli there were 
attempts in that direction. 

But this state of. things ended with the 
last vigorous single ruler, Theodosius, who 
c I i(',d in ]C )^ . Eve n Ix' fore 1 1 1 atT oho 'm il i 1 a ry 
leader after another in Gaul and in Britain 
had attempted to seize the empire, and 
set up an independent dominion, and in 
the course of thes(‘ struggles Britain had 
been almost denuded of the Roman legions. 
Meanwhile, the Teutonic triV)es were press- . 
ing more heavily than ever upon the 
borders. I'he Gotlis had crossed th(‘ 
Danube, and the Allemanni were pressing 
upon the Rhine. 

When Theodosius died, the cm])iic was 
parted between hi.^ two sons — Honorius in 
the west, and Arcadius in the ‘east? "The 
f (joth^ under ‘their great leader Al ^i c, 
(iTverfed their attack from the ea^ferfi 
peninsula to Italy, but were for some time 
held in check b}^ the gfeat general Stilicho^ 
liimself a Teuton of the Vandal' "trilies 
; akin to the Goths. I'he Vandals them- 
selves burst over Gaul, aiTd '"e^iblished 
themselves in vSpain, where their name .still 
survives in that of Andalusia. Stilicho fell 
under suspicion of treason, and was put 
to death by Honorius ; then xMaric fell 
upon Italy, marched up(>n Rcmie, captured 
it, and sacked it, Hf)norius having re- 
treated to thenceforth the real 

headquarters dniie emi)er()rs in the west. 

s ack of RQ.l Xl£„ Jn 4,1 0 was the hrst 
since TfirXauis had sacked it almost 
exactly eight hundred years before. The 


Gollis and Vandals, it may be remarked, 
had nominally ado])ted Christianity, not 
in its orthodox form, but in the form 
known as Arianism, whicli virtually re- 
jt'Cted tJie divinity of Christ. 

xMaric th(‘ conqueror did not, however, 
choose to make himself empi'ror ; the might 
of the Roman empire was still so impres- 
sive that he j)rt‘ferred to call himself the 
Commander of the Roman armies in the 
emperor’s service. Almost immediately 
after the sack of Rome he died, and his 
successor, Athaulf, led the (ioths out of 
Italy into Gahrand Spain, where they sed 
up what is called the Visi^(^lug^/)r West 
(h)thic dominion. In tHT cmirsc of time 
they drove the Vandals out of Spain into 
Africa, where a Vandal kingdom was set 
up, .^till professing (obedience to the 
Roman emjK'ror. 

Toward the middle of the fifth century 
new foes appeared. These were the Huns, tf 
a xMongolian or Tartar race from (TiTOM 
xAsia, who under tlieir mighty leader, 
AtUJau hrst establislu'd themsi'K'es in Ilun- 
l^fy (a name, however, wliicli has no 
connection with “ Hun ”) ; then devastated 
all ('entral Europe, and burst into Gaul, 
where tliey were linally checked in a great 
battU*, at Chalons by tlu' combined forces 
of tlu; Roman general /Ivetins and the chief 
of the Visigoths, Tlu; barbarian tide- -for 
the Huns were complete barliarians, un- 
like the (ioths. who had absorbed much of 
the Roman culture— fell back, and after 
the death of their great leader Attila 
rolled away again altogether. 

Long before this the last of the Roman 
legions had departed from Britain to take 
part in the last attempts of pretenders to 
the imperial throne. About the middle of 
the fifth century lx‘gan the imasions of 
the British shores by the northern Teu- 
tonic tribes, Ang[ y ^ and Saxons, who hu* 
more than a century pasLliad" been in- 
festing the North Sea. Another great 
group of German tril)es, the i 

establislied themselves on tlie lower Rhine, 
in the north-east of (iaiil. The so-called 
Rornan armies in Ital}’ itsi‘11 were mostly 
composed of German mercenary soldiers 
gathered from every tribe. 


THIS GROUP TELLS THE STORY OF THE WORLD FOR TEN THOUSAND YEARS 
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At last in 470 a captain of the German troops 
in Italy, named deposed the western 

emperor, and made himself master of Italy, 
while proh^ssing himself the officer and the loyal 
subject of the eastern emperor at f Constantinople, 
Zeno. Through all these years Italy had been in 
asiale of chaos ; at one time a Vandal fleet had 
entered the Tiber, and Rome had again been 
sacked. Odoac(‘r restored the reign of order 
and law. But, in the meantime, one great 
division of the Goths had for a long time remained 
in its old quarters beyond the Danube. Latterly 
these Ostrogoths, or Eastern Goths, had passed 
over tKeTSnuB’e into the eastern empire, and 
now the eastern eniptu'or, by no means satisfied 
with the doings of Odoacer, sought to get rid 
of them by turning the attention of their chief, 
the great Thcoderic, to Italy. The whole people 


west of the broad sickle of the Loire. The East 
Goths, or Ostrogoths, ruled Italy and Sicily, as 
well as Germany up to the frontier of the Danube. 
Their king, ^^heoderiCt was in many respects the 
wisest, strongest, ^aiid most enlightened of all 
the barbarian rulers, and honestly strove to blond 
as much as possible the culture of the old Greek 
and Roman world w'ith the rough strength and 
energy of his Gothic countrymen. 

Other Teutonic states were those of the Bur- 
gundians in the valley of the Rhone, of the 
Vandals along the northern coast of Africa, and 
cf the Suevi in the region now called Portugal. 

The Christianising of the Franks. All 
f f these kingdoms were drawn together not only 
ly a consciousness of kindred origin, but also 
by the profession of the same creed, for all had 
been converted to Christianity; but all were 
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of the Ostrogoths, women and children as well 
as fighting men, poured through tho north-eastern 
passes ; Odoacer was defeated and assassinated, 
and at tho close of the century Thcoderic the 
0.strogoth, a great ruler, was master of Italy. 

The Wisest King of the Barbarians. 
In the year 600 the leading states of Western 
lilurope were those which had been founded by 
tho tw'O branches of the great Gothic nation, itself 
in many respects the mc^^t civilised and cultured 
of all the barbarian tribes that luid built their 
home.s amid tho ruins of the Roman Empire. 
The West Goths, or Visigoths, iindfer their king, 
^Alariell., the seventh in 8Ucces.sion from his 
naiS?SH#|&, the ravager of Romo, occupied about 
three-qu£«^er8 of the Spanish Peninsula and the 
whole of that beautiful region of Gaul whicli was 
known Aquitaine, and which lay south and 
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Christians of the Arian type, refusing to accept 
the statement in the Creed of Niojea as to the 
co-equal divinity of Christ with llis Father. 

Ono teutonic nationality, destined to be the 
mightiest of all, remains to be noticed. Along 
the mouths of the Rhine and the Meuse, in the 
flat expanses of Champagne ^d Lorraine, and on 
the left bank of the middle Rhine, clustered the 
two great divisions of the Frankish nation, tin* 
ISalian and Bi})uarian Franks. These fierce 
wieldcrs of the battle-axoTHBBffied heathen long 
after most of their fcllow-Teutons had accepted 
tho message of Clirktianity ; but four years 
before our story begins, theii^ brisk young king. 
Chlodwig, or Clovis, embraced the faith of his 
Oin^lllkn W (loxildc, and at his bidding the 
majority of his subjects embraced it likewise. A 
fact of immense importance for the future his* 
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tory of Gaul and of Europe was that the Chris- 
tianity which won his allegiance was not of the 
Arian but of the Trinitarian or Catholic ty^jc. 

This secured for him the hearty goodwill of 
the Catholic clergy, and througl^ them of the 
subject Romanised population throughout the 
whole of Western 
Europe, and was 
doubtless one cause 
of the rapid exten- 
sion of the Frankish 
kingdom. In the 
your 607, with th<i 
words, “ I cannot 
endure that these 
Arians should hold 
so large a part of 
Gaul,” he chal- 
lenged the Visigo- 
thio king to battle, 
and defeated and 
slew him on the 
plains of Poitiers . 

The Visigotmc mo- 
narchy lived on for 
a few centuries 
longer, south of the 
Pyrenees, and even 
extended its bor- 
ders in 587 by the 
conquest of* the 
Suevi, but, save for 
a narrow strip of 
territory, called 
8 cptimania, situ- 
ated on the west 
coast of the Gulf of 
L 3 ^ons, its grasp 
on Gaul was com- 
pletely gone. 

Clovis and 
Ilis Successors. 

Clovis died, a 
middle-aged man, 
in the year 611, but 
his sons continued 
his policy of profit- 
able religious war- 
fare, and after some 
campaigns, con- 
ducted with varying 
success, finally 
J^dded the fruitful 
provinces of Bur- 
gundy to the 
Frankish kingdom, 
which now included 
the whole of modem 
F ranee — save for 
the little strip of 
Septimanian terri- 
tory—and also the Netherlands, the Rhiiielands, 
and an indefinable extent of country beyond the 
Rhine. It was certainly in the six hundreds 
and seven hundreds (seventh and eighth cen- 
turies) the most powerful of all the barbarian 
kingdoms, but was weakened by the perpetual 
and, to a Jiistorian, most irritating partitions of 
Ic Dn 


the empire between the always jealous and often 
actively hostile members of the Royal Family 
— surnamed Merovingian, from Merovech, the 
fabled son of a sea-god and grandfather of Clovis. 

Changes in Religious Belief. Another 
source of weakness was the rapid demoralisation 
of the kings, whoso 
constitutions were 
ruined by sensual 
indulgence, and 
who generally died 
before middle life, 
worn out by their 
vices. Thus, then, 
before the middle 
of the five hun- 
dreds two of the 
Arian kingdoms, 
the Burgundian and 
the Suevie, had 
been ovcutlirown, 
and a third, the 
Visigothie, had been 
shorn of much of its 
strength. And be- 
fore the five hun- 
dreds had run their 
course it, too, was 
lost to the Arian 
cause, not by con- 
qu(?st, bub by eon* 
version. In 687, 
Rtioared, the Visi- 
gothic king, who is 
believed by some to 
have hec'n the first 
promulgator of the 
so-called Athana- 
sian Creed, formally 
renounced Arian - 
ism, and the vast 
majority of his sub- 
jects made haste 
to follow his 
example. 

Rome a Crip- 
pled Empire. 
While these events 
were hai)pening in 
the west, the cause 
of Teutonic Arian- 
ism in Italy was 
sustaining deadly 
blows at the hands 
of an antagonist 
wliom it had too 
lightly valued ““the 
by no means elTete 
though crippled Ro- 
man Rinpirc. 1 'ho 
wise and states- 
manlike Theoderic, king of the Osf rogotlis, died 
in 52fi, his last 3 'ears having been clouded by 
rumours of xjonspiracy and sedition which hud 
seduced him, naturally oiw*- of the most tolerant 
of rulers, into {wrsceution of his Catholic subjects. 
A minority and a female regency followed. 
Theoderic’s daughter, Amalasuntha, lost the 
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love of her Gothic warriors by her unwise 
following of Roman fashions ; her son, the lad 
Athalaric, died of the excesses which followed 
on Ids liberation fi*orn her maU*mal strictness. 
Tlie whole fair fabric of Italo-Gothic prosperity 
was shaken, but might perhaps yet have endured 
for gent*rations had not the sceptre of the 
Ryzanfine (-irsars been swayed at this time 
by oiie of fhe most extraordinary of its possessors. 

The Reign of Justinian. 1'he story of 
the nugn of Justinian (G27-r)()5) belongs to 
the eastern em])ire. By his brave and skilful 
general Bejis arius hi^ first ov(‘rthrew the 
Vandal moiifTn^iy iri Africa and then 

successfully assaulted the Ostrogothi(5 dondnion 
in Italy. This last enterprise proved a far 
harder task than he had autici[)afed. Rome was 
taken and retaken three times ; oiure for the 
space of forty days she lay absolut-edy empty of 
inhabitants. The struggle lasted sixteen years, 


from the Bishop of Rome exorcised an enormous 
influence on tho course of political history and 
national development from tho downfall of tho 
Arian kingdoms to the Reformation. 

Rome’s Missionary Enterprise. What 
made this extension of the spiritual sway of 
Rome more memorable was the splendid success 
of tho missionary ojxTations of the greatest of 
Roman pontiffs, (590-604). According 

to the woll-kno^vn story, the sight of some 
handsome Anglian lads exposed for sale in the 
Forum caused him, in 59(1, to send his friend 
Augustine on a mission to the then almost 
forfbttwt and unknown island of Britain. 
Although Christianity of a somewhat different 
type retained its hold on the Keltic population, 
and might even b(j said to flourish in Ireland 
and in the Hebrides, the conversion of our 
stubborn Anglo-Saxon forefathers was not 
altogether an easy process, and, in fact, was not 
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and wore out the noble heart of B<‘lisarius, who 
died, if not in povt'rty, in some measure of 
disgrace. But tin; stubborn ]>atience of «histinian 
was at last rewarded with success. By the 
great victory which his old, wrinkled general 
NargfiS, won amid the jwsses of the Apennines 
o"ver tlic gallant young King Totila the last hope 
of the Ostrogoths was crushed. The remnant 
of that nation eleaml out of Italy in 55.‘1, re- 
erossed tho Alps, and disappf ared from history. 
'Thus, thou, by tiu? middle of f lu^ live hundreds, 
or soon after, the w'hole of that pow(‘rful com- 
bination of peoples which had upheld the 
standard of 'Teutonic Arianism was dissolved. 
Some were exterminated, others were converted, 
and Catholicism was thcBreligion of all, whether 
victors or vanquished. Let it not be thought 
that this was a matter of which only Church 
historians need take notice. Ajiart from all 
questions of theological soundness or unsound- 
ness, the more fact that the whole commonwealth 
of VVestem European nations professed tho same 
creed and took their spiritual word of command 
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rim\)ly accomplished till tho year 686, nearly a 
century after the landing of Augustine. 

The Heroic Age of the Anglo-Saxons. 
ThLs eontury, however, during which the struggles 
between Cliristianity and paganism was still 
going forward, was tho heroic age of the Anglo- 
Saxon nation. Noble (Christian kings, such as 
E dwin , O sAya^l d. and Ogwy , led their people 
upward in the path of *?fniisation.. Even tla? 
obstinate pagan P^ da was not without a strain 
of nobleness in his blood. Laymen and church- 
men alike did more than lip-service to their mnv 
creed ; and a man such as who was barely 

two gemTations removed from heathenism Le 
w^as born about 670--has w^on the abiding vene- 
ration of posterity both as saint and scholar. 

The seven hundreds witnessed a melancholy 
decline in every department of Anglo-Saxon 
life. Murders of kings abounded, scholars w'crc 
scarce, the monasteries became the haunts ol 
the dissolute and the idle, but side by side with 
this decay of religious life at homo there w^as a 
marvellous display of missionary energy abroad. 
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English Missionary Work. Wilfrid, 
Willibrord, Boniface, moved np and down 
through Friefilaiid, Hesse, and Franconia, 
destroying idols and converting their worshippers. 
They were thus preparing the way for the 
addition of these regions beyond tiio Rhine 
to the vast Frankish empire. Tt is hardly too 
I much to say that Cermany owes both her 
I Christianity and her civilisation to the labours 
:of Anglo-Saxon missionaries. 

From the statement previously made as to 
the unity of religious belief in Western Europe, 
two notable exceptions must, for a time, be mad(*. 


greater part of the valley of the Po. Tufw^ny 
was theirs, and most of the country ^on the 
flanks of the Apennines, divided into the two 
great duchies of Spolcto and Benevento. But 
the cit) of Naples, the toe and heel of Italy, the 
island of Sicily, and — in the north-east corner 
of the land- the all but impregnable 'city of 
Ravenna still owed allegiance to the emperor, 
whose representative, called the exarch (gen(‘r- 
ally a l^yzantinc courtier), ruled all im])crial 
Italy from Ravenna as his capital. Rome was, 
of course, also nominally imperial ; but all 
through these centuries the Popes, who had 
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From the paintinR by P. F. Pooh*. Jl.A., by periuissioa of the Manrhostor Art Gallery. 


They were caused by the arrival of the Lombards 
in Italy and of the Moors in Spain. 

The Pope andC'lke Lombards. Only 
fifteen years after the expulsion of the Ostrogoths 
from Italy, the J.(Om hards, under their ruthless 
leader, Alboin, arriv(;d in the ])eninsula (508). 
An uncoutlT^ind barbarous people, they wove 
for generations a misi'rable sul stitute for the 
almost cultured Ostrogoths, and their religion, 
if they had any, was either Arian Christianity 
or absolute heathenism. Cn'gory the Oreat, 
even while he was planning his campaigns of 
spiritual conquest, was living, as he bitterly 
complained, “ betweeif the swords of tlie 
Lombards,” and the fierce enmity beUveen the 
Papacy and the Lombard kings \va8 not 
appeased oven by the conversion ‘of the latter 
to Catholic Christianity, which was effected 
in a half-hearted, desultory way about a cen- 
tury after their entry into Italy. The conquest 
of Italy by the Lombards was only partial. 
From their capital at Pavia they ruled the 
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many a theological battle with the easicru 
emperor, were showing an increasing tendenev 
to make Rome their own subject city, and to 
rule it indt^pcndently of (Constantinople. 

The Rise of Venice. During the same 
period the little city, or group of cities, amid the 
mud-banks of the Adriatic, which was after- 
wards to he known as Venice, was quiefly 
increasing in wealth and power, holding th(^ 
J.<ombard barbarians at bay and professing 
unbounded loyalty to th^- distant Byzantine 
emperor. Visigothic and Catholic Spain under 
wtmt in the six hundreds a process of rapiil 
decay. It was governed by kings, none of whom 
was able to found an abiding dynasty ; h.v 
national councils, in which the power of the 
b’sbojjs, which directed the forces of the stale 
chiefly to the persecution of Jews and heretics, 
redominated, and by nobles rich and turbulent- 
ut destitute of loyal devotion to their country- 
The old Romanised population, of whom >ve 
hear but little, was probably oppressed an*! 
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downtrodden. Thus, when, in 711, the Sara(K‘n 
conqueroi-s of Africa- -who are generally styled 
Moors , though by no means all of Mauretanian 
TSSlht— crossed the Straits of Gibraltar and 
challenged Rod('ric the king of the Gotha, to a 
light, one obstinately contested batth; — that of 
Xeres de la Frontera- overthrow the whole 
rotten fabric of tlui Visigoth ie state. Save for a 
few n'solute spirits who, under Pelayo, kept the 
standard of the Ooss flying on the mountains of 
Asturias, all Spain was Moorish and Mussulman. 

The Wave of Saracen Conquest. Nor 

did the wave of SafSeciTToncpiest atop with 
the Pyrenees. It flowed over into Gaul, and for 
a time seemed likely to add that country also 
to the emj)ire of the caliphs. Fortunately for 
Europe, Gharles Mart^the virtual ruler of the 
Franks, proved equal" fo the occasion, and in the 
desperately hard-fought battle of Poitiers— 
about seven miles from the modern eiT5% often, 
but incorrectly, called the battle of Tours — 
defeated th(‘> Saracenic (‘inir, Abd^cr-Rahmaii, 
and saved Euroj)e from the MosTein yol\c. It is 
worthy of notice that this battle emphatically 
one of the decisive battles of the world- was 
fought in 7.‘12, exac^tly PMl years after tlu5 death 
V»f Mahomet, “ Propluit of God.” 

Decay of the Merovingians. We havci 
ealled ('hark's Martel “the virtual ruh'r of the 
Franks,” for that, and not crowned king, w^as 
still the position of the members of the Arnulfing 
family, of whi(!h he was the head. For mon^ 
than a. (uuitury the kings of the ]\Ierovingian 
lim^ ha<l been sinking into a stut(‘ of fatuous 
deeliiK'. Young men, for the most ]>art ruiu(‘d 
by dissipation, and seldom surviving their 
thirti<‘th year, they had allow'cd tlu^ reins of 
government to slip from their nerveless hands 
into the strong grasp of the chief minister, who 
was ealled mayor of the palace ; and for three 
generations this fortunate manager of the 
royal business had been chosen from the same 
family, the descendants of the sainted Amulf, 
Bishop of l\letz. 

(liark's x\lart('l, th(^ gn'atest man Avhom the 
family had yt*t produced, and made incomparably 
gix'atcr by his deliverance of Europe from the 
inli<k'l, died in 741, having never formally 
assmued the regal title. His sons, C’arloman 
and Pijipin, from motives of polic^^ thought 
[iroper to rejieat the old comedy, and, drawing 
forth a descendant of Clovis from his seclusion, 
ordered him to reign as Childeric 111. Before 
long, however, (-arloman himself retired into a 
monastery, and Pijipin, sole mayor of the 
jialaoc, feeling his position now secure, addressed 
to Pope Zacharias the suggestive question 
whether it w'as better that the man who had all 
the power of a king or Iks who had only the show 
of sovereignty, should it-ign. The Pope gave 
the answer which the wording of the question 
evidently implied, and, with his high sanction. 
Pippin w'as crowmod and anointed *king by the 
fiSmW' of Boniface, the missionary Bishop of 
Germany, about the year 751. 

The Frankish king was soon able to show grati- 
tudi' by important services to his papal benefactor. 
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In the year 752 the king of the Lombards took 
the long impregnable Ravenna, and the do- 
minion of the eastern emperor in the north of 
Italy came to an end. The triumphant I^ombards 
pressed on toward Rome, and it seemed as if 
that imperial city itself would fall into their 
hands. Sorely pressed, Pope Stephen IJ., the 
successor of Zacharias, uttered plaintive appeals 
to Pijipin for help, and even crossed the Alps 
in the depth of winter to urge his piteous case, 
and to gratify his patron by a second and solemn 
(coronation. In tw^o successive campaigns — 755 
and 751)- Pippin vanquished the T^ombard king, 
and compelk'd him to surrender the territories 
which he had conquered from tho empire — 
known as tho Exarchate and Pentapolis — to tho 
\l^ishop of Rome. Thus w'as laid the foundation 
the temporal lordship of the Popes over the 
;Jjl(‘rritory known until the middle of the nine- 
yteenth century as the “ States of the Church.” 

Charlemagne’s Great Dominions. 

When Pippin died, in 7C8, his tw^o sons, Charles 
and tUrlonuin, succeeded without o}>])(jsition to 
his royal inheritance. Carloman soon died, and 
Cliarles began that career of conquest and 
mipTrini organisation which has deservedly won 
for him tho surname of Great, and has causced 
him to figure in eountkcss po(uns of romance as 
tlu‘ hero Charkunajgne. In th(‘ lii’st six years of 
liis reign he ebnqu(‘r(Hl tho Lombards and added 
the northern half of Italy to his dominions. In a 
long and stubborn conflict, which lasted thirty 
y(‘ars, he subdued tluc barbarous Saxons, who 
dwelt in the modern proviiuce of TTanovor, and 
forec'd them to accept the yoke of (.hristianity 
and civilisation. The yet more barbarous 
Avars, whose' kingdom included at least half of 
modern Aust ria. w(‘r(‘ conquenal before the end 
of the cent iiry ; and the north-eastern corner of 
Spain was also won from the Moors. Thus the 
dominions of Charlemagne included all Europe^ 
west of the l^lbe and the Danube, Italy as far as 
Naples, and Spain as far as the Ebro. Th(‘re 
was no such splendid realm seen again in Europe 
till tlu^ days of tlie E njperor >} apoleon. 

Birth of the Holy Roman Empire. 

On f'hristmas Day, 800, the seal was set on all 
t his glory by the coronation of Charles the Frank 
as Emperor of the Romans, Though for nearly 
four centuries the Roman Empire had been but 
a shadow’ as far as Western Europe was eoii- 
eemed, the memory of its greatness had never 
wholly faded out of the minds of men, nor had 
tho j)cople of the West ever heartily accepted 
the tietion that the true home of that emj)iro was 
to be found at Constantinople. Now, when the 
Bishop of Rome had placed l^ie imperial diadem 
on tho head of the mightiest man of the mightiest 
nation in Europe, and when the citizens of Roiik' 
had ctiod with a loud voice, “ Life and victory 
to Carolus Augustus, crowmed by God, mighty 
and pacific emperor,” it was felt that the waters 
of the barbarian deluge had indeed subsided, 
and the w’orld had again a prospect of a peaceful 
and well-ordered life. Such was the second birth 
of “ the Holy .Roman Empire.” 

THOMAS HODGKIN 
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The Advantages and History of Reinforced Concrete. Use 
of Expanded Metal. Various Systems of Construction. 


USES OF REINFORCED CONCRETE 


B oth on iho Continent and in America the 
combination of concrete with iron or steel 
has for years past been employed for different 
kinds of structures, but until a few years ago the 
importance of this rnedhod of construction has 
not attracted the practical attention of engineers 
and architects in England which it deserves, 
(bmbinations of concrete with iron or stool are 
known by various names, such iis “ ferro- 
concrete,” ‘‘ armoured concrete,” “ concrete 
steel,” “ fortified concrete,” and so on, but the 
iianu^ “reinforced concrete” is the term now 
generally accepted as coveiing all systems. 

The Inventor of Reinforced Concrete. 

Perhaps the first use of reinforced concrete 
was in 1876, when M. Monicr put into ])racticc 
an invention for which he received a diploma 
at the Paris Exposition in 1878. As Monicr s 
system became known, and the iini)ortance of 
his method of construction refcognised, otluM* 
systems sprang into existence, the outcome of 
various combinations of material; and at the 
present* time some fifty exist, many evidently 
being brouglit out to avoid infringing patent 
rights. Some of these systems employ metal 
with peculiar sections, (itbers employ ordinary 
sections in peculiar positions. All, however, 
have the same object in view — that of ]dacing 
the metal in such a position that it will take up 
the tensile stresses whicli the concrete is least 
able to deal with, leaving the concrete to take 
the compression stresses. 

Construction in America. Tn America 
this “ reinforced ” concrete is used in the con- 
struction of office buildings of sixteen storeys, 
also for factories, railway stations, and similar 
structures, the foundations, walls, columns, 
girders, floors, and roof forming one monolithic 
mass. The Visintini system (introduced •from 
Switzerland) employs ginlors of the Warren type, 
but of armoured concrete, made s(*parafcly, and 
resting on brackets placed on armoured concrete 
eolumns. Across these main girders are similar, 
but shallower, girders, laid together and forming 
the floor. One manufacturing establishment 
built in this way is. 200 ft. long and 50 ft. wide, 
having a middle row of columns. The main 
girders are 24 ft. long, 25 in, deep, 12J ft. apart, and 
carry beams 12 ft. long and 6 in. deep, laid closely 
together. The girders and beams arc composed 
of 1 part of Portland cement, 1| of sand, and ‘l.J 
of broken trap rock, armoured or reinforced w ith 
J in. steel bars. The columns are composed of 
1 of cement, 2 of sand, and 4 of broken stone ; 
they have vertical 1 in. stool rods, connected by 
horizontal rectangular hoops of steel. Another 
system of concrete construction now being 
extensively use for residences, and for hotels, 
banks, and business buildings in the smaller 


towns, consists in the use of hollow concrete' 
blocks, instead of bricks. These blocks are 
nuKie ill moil liling- mac bines of various kinds, all 
sorts of moulds licing used for ordinary blocks, 
lintels, sills, pillars, and architectural or orna- 
mental shapes. 

Concrete and Expanded Metal. The 

method of reinforcing concrete employed by the 
New Expaiulcd Metal (kunpany is that of ])lacini 
sheets of mild steel vertically on edge, and with 
one operation slotting and drawing out the metal 
to the form shown in 1. No loss of material or 
weight takes place. Tlie expansion varies betw ecu 
six to twelve times the original length of the 
sheet, but there is no alteration in the w idth. 

The resistance of the sheet before being 
expanded is 4S,()(K) lb. per scpiaro inch. The 
ultimate strength of the metal when cxpandel 
is .<aid to be increased up to 6.‘l,0(K) lb. per stjuaie 
inch. There is a loss of elasticity in the metal 
which is rat her advantageous, as it is not 
advisabh^ to have too elastic a substance. 

1'he formula employed by the Ex] landed 
Metal (.V)m])any for coneroto slabs reinforccil 
with expanded steed is as follows ; 

Safe working load in cwts. per sepiaro foot 
6 . t 

wlicro f --Thickness of slab in inches, 

.9i:^8pan in feet from centre to centre of 
supports. 

d’bo sectional ari'a of the expanded metal 
conijiarcd with that of the concrete -is in the 
proportion of 1 to 206. 

Expanded rnctal is not adaptable to beams, so 
lhat Avh(‘ro floors arc being eonstructed on this 
ptineiple the ordinary steel joists arc ein})loycd. 
In cases where it is necessary to plaster the under 
side of the joists, or girders, the method of doing 
so is show II in 2. 

Use in Culverts, Conduits, and 
Bridges. Figs. 3 and 4 show* the construction 
of a culvert with expanded metal reinforcing 
the coiKTf'te. Fig. 5 gives details of a reinforeod 
concrete conduit. 

Figs. 6 and 10 show a retaining w'all constnict«3d 
at West Hartlepool. This wall, though on the 
sea front, w’as not ilesigncd to withstand heavy 
sea-action. 

Figs. 12 and 13 show the einjiloyinont of 
armoured concrete on a bridge eonstructed by 
Messrs. Wayss &■ Frey tag over the river Y'bbs. 
Fig. 12 shows the work in progress, and 13 is a 
view^ of the bridge w ltCn coin])Ieted. 

Piles constructed of reinforceti concrete have 
been successfully employed. Their superiority to 
wooden pfles consists in their being free from 
decay and attacks of insects. With regard to 
the destruction of wooden jiiles by insects, the 
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“teredo,’* or ship-worm, has been kiiown to 
destro}' a pile within t\iolvo montlis. Jt has 
been found that in a comparatively short time 
5(1 per cent, of the weight of the pile has been 
removed. The reinforced concrete pile, however, 
may be considered indestructible. Figs. 7, 8, and 9 
illustrale piles constructed on the Hennebique 
system. Fig. 11 shows the steel reiniforcement 
ready for moulding with concrete tas follows. 

’riie piles arc constructed in vertical timber 
moulds supported by frames, the inner section 
of the mould (corresponding to the .size and 
shape of each pile. The working face of the 
mould is left open, care being first taken to see 
that everything is perfectly })lumb. The steel 
shoe Ls then inserted in the bottom of the 
mould, with its upper ends turned over inwardly 


The de.sign of the pile is based on a calculation 
of the force to which it will be subject in the 
operation of driving, and the following formula 
enables this to be determined : 

Let W —The safe load in tons. 

Q=Weight of ram in tons. 

/ -^Fall of ram in feet. 

Then W-Qx8Vr 

Pile Driving. Reinforced concrete piles 
can bo driven cither by hydraulic pressure or 
by the ordinary pile-driver. The best results, 
however, scorned to be obtained by employing 
a heavy monkey with a short drop. A helmet 
.should be plaec'd on the pile, with a space 
between the head of the pile and the helmet 
filled -with sawdust. 


to form a key to the e<3neref(*. 
The vertical rods are t hen ])laee(l 
in position, about an inch below 
the surface of I he eoner’cte, and 
connected together with distance 
pi({ees dropped from the fop a.s 
required. Concreting is then 
l^egun. and the working face of 
the moulds is grmlually closed 
with shuttering fixed about every 
six in. in height by the workman 
as he pro(?eeds with the jiunning. 

After abo\it 38 hours the con- 
crete is suflieiently set for the 
moulds to b(‘ strijrped, and the 
piles are allowed to remain from 
28 to 40 days to dry pre})aratory 
to driving. It is sometimes more 
economical and convenient to 
make the piles in horizontal 
moulds, but in that ease? the 
greatest care must be observed in 


Reinforced Concrete 
Columns, \lntil a few yviim 
ago reinforced concrete could not 
be economically enij>loyed for 
columns, as the compressive 
stre.sses were taken by the eon- 
cn‘t(‘ alone, the safe limit of wdiich 
\'ari('d between 500 and COO lb. 
])(^r square inch. By the invention 
of ]\Ip. a. (Jonsiderc, the French 
t ngiueer, it is claimed that the 
saf(‘ limit for compression may 
Ih^ raised from 5(X) to 2500 lb. per 
s((uare inch. 'Phis invention con- 
sists of reinforcjing the concrete 
by met al spira ls or “ hoops,” made 
by winding a metal bar round a 
drum (3r roller. The ])iteh of tlm 
rings of th(‘ spiral varies according 
to t lui diameter of the bar used, 
but is generally between IJ in. to 
1. EXPANDED METAL 3 iti. I)owT\ the intcrfor of* the 



obtaining t he right consistency of ^ are ])laccd either four or six 

concrete, so that in the punning longitudinal bars bound at inter- 
operation the cement be not . \J vals to the spiral. These bars 

worked out too much to the " "'i employed to prevent bulging 

upper surface. p when the column is under com- 

Sheeting Piles, Fig. 7 is a i, pres.sion. Fig. 14 shows the manner 

typical example of a sheet pile in /-/w of reinforcing a column by this 

elevation and transverse sections, ^ method. This column, it is stated, 

showing the di.spositi(jn of the expanded metal lattiinci ^v'ill carry a load of 00 tons, with 
Btc(4 - work and drifted shoe. a factor of safety of 5. 

Fig. 8 is a plan of the sajne pile, showing Files constructed by this system have been 
the arrangement of the distance pieces, stirrups, employed for foundations on the banks of the 

and so on. The-se piles are fitted on each River Seine. Fig. 15 show^s the form used. They 

side with a semi-circular groov^c, w hich extends were 17 ft. long, driven by a 1*2 ton ram, with a 

from the upper end of the shoe to the top of drop of over 5 ft. The head of the pile was not, 

the pile ; and at the lower end of the pile, on its with other systems, necessarily protected by 

its longer side, is fixed a metal spur which fits a special cap, and only about six inches of 

into the groove of the pile precieding it, and acts the head of the pile, after being driven, had to 

as a guide in driving. After driving, these be repaired. 

grooves are carefully cleaned out by a wator-jet The bridge at Plougastel is constructed of 
and tilled with cement gpout, forming a solid ” urmocrete,” and the reinforcement is spiral 
watertight joint between the piling. These or hooped. The bridge consists of two spans 

piles are made in lengths of 46 ft. and 48 ft., and of 316 ft. 9 in., two of 106 ft. 7 in., and one of 

have all the resiliency and elasticity of timber 52 ft. 3 in., making a total length of 896 ft. 

piles. As an instance of this, a 14 in. by 14 in. Comparison with a Steel Joist. In 
pile, 43 ft. long, suspended in the middle, wdll comparing a beam constructed of reinforced 

l)ear a deflection of from 3J in. to 4 in., and, concrete on the Hennebique system with a 

unlike timber piles, then can be easily lengthened rolled joist, the steel rods which are placed in 

and joined to the adjacent work. the lower part of the beam represent the line of 
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t-<insion, and arc acting similarly (.o tlic lower flange 
of a rolled joist [16J. Concrete is the niat(‘rial 
which is relied on to ri^sist the compressive stress 
in the upper part of the beam, and the coniusflion 
between the flanges as form(‘d by the w(‘b (still 
comparing the beam to a rolled joist) is also 
formed of concrete, which, in addition, encases the 
tension bars anti j)rotects them against external 
agencies. Fig. 18 shows the form of the hoop- 
iron stirrnps, which are distributed along the 
whole hmgth of the b(;am, b(‘ing embedded in the 
core of contirete, connecting the upjaT and lower 
parts of the beam, thus making a compact girder. 

Tension Bars. The tension bars are of 
two kinds — namely, straight bars parallel to the 
lower face of the beam, and bent 
or cranktul bars placed over 
them, but in the same vertical 
plane. The bent bars, taken 
in connection with the straight 
bars, and the stirrups (the latter 
being placed closer together at 
the ends of the beam), consti- 
tute an indeforinable triangle, 
and the resistance afl’ordf^d to 
ahc'aring stress tlius increases 
near the supports — that is, 
where the stress reaches its 
maximum. 

A beam so fornu'd is very 
similar to a timber beam trussed 
with iron tic-rods and brackets. 

Figs. 17 and 21 show ’the 
arrangement of a continuous 
Honnebique beam. 

Fig. 21 shows the respective* 
positions of the bars and stir- 
rups, and how any bending 
stresses of the lower bars be- 
come transmitted by t h e 
stirrups to the upper part of 
the beam, and transformed and 
distributed in the way of com- 
pressive stresses in the mass of 
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the concrete. Fig. 22 shows a 
cross-section through the beam. 

An Armoured Concrete 
Floor. Tn order to divide up 
the component parts of a floor 
of any area that is supporttnl 
by ferro - eoncr(*(e beams, 20 
shoAvs the main beam con- 
structed to receive the heaviest 
loads. Then comes the secondary 
beam, which is connected up 
to the main beam, and in turn 
rc'ceives a flat beam, which 
constitutes the floor. Th<\y are 
formed in a precisely similar 
mann(‘r to the other heains, 
and ar(^ ealenlated to support 
th(‘ required load. 

In coustrneting an armoured 
concrete floor, the ])raetie<^ 
hitherto has betai to erect, in 
the first instance, a compkfle 
wooden floor extending over 
the whole ar(‘a ]jroposed to he eover(*d, and, 
after covering the floor with a. thin layer of 
concrete, to lay dowai the st<‘f‘l rods on it-, and 
then to (iomplete flu* floor with the necessary 
thickness of eoncaob^ ov(t the steel rods. This 
mode of eonstruetioii necessitates the use of a 
large fpiantity of timber, which cannot be 
removed until after the concr(*te has set. Tlu* 
practical objections to it are tin* cost of the 
timber, the delay in il-s <'rection and removal, 
the hindrance to tln^ rapid comj>leti(>n of the 
armoured concrete floor, and to its incn‘ased cost. 

Armocrete Tubular Flooring. A 
system cmplovc'd by the Armoun'd ('oncrcte 
Construction Company, of Westminster, does 
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away with those drawbacks by dividing the 
structure into three different parts — namely, the 
so-callofl webs (A), the tubes (B), and the con- 
crete floor on top (C), as shown in 19. The webs 
arc made of concrete varying from 0 to 10 in. in 
depth, finJ in lengths up to 25 ft. They are 
reinforced with flat iron bars, a a, the thickness 
of the top layer C, and the sectional area of the 
armouring inserted in the webs being according 
to the load the floors have to carry. The tubes 
are made in 9 in. lengths of earthenware, stone- 
wan*, or concrete composed of coke-breeze or 
similar. light material, and Portland cememt. 

When constructing a floor by this method, 
the workmen first place the webs in their proper 
positions (9 in. centres) without the help of any 
timbering, and the tubes are then ])ut in. A floor 
is thus obtained. It is capable of cairyiiig the 
weight of the workmen and matc'iials stored on 
it. As soon as a certain area has thus been laid, 
a gang starts laying down the concrete (c) for 
th(? completion of the floor, the thickness vary- 
ing from \ in. to in., according to Ihc load 


persons. Several oases ate known whore unsatis- 
.factory results have attended the unskilful use of 
reinforced concrete. 

Estiinating the Reinforcement. In 

determining the amount of metal necessary for 
ixdnforcing any particular structure, note "must 
be taken of tiro quantity of cemtmt to be cmi- 
ployod in the concrete. The metal should have 
sufficient sectional area to sustain all the tensile 
stresses, but it should he observed that these 
stresses must not exceed the coefficient of elas- 
ticity of the concrete, or cracking will occur. The 
position of the bars is found from the fact that 
the value is in direct proportion to their distance 
from the neutral axis. The safe tensile stress 
for iron bars varies between six and seven tons 
per square inch. 

The modulus of elasticity of steel may bo taken 
as between 30,000,000 and 3(),000f000 lb. per 
square inch, and that of concrete from 1,000,000 
to 4,(XK),(KK) lb. ])er square inch, according to the 
amount of cement in the mixture. Another im- 
portant factor is the amount of water used in 
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to be carried. The reiiiforec*- 

ment of the webs takes up 

the tensile stress, while the 

top pa rt of the w<‘bs, t oget her 

with the eoner(*te flooring, 

takes up the compressixe / 

stress. The surface under- J 

neath may be f»lastered or k 

left rough, according to ^ 

requirements. The webs are / 

manufactured in worksliops ujly ^ 

as near the site as possibh*. rM 7 ^ ^ 

andean be handled by two 

or throe men, according to ^ T VV 

their length and weight . 

The hollow tubes form VI • 

a good insulation against 
change of temperature, and 
can lui utilised as conduits Fouf^dotf 

for ek^otrie wires, or for 
water or steam pii)cs for 
heating purposes. 'Phedead- 5 
weight of such floors is con- 
siderably less than many ot her forms of reinforced 
coner(‘t(* floors. 

Roofs, if constructed of reinforced concrete, 
may be dealt with as floors, but in no part, should 
the concrete be less than three inches thick. 

Protection of Reinforcement. The 
reinforcement must not ho placed nearer the 
face of the concrete than J in. in slabs, 1 in. in 
cross-beams, and IJ in. in main beams and 
pillars. A distance of at least 1 in. must bo 
left horizontally between the bars, and k in. 
vertically, except at points where the bars arc 
in direct contact and transverse to one another. 
The maximum distance l^etwo(*n the main tensiln 
reinforcements of slabs must in no case bo 
greater than 12 inches. 

These rules, and others which hj^ve not been 
referred to, afford a basis for any legislation or 
by-laws which may be necessary to enable the 
advantages of this most important system to 
be utiiiaed without tho risks which w^ould result 
from ita employment by unskilful or ignorant 
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mixing the concrete, as, 
should it be used too freely, 

B a loss of • ehisiieity occurs. 

... . It is noeossary to have suffi- 
ciont water for hydratmg 
the cement, and for ordinary 
cement it may be taken that 
the best results are obtained 
by adding 4 to 4^ gallons to 
each cubic foot of cemeni 
used. It has been found 
that it is better to use the 
eoncreto fairly dry, and to 
ram it well into position 
round the metal. 
Experiments show that 
Y concrete eom])oscd of 

7H* I cement, sand, and stone, or 

cohere Necoamry. shingle is always stronger 

/^^s^oare conij)oscd Only of 

6rodo .002 cement and sand. Tn addi- 

ETAT4 (’ONDIJIT ^ ('Xperi(‘n(^e has 

shown that the strength of 
t lu^ coiicret(* increases with its age. 

Compression Limit. Tn reinforced con- 
crete structures the safe limit for compression 
inay be taken as 1450 lb. per sejuaro inch. This 
is the moan value after six weeks from moulding, 
and by allowing a further factor of safety of 
3*5, thd compressive resistances becomes 415 11). 
per square inch. This figure is low when it is 
considered that experiments on largo pieces 
show a resistance as high as 2510 to 3490 lb. 
per square inch at failure. Jaking a safe limit 
at two- thirds of the final resMance, and allowing 
for the factor of safety 3*5, we get as safe 
stresses 665 lb. pt^.r square inch. 

Taking everything into consideration, it is 
advisable to adopt 400 lb. |)er square inch for 
pieces in direct compression and reinforced with 
longitudinal bars tied w*ith cross-picccs, and 
500 lb. per square inch where pieces are to be 
subjected to bonding. Where vibration i:^ 
anticipated the figure is sometimes taken ivs 
360 lb. per square inch. It must be borne in 
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mind that s[)ccial 
oascH require to bo 
skilfully dealt with 
by the deaigher. 

The resistance of 
concrete to shearing is taken as 
one -eighth of its resistance to 
compression — that is, about 60 lb. 
per square inch. 

In calculating the tensile stresses to bo 
taken by a reinforced concrete structure, 
the value of the resistance of t he concrete 
is at present neglected. This is on the 
safe side, but when the behaviour ami 
properties of reinforced concrete* art^ better 
known, the tensile assistance duo to the 
concrete may be taken into consid(‘ration. 

Essential Conditions. Kveu with- 
out State regulations, certain conditions must be 
strictly observed, otherwise failure wall result. 

The quality of the materials to be us('d must 
be absolutely the best. The concrete must be 
made with Portland cement, and not inferior 
cement or lime. 

For watertight walls, tanks, conduits, pipes, 
or similar w'ork the concrete must be made 
with sand and ccnu‘nt only, t^ assure* imp<‘r- 
meability, but where thickness is r(*quired as 
well as impermeability, tlic face- work (‘an bo 
made wMth rich mortar and a backing of etmereb*, 
not quite so richly gauged as the mortar. When 
pipes constructed of r(*iiiforced co!ur(*l.<* are 
expc'Cted to stand high pr(*ssuros. a lining of 
im^tal is used to previ*nt h'akagc. This, 
how'ovcr, incn'ases the cost <jf construction, 
making it sometimes more (*cononiical to 
employ ordinary steel or iron pip(‘s. 

It is necessary to see that' the concrete is w'<*ll 
ramnuxl round the metal, so that no voids (‘xist. 
Whore large sections of metal an* (‘mployed, it is 
advisable to paint all m(*tal-work with cem(*nt 
grout before it is embedded, as by so doing the 
mass is made bomogcuioous -tb«^ metal In'ing 
w(‘ll clcam*d f)reviously. Another, and p(*rbaps 
the best, reason for painting tin* metal before it is 
hedded is that, from (*xperim(*nts lasting oyer a 
number of years, it has l)e('n found that the sur- 
fac(? of the metal is, by chemical action, covered 
with a coating of silicate of iron. This coating 
prevents rusting after the mi'tal is cmbcdd<'d, 
and it has been found that rust existing previous 
to the embedding of the metal has been removed. 
This is of groat importance, as at om^ time 
some doubt existed as to the life of reinforced 
concrete structures, especially those partially or 
wholly submerged. 

The Field of Reinforced Concrete. 

lieinforced concrete can bo economically em- 
ployed on bridges, buildings. Iloors, tanks, and 
similar structures, the cost of the work being 
lowered, while there is no loss of stability. It 
18 essential that reinforced c^oncrek^ must be 
designed, as well as carried out, sciciititically, 
an‘d, as before stated, only the b(*st materials 
must be employed. Unscientific reinforcement 
produces waste of material, and may cause 
disastrous results. It is therefore nec(*ssary to 
attend minutely to every detail of construction. 


DETAIL OF WEST llARTLErOOL 
SEA-WALL 


A 

14 



SS ) 

■1 , 

\ -- >■ V ’^1 




s 

u 

i 




-CWnrnrf# 



Advantages of Reinforced Concrete. 

TIktc arc many advantages in the iis(? of re- 
inforced concrete. -Verhaps the gr(*at(*st one 
is that of economy in cost and rapidity in 
construction, lly employing this system, large 
masses of ^onen^te or masonry can ho saved, 
without loss of stability, and tlu^ cost of main- 
tenance is practically nil. Mouldings for bridges 
or buildings can be made without false work of 
any kind, and are often made on the ground, 
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being placed in position as the work proceeds. Resistance to Vibration. The rcsist- 
Lintels, sills, mullions, and other small framings ance to shocks and vibrations is very marked, 
are generally moulded prior to their being fixed as will seen from the following experiments, 

in po«!ition, the rods being tied together with A weight of 112 lb. dropped 6 ft. 6 in. on an 
wire distance-pieces. iron and brick floor produced vibrations yV 

Structures of reinforced concrete are heavier in amplitude, lasting two seconds, while a weight 

for supporting the same load than those whore 220 lb. dropped 13 ft. on a reimorced concrete 

iron or steel only is used. The hygienic value of floor produced vibrations in., lastmg | second, 

structures made with reinforced concrete is When floors arc to stand shocks or vibrations 

indisputable, for they can easily be cleaned and ii^ i*^ necessary to increase the richness of the 

disinfected, and do not harbour microbes. The concrete. 

fire-rtisisting properties of reinforced concrete Tanks , constructed of reinforced concrete 
hav(^ been proved beyond doubt, 'the' low withstand the action of alkalies better than 
conductivity of the concrete protecting the metal when constructed of timber, but free carbonic 

from heating unduly. Buildings have been found acid, nitric and hydrochloric acids have bad 

to be as strong after a fierce fire as before, cllects on the concrete. In cases where the 

solutions are weak, an in- 
crease of richness of the 
concrete overcomes this 
difficulty, but, where strong 
acids are prevalent, rein- 
forced concrete inpes, and 
the like, should not be used. 
Tfot fluids should never b(' 
turned into ])ipes made with 
reinforced concrete. 

Influence of Atmos- 
pheric Action. Atmos- 
pheric. action on reinforced 
concrete, such as humidity, 
causes elongation, whili' 
excessive dryness causes 
contraction. This action is 
more noticeable where tlu* 
concrete has been made ricli 
in ecunent. There is consc- 
(piently a disadvantage in 
the employment of rein- 
foHicd concrete in certain 
v\\ mates, applying m o r e 
(‘Specially to exposed struc- 
tures thtin to buildings or 
similar works. Timber ex- 
pansion strips have been 
suceessfully used for retain- 
ing w'alls, but they cannot 
be employed for watertight 
work. Largo arches and 
10. WEST HATITEEPOOL SRA-WAUL Small bridges have bcc'u 

constructed with hinges on 

practically the only repairs neces.sary being to the abutments to oyeieomc this difficulty. The 
tittiiigs. 3'hc liner the mesh of the reinforcing high jicrcentage of dead to live load prevents the 
metal in the floors and other parts of the employment of reinforced concrete for bridge^s of 
building, the Jess the liability of the concrete very large spans. * 

to crack. Ordinary concrete rapidly disintegrates The greatest care must be taken when re- 
whon subjected to sudden cooling, as when moving centring, struts, and props from the 
water is thrown upon it in limes* of fire. No work after its completion. Ittis best to leave all 
such disintegration occurs w'ith properly re- shuttering, centres, and so on in position for 

inforced concrete.' This is due to the coefficients several days, to allow the concrete to set 

of expansion of concrete giyl iron being practic- thoroughly. The whole structure should remain 
ally the same, and therefore no internal stresses for some w'oeks before any tests arc applied to it. 
ore set up by the differences' of, expansion or This period of rest is generally taken to be not 
contraction. i " less than four weeks, but it depends on tin' 

Another groat advantage of reinforced con- nature of the structure. ^ > 

Crete is that it is free from decay due to damp, .Fire -resisting jPropCfrties. The fire- 
or the attacks of marine or other insects which ^resisting advantages of ' reinforced concrete 
cause SO' much damage to timber structures, must not be relied on unless certain conditions 
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arc observed, the neglect of which involves 
serious consequences. The main points for 
attention arc the proper protection of the 
metal-work by embedding all rods and the like 
in suitable aggregate, and in making the aggre- 
gate of materials which are fire-resisting. The 
subject has received attention from the Fire 
Offices’ Committee, who have issued rules 
defining the essentials to be observed to bring 
buildings constructed on this system within the 
insurance lines. The rules rt^for to embedded 


a I in. mesh, or of the aforementioned materials. 
It is also provided that the cement used should 
bo Portland (equal to the latest British Standard 
Specification), in the proportion of 6 cwt. 
of cement to each cubic yard of concrete, 
and that the concrete must be thoroughly 
mixed, both dry and wet, and must be 
rammed round the metal -work in position. 
Every part of the metal-work must be closely 
encased in solid concrete. The rules require 
the extenial walls to be not less than 6 in., and 



14—22. COLUMNS AND BKAMS FOR FLOORINO AND (JENKRAL BUILDING IN VARIOUS SYSTEMS 

OF ARMOURED CONCRE'fE 


metal rods or bars spaced not more than 12 in. 
apart and overlapping least 6 in. at all abut- 
ments and intersections, and having bands or 
bars across the concrete. 

The rules of the Fire Offices also^specify that 
walls and partitions must be of brick, terra-cotta, 
and cement concrete composed of broken brick, 
burnt ballast, furnace clinker, or similar hard or 
burnt ^torial ; that the concrete is to be com- 
posed and gravel which will pass through 

im^ . 


])arty walls not less than 13 in., thick ; that 
floors must be constructed of reinforced con- 
crete not loss than 6 in. thick in any part (no 
woodwork to be cmbetlded therein), supported 
on beams or columns of similar reinforced 
concrete. 

Official regulations for the use of this material 
are now being approved, and will shortly bo 
issued, by the London County Council. 

HENRY ROBINSON 








♦GRO UP 9-H T ERATUR E • THE IM PERIS HABLE R ECORD OF THE MIND-CHAPTER 11 

A Short Study of Tennyson, with Briefer Notice of Browning, 

Swinburne, Matthew Arnold, and the lesser Victorian Poets. 

TENNYSON AND AFTER 


The Significance of Tennyson. Mr. 

Theodore Watts- Dun ton, poet and a (jritic of 
poetry, has summed up the significance of 
Wordsworth’s great successor in a single telling 
phrase. “ Tennyson,” he writes, “ knew of but 
one justification for the thing he said — viz., that 
it w^as the thing he thought.” Alfred Lf)RT> 
Tennyson (b. 1809; d. 1892) is the “bright, 
particular star ” in the crowded galaxy of Vic- 
torian poets. His musi^ was res})onsivo to the 
dreams of science and the doubts of f)hilosot)hy, 
as to the whole world of Nature. One of the 
most scholarly and exact of poets since Milton 
and Gray, he wa.s, with the possible exceptions 
of Bums and Byron, the most ])opular since 
Shakespeare. Not even Wordsworth took his 
vocation more seriously. From a period of 
idealism he passed to one of something very 
like pessimism, Ahvays hating the petty con- 
vT'iitions of the pres<‘nt, he bc'came in his later 
years too much of a social critic for his poetry 
10 bf'nefit. l^Yom first to last, however, he was 
a master of word-music, acutely sc'iisitivc to 
every vibration in Nature, anrl capable of 
rendering his impressions with almost miracu- 
lous fidelity. He saw no less clearly than he 
heard. Proctor said then^ wore no mistakes 
about the stars in his |)oenis ; and similar 
tributes have been paid to his knowledge of 
birds and flowers. 

1’he value of Tennyson to the student is 
twofold. On the one hand, he tea<!hes by 
example the (pialities and possibiliti(\s of the 
English language ; on the other hand, his poems 
may not inaptly be described as “ the voice of 
the century ” in all its modidations between the 
extremes of buoyant hope and desolate despair. 
“ In Menioriam,” his elegiac poem, written in 
memory of his friendship for Arthur H alia in. 
son of the historian, ha.s been mueh misrepre- 
sented as an infiuence against orthodox religion. 
Tennyson’s faith was firm and unshaken to the 
end, but “ he dreaded the dogmatism of sects 
and rash definitions of God.” “ Locksley Hall,” 
and its sequel, “ Locksley Hall Sixty Years 
After,” sum up the dift’erence between liberal 
aspiration and deinocraticr achievement. In 
“ Maud,” his favourite' work, he ent(*red an 
eloquent protest against material views of life. 

The Poet’s Views of Poetry. Tennyson’s 
consistent contention was that poetry should 
be the flower and fruit of a man’s life, and 
in every stage of it a worthy olTering to the 
world. One day in the summer of 1888, in the 
garden of his home at Aid worth, Su.ssex, the 
Poet Laureate was discussing with Mr. Gos.se 
the case of those who love to trace similarities, 
and seem to think that a mediocre poet who 
originates an idea is above the great poet who 


adopts and gives it everlasting form. Said 
Tennyson : “ Th(^ dunces fnney it is the thought 
that makes j)oetry live. It isn’t. It’s the ex- 
pression, the form ; but we mustn’t tell them 
so — they wouldn’t know" what we meant.” This 
is a very difierent thing, of cours{\ from saying 
that the “ form ” of poedry is its all in all, us 
the poet’s further remark on the same occasion 
proves. " The highest ])oetrv,” he said, “ may 
he popular, and praised in tlie magazines, and 
yet the secret of it is ‘ uiirevealed to the W’hole 
godless world for ever.’ ” We may doubt if it, 
is ahvays reveak'd to the poet himself ! 

Tennyson and Modern Problems. If 

it be granti'd that Tennyson’s ])oetry did not 
profit by his sensitiveness to the social problems 
of the tiin(‘, or by the w'ay in which he criticised 
th(^ trend of policies and the fickleness of public 
opinion, it can hardly be gainsaid that he was 
a great teacher for all wdio care to give ear to his 
message. Thf! best of I’ennysoii is not to bo 
gathered by tlu^ pastime of hunting out plagiar- 
isms from his [joems. As the stirring events of 
Elizabeth’s r(‘ign ins[nred Shakespeare, so was 
Tennyson ins|)ired by the Battle of Waterloo 
and “ th(‘ fairy teak's of seierK^e ” to the vision of 
a time when war-drums thr()l)l)e(l no longer- ■ 
And (ho l)attle-llags weri’! furl'd 
In the Parliament of man, tlu' Federation of 
th(^ world. 

But he saw the [xTil, first of an excessive “ .lohn 
Bullism,” and then of na^re talk.” A po(‘t of 
Nature, Tennyson w'as also a lover, if a critic, 
of humanity and a prophet of social reform. 
In his interpretation of the five chief subjects 
it has been the ]>rovinc<* (^f poets to deal with 
— Nature, woman, life, polities, and religion — 
Tennyson will he found always looking forward 
to the* ultimate good. If the spirit of tlie present 
generation wars with Tennyson the teacher, it 
is becau.se of his treatment, in “ The Princess ” 
j)artiei]larly, of “ w'oman's rights.” His views 
on ” the woman question wa're, indeed, re- 
actionary. ” Woman,” ho wrote, 
is not uiulevelopt man. 

But diverse : could we make her as the man, 
Sweet Love were slain : his rlc'arest bond is this, 
Not like to like, but like in difference. 

The Metre of “In Memoriam.” 

Tclln 3 ^son is one of the most ve rsatile of poets 
ill his use of metre. “ He realised,” says Mr. 
Benson, ” that the number of new thoughts that 
a writer can originate must he small -if, indeed, 
it is the province of a»poet to originate thought 
at all — and the vital present inent, t he? crystal- 
line concentration of ordinary experience is 
what ho rniiBt aim at.” Hence his close atten- 
tion to “ form.” “ He always held, as he says 
in his poem ‘ To Virgil,’ ihat'the h('xamcter was 
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the ‘ stateliest ’ metre ever invented ; but he 
did not think it fit for English ; he once said 
that it was only fit for comic subjects, and he 
believed that Englishmen confused accent with 
quantity. Ho indicated that quantity had so 
little existence in English that for practical 
purposes it Vas superseded by accent, and that, 
except for delicate effects, accent must be 
attended to ; ho always maintained that his 
experiments in classical metros had cost him 
more trouble than any of the poetry ho had 
written.” His son, the present Lord Tennyson, 
has an interesting chapter on “ In Memoriam.” 
The metre of this beautiful, if disjointed, elegy 
is the common long metre, with the second pair 
of rhymes indented. Here is a familiar example : 

I held it truth, with liini who sings 
To one dear harp in divers tones, 

* . That men may rise on stc])|)ing -stones 

Of their dead selves to higher things. 

Tennyson wrote : “ As for the metre of ‘ In 
Memoriam,* I had no notion till 1880 that Lord 
Herbert of Cherbury had written his occasional 
verses in the same metre. I believed myself 
the originator of the metre until after ‘ In Me- 
moriam ’ came out [in 1850 1, when someono 
told me that Ben .Iduson and Sir rhili[> Sidney 
had used it.” 

Under the Spell of the Poet, A friend, 
writing to the author of the “ Life,” records 
a remarkable incident which binds Froude the 
historian and a ship’s mate by a bond of human 
fellowshi]) in their indebtedness to Tennyson's 
poetry. The incident is worthy of jnention here 
as illustrating the power of the jxx^t over read<‘rs 
of strangely different types. It is thus recorded 
in th('- official biography : ” One moonlight night, 
when sailing, some years since, in the Malay 
Archipelago, I came on deck, to find the shij) in 
charge of the mate, a taciturn mariner, uncouth, 
and of uncompromising visage. A chance re- 
mark, howH'V(;r, about the beauty of the night 
brought a lino from a well-known stanza in 
‘ In Memoriani ’ as reply. I completed the verse 
with undisguised pleasure, and this fairly broke 
the ice of his reserve. For the rest of that 
watdi the mate paced up and down the dock, 
reciting to mo the greater part of the ‘ Idylls ’ 
and the first half of ‘ Maud.’ I shall never 
forget the feeling, with which he lilted out th(^ 
long ‘ Birds in the high Hall-garden.’ During 
the next week — ‘ all in the blue, unclouded 
weather ’ of that ])eautiful archipelago — the 
mate and I talked together on the one subject 
which had kept him, he averred, from suicide 
by drowning — a sailor’s death more common 
than people think. For whole-heart delight in 
the poetry, for pure devotion to his image of 
the j)oet, I place that mate of a Malay coaster 
above all the Tennysoniails I have met.” Froude, 
writing in 1894, declared that he owed to 
Tennyson “ the first serious reflections upon 
life and the nature of it,” and thAt these had 
followed him for more than fifty years. 

From a technical stand/^int “ Maud ” is re- 
garded by competent criticism as one of the most 
perfect^ Tennyson^s great poems ; it is the one, 


moreover, of which the poet himself was 
specially fond. It contains the exquisite lyric 

Como into the Garden, Maud.” Perhaps the 
best of Tennyson’s work was his earliest. That 
which penetrates the heart of the many is 
comprised in the lyrics, such as the song just 
referred to, together with “ Break, Break, 
Break,” “ Sweet and Low,” and his swan song, 
“ Crossing the Bar.” But the “ Idylls of the 
King ” are also widely loved. Mr. Benson 
places “ The Lady of Shalott,” “ Mariana in the 
South,” “ The Miller’s Daughter,” “ (Enone,” 
“ The Palace of Ar^” “ Th(^ May Queen,” “ The 
Lotos Eaters,” “A Dream of Fair Women,” 
“ The Mortc d’Artliur,” “ Love and Duty,” and 
” Ix)ckslcy Hall ” among the poems w'hich have 
“ profoundly affected English literature.” 

How to Study Tennyson. The best 
I)lan to pursue in the study of Tennyson is to 
take up the “ Life ” of the poet written by 
his son, and then to read the poems in the 
sequence in wdiich they were written. Any 
student who will do this will know more of 
Tennyson (and, incidentally, of the most 
important, of his contemporaries) than he will 
be able to glean from any other pair of volumes 
that can be uam(‘d. For examples of (1 ) Teniiy- 
sou's indebtedness to the writers who ])rcceded 
him, and (2) the extent to winch ho ro-wTote 
many of his poems, reference should be made 
to the “ illustrations of Tennyson ” and ” Tlui 
Early Poems of Alfred Lord Tennyson,” by 
Prof. Churton Collins. 

Robert Browning. With Roukut 
Browning (b. 1812; d. 1889) “form” was 
but a secondary consideration. Its requirements, 
in fact, constituted for him almost an obstacle 
to the flow^ of thought. He is as difficult and 
obscure as, for the most pai*t, Tennyson is clear 
and easy to the conunon understanding. It is 
said that in the course of time Browning will 
.supersede his great contemporary in popular 
estimation, but that time is not yet, nor 
likely to come soon. With Browning, far 
more than with Tennyson, it is necessary to 
consider the life and the poetry as interdepi‘ii- 
dent and inter-explanatory. It has been well 
said that “ much of the apparent obscurity of 
Browning is due to his habit of climbing up a 
precipice of thought, and then kicking away 
the ladder by w’hich he climbed.” 

There is no gloom in Browning. He is all 
virility. His dramas and his poems arc the 
appurtenances of an intellectual gymnasium. 
With Browning, “ Life is — to wake, not sleep.” 
“ Rise and not rest,” he cries ; but ” press — 
From earth’s level, where^ilindly creep 
Things perfected, more or less. 

To the heaven’s height, far and steep, 

Where, amid what strifes and storms 
May wait the adventurous guesf, 

Power is love. 

Tennyson wrote that : 

’Tis better to have loved and lost 
Than never to have loved at all. 

With Brovming it is better to have lived and 
struggled and failed than never to have lived. • 
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Browning as a Poet. “ Browning as a 
poet,** writes that competent critic Prof. Dow- 
den, “ had his origins in the romantic school of 
English poetry; but he came at a time when 
the romance of external action and adventure 
had exhausted itself, and when it became 
necessary to carry romance into the inner world, 
where the adventures are thoK(^ of the. soul. On 
the ethical and religious side he sprang from 
English Puritanism. Each of these iniluencos was 
modified by his own genius and by the circum* 
stances of its development. His keen obscTVJi- 
tion of facts and passionate^ inquisition of human 
character drew him in the direction of what 
is termed realism. . . . His Puritanism r('- 

ceived important modifications from his wide- 
ranging artistic instincts and sympathies, and 
again from the liberality of a wide-ranging 
intellect. . . . He regarded our life on earth 

as a state of probation and of preparation. . . . 
In his methods Browning would acknowdedgt* 
no master ; he would please himself and compel 
his readers to accept his method, even if strange 
or singular. . . . His optimism was part of 

the vigorous sanity of his moral naiun' ; like a 
reasonable man, he made the happiness which 
he did not find. . . . The emotions which ho 

chiefly cared to interpret W'ere those connected 
with religion, with art, and with tlio relations 
of the sexes, 

. . . “ His humour was robust, but mddom 
fine or delicate?. . . . There is little nqiose 

in Browning’s poetry. lie feared Itjthargy of 
heart, the* supine? mood, more than he feared 
excesti of passion. . . . His ut-terance, 

»\'hich is always vigorous, becomes intensely 
luminous at the needful points, and th(?n re- 
lapses to its well- maintained vigour, a vigour 
not always accompanie?d by the highe*st poetical 
qualities. The music of his verse* is entirely 
original, and so various are? its kinds, so complex 
often arc its effects, that il cannot bo biiefly 
characterised. Its attack upon the (?ar is oft(‘ii 
by surprises, which, corresponding to the sudden 
turns of thought and leaps of feeling, justify 
themselves as right and delightful. Yet* he 
sometimes embarrasses liis verse with an excess 
of suspensions and resolutions. Browning made 
many metrical experiments, some of whi(;li were 
unfortunate, but his failures arc rather to be 
ascribed to temporary lai)ses into a misdirected 
ingenuity than to the absence of metrical feel- 
ing. His chief influence, other than what is 
purely artistic, upon a n'ader is towards estab- 
lishing a connection between the known order 
of things in which wo live and move, and that 
larger order of which it is a part.” 

An Important Point. It is especially 
important to remember that Browning’s thought 
where it is most significant is often more or less 
enigmaticail if taken by itself ; “its energetic 
gestures, unless we see what they arc directed 
agaimt, seem aimless beating in the air.” That 
portion of bis work, therefore, which is primarily 
polemical bids fair to fail in interesting posterity. 

“ Men and Women ” includes some of his finest 
work, but his masterpiece is the living human 

^ D §7 


epic of “ The Ring and the Book.” “ How They 
Brought the Good News from Ghent,” “ Saul,” 
“The Lost Leader,” and “The Pied Piper of 
Hamelin ” are among his most popular works. 
It is worthy of note, by the way, that the 
first book of “ S(*lections from Browning ” was 
issued at the rerpu'st of a society of literary 
students mei’ting weekly in Whitechapel ; and 
it would be no bad ])lan if f lu? young student 
first ap])roaelu*(l Browning’s po(‘try by the read- 
ing and re-H'ading of this admirable selection 
of his writings. It would ])reparo him in a 
mciisuro for the strikingly individual qualities 
of the poet’s longer woiks, and give him a 
good idea of the bent of Browning’s mind. 

Algernon Charles Swinburne (b. 

18II7 ; (1. 1000). Swiiilairne’s peculiar idojis, 
republican and agnostic, though popular opinion 
concerning them is to a C(‘rtaiii extent mis- 
guided, most certainly had the effect of keeping 
the greatest modern lyrist from the Laureateship. 
In both his prose and his verse Swinburne 
seemed ever at the mercy of an irrepressible flow 
of language. Ho exaggerates whatever hi? 
touches, ill the main, the exaggeration makes 
genuine poetry, if we cousidiT poetry as devoid 
of all appeal except the appeal to the ear and 
the passions. But in some of his works, and 
notably in “ Poems and Ballads,” legitimate 
exaggeration rangt‘s into regrettable li(!encc, if 
not niter nnintelligibility. Swinburne has yet 
to b(? rec()gnis(‘d for his essential patriotism 
as he is admired for his songs of the sea. His 
vers(‘ is as near lo actual music as that of any 
])oet who ever lived. Refenmrc* has bec'ii made 
to Tennyson’s facile use of varied nu l-ivs, but 
in this regard Swinburne is tlio more com- 
preh(‘nsivc artist. 

The More Important of the Minor 
Poets. Next in im])ortanco to Swinbnrno 
must be reckoned Matthkw Arnold (b. 1822; 
(I. 1888). w^ho.se })oems, aiJst(*re in form, classic in 
spirit, breatlie the indetinable sadness of culture 
threatened by anarchy. Swinburm? has 
uttered no eritieisni that rings more truly than 
his dictum that Matthew Arnold's “ best essays 
ought to live long(‘r than most ; his ])ooms 
cannot but live as long as any of their time.” 
Matthew Arnokl would have won lasting dis- 
tinction among tlu^ few had he only written 
“ The Htrayed Reveller,” “ Empedocles on 
Etna,” The Hcholar Gipsy,” and “ Sohrab and 
Riistum.” The poems of Frederick Tenny- 
son (b. 1807 ; d. 1898) and Charles Tennyson 
Turner (b. 1808 ; d. 1879) may be; studied with 
those of their illustrious brother. Frederick was 
joint author of the famous “ Poems of Two 
Brothers,” and his “ Isles of Greece ” is a poem 
w<?ll worth study. Charles is best representcal by 
his sonnets. ’ , 

The Rossettis. Dante Gabriel Rossetti 
(b. 1828; d. 1882) cannot, as Mr. Bepou 

observes, be isaid to have modified in any direct 
way the great stream of English poetry but he 
“ has stimulated the sense of beauty, the desire 
to extract the very essence of delight from 
emotion, form, and colour; he has inoulcatod 
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devotion to art.” Christina Rossetti (b. 1 830 ; 
d. 1894) takes R place in English litcTary history 
by the side of Mrs. Browning and .Iean Inge- 
LOW (b. 1820; d. 1897). Richard MoNOKTON 
Milnes, Lord Houghton (b. 1809; d. 1885), 
belongs to the school of Praed and F. Lociker- 
Lampson (1). 1821 ; d. 1895) as a brilliant 
writer of society verse. Wiltjam K. Aytoun 
(1). 1813; d. 1805) was the author of “Lays-of 
the Scottish Cavaliers.” Aubrey de Vkre (b. 
1814 ; d. 1902), the son of Sir Aubrey de Vere, 
was, like his father, a successful sonneteer, but 
is more noteworthy a-s a critic and a frientl of 
Tennyson. Charles Mackay (b. 1814 ; d. 1889) 
wrote many well-known songs of the people. 

A Polished Poem of a Lifetime. 

Pmuip James Bailey (b. 1810 ; d, 1902) spent 
his life in the d(‘velopment of his dramatic poem 
of* “ Festus,” w'hich, now half forgotten, w^as 
once hailed as the product of the highest poetic 
genius. James VV^esti^and I^Iarston (b. 1820; 
d. 1890) wrot(‘ a number of dramas and poems 
that are but imp(‘rf(*etly n'membored. Of his 
son, Philip Bottrke Marston (l>. 1850; d. 
1887), the blind poet, it may inde(‘d be said 
that ho learnt in suffering wliat he taught in 
song. Both John Ruskin (b. 1819; d. l9(K))and 
Oeorge Meredith (b. 1828;d, 1909 ) are greabs* 
p >ets in their ))rose than in their verse. Arthur 
Hugh Clou(jh (b. 1819; d. 1801), as shown by 
■‘The Bothio of Tober-na-Vuolicb,” was not 
altogether given ov(‘r to the philosoi)hic doubt 
usually associated with his naiiK*. Charles 
K tNOSLEY (b. 1819; d. 1875) should lx* praised 
for his “ Andromeda ” as well as for such lyrics as 
“ 0, that We Two were IMaying,” “ The Sands 
of Dee,” and ” Three Fish(‘rs w(‘nt Sailing,” 
and his breezy “ Ode to il>e Nortfi-East Wind.” 
Coventry Patmore (ii. 1823: d. 1890) is seen 
at his best in tlie refined sympathy of ” 3’he. 
Angel in the House ” and ” Th(' Unknown Eros.” 
In the Irish songs of William Allingham (b. 
1824 ; d. 1889) is to be tra(!ed something of the 
origin of the present “Celtic revival.” 

Stevenson, Wflliam Morris, and 
Francis Thompson. The poetic output of 
Robert Louis Steven.son (b. 1850; d. 1894), 
limite d in quantity, is notable in quality. George 
MacDonald (b. 1824 ; d. 1905) wrote many short 
lyrics. His “ Diary of an Old Soul” was declared 
by Ruskin to be one of the three great religious 
p<x*ms of the century. Francis Turner 
Palgrave (b. 1824; ci. 1897) was greater as 
a critic than as a poet ; his “ Golden Treasury 
of Songs and Lyrics ” bears witness to his 
powers of discrimination, though lie owed 
much to the advice of 'Tennyson. Gerald 
Massey (b. 1828 ; d.l907), the original of George 
Eliot’s ‘‘Felix Holt,” wrote poems expre;'sivc of the 
popular spirit wdiich gav^ rise to Chartism. Sir 
Edwin Arnold (b. 1832 ; d. 1904), in his “ Light 
of Asia,” interprekd Buddhism for Western 
readers. Sir Lewis Morris (b. 18,^3 ; d. 1907), 
the author of “ The Epic of Hades,” an attempt 
to read the Greek myths in the light of Christian 
sentiment, ” The Ode of Life,” a review of life’s 
“ A Vision of Saints,” monologues 
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of men and women of saintljr lives beginning 
with the Seven Sleepers of Ephesus and ending 
with Father Damien, was in his day the most 
popular poet next to Tennyson, whom, admit- 
tc‘dly, he imitated. William Morris (b. 1834 ; 
d. 1890) began in his “Earthly Paradise” by 
being “ the idle singer of an empty day,” and 
ended as the poetic singer of Socialism. Anglo- 
India inspired Sir Francis Hastings Doyle 
(b. 1810; d. 1888) and Sir Alfred Lyall (b. 
18.35; d. 1911). James Thomson, “ B. V.” 
(b. 1834; d. 1882), depicted the dark side of 
London in “ The City of Dreadful Night,” and 
ranks among the unfortunatics of genius. The 
same might almost be said of Francis Thompson 
(b. 1859; d. 1907), the author of “The Hound 
of Heaven,” whose style in verse is as original 
as (‘arlylc’s in prose, and whose life has been 
told w'ith pious devotion bv his friend Air. 
Wilfrid Meynell. 

Vigorous Scots — Buchanan and 
Henley. Bobeht IUtuhanan (b. 1841 ; 
d. 1901) lost himsi'lf in controversy, but a seh'c- 
tkm of his ])oerns, including his Ballads and 
“ White Rose and Red,” will have a second life. 
William Ernest Henley (b. 1849; d. 1903) 
will kec]) a distinctive phu^e in Victorian litiTa- 
tur(‘. AlereI) Ai stin (b. 183,5; d. 1913) was 
iinfortunat<‘ in challenging attention as Poct- 
Laurcate at a time wlieu his lyrical gift had 
failed him. Dr. Hkmiard Garnett (b. 1835; 
d. 1900) was a ])l(‘asing poet as w’oll as a sound 
critic ; and more may be said botli in poetry 
and criticism of Mr. Edmund Gosse (b. 1849) 
and Mr. Theodore Watts- Dunton (b. 1832). 
Mr. John Davidson (b. 1857 ; d. 1909) as[)ired 
to be tlie j)ort of ('volntion. 

Some Notable Living Poets. 
Dr. Robert Bridges (b. 1844), the author 
of eight dramas of a classical type, as 
well as \jiuch delicately WT’onglit. verse, was 
acclaimed with wi(los])read critical satisfaction 
Poct-Lanreute. in succession to Alfrc'd Austin. 
Mr. Run yard Kipling has gr(‘atly widened the 
bases of his reputation as a since the 

days of his “ Barraek-room Ballads,” and is 
the most vigorous force in the [)oetry of tin* 
jieriod. Like Air. William Watson (w ho in 
his “ WordwortlTs Grave ” showed that ii is 
possible to combine true poetry wntli criticism), 
Mr. Kipling has weakened his claim to a 
national standing by a political partisanship 
that only suits the newspapers. Other poets 
who must be mentioned are Mr. Austin Dobson 
(b. J840), a graceful artist in verse; Air. W. 
Ncaw'EN Blunt (b. 1840), a powerful son- 
iiet<'<*r; Mr. W. B. Yeats (b. 18()5), w hose vers(‘ 
has caught the glamour of 4Jlie Irish race; Air. 
Henry Newholt (b. 1802), master of a tine 
patriotic strain; Air. John AIasefield, a poet 
who raises great expectations; Air. {Stephen 
PiiiLLip.s, who alone brings modern poetical 
drama to the test of 'the stage; Mrs. Alice 
Meynell, one of the greatest women writers 
of the age, with an individual and memorable 
voice ; and Sir Owen Seaman, who has the art 
of moving elegy as well as graceful mirth and 
parody. . J. A. HAMMERTON . 
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and Provinces. Salaries and Promotion. Technical Colleges. 

POSTS IN THE EDUCATIONAL ARMY 


CvERY person of alert intelligence 
“ recognises today the intimate 
relation existing between efficiency and 
training, whether viewed from the per- 
sonal or the national standpoint. It is 
unnecessary, therefore, to insist at length 
on the vast importance of popular eclu- 
cation, and the responsibilities of those 
into whose hands such a vital trust is 
committed. In England and Wales 
modern legislation has confided most of 
this power to the greater municipal 
authorities, who have shown themselves 
worthy ol the gigantic task ; and there 
is perhaps no single department of local 
government work which can compare 
with it in essential value. 

Two outstanding features in municipal 
control call for special notice. The first 
is that education throughout the country 
has been unified for the first time. The 
second and even more important fact is 
that every clever, studious child in the 
elementary schools — no matter how poor 
the parents may be — is now given an 
opportunity of obtaining a iirst-cla.ss 
education free of cost, and of securing in 
the same fashion a well-paid post as a 
teacher under the local authority. 

These results have been achieved by 
means of the Education Acts of 1902 and 
1903, the first of which affected all 
England and Wales save London oijly. 
and the latter the capital itself. Their 
effect was to transfer the board schools, 
or “ provided ” schools, to the local 
authorities, and. to bring secular educa- 
tion in the voluntary or denominational 
schools under the same control. This last 
step, in particular, has done much for 
efficiency by reducing the number of 
untrained and poorly paid teachers in 
voluntary schools. 

In the words of an educational expert 
‘‘ the Acts produced not so much a change 
as a revolution in our system of national 
education. At one stroke the elaborate 
machinery of school boards elected to 
deal with elementary education was wiped 
out of existence, educational interests of 


all kinds— elementary, secondary, and 
higher — were co-ordinated, and the power 
of control was invested in the municipal 
authorities throughout the countr3^'' 

In this way the ancient breach dividing 
the elementary from the secondary 
.school and the university was closed 
at last ; and a carefully graded scheme 
of .scholarships has welded tlu'. several 
.systems into a single effective instrument 
of national education. 

Some idea of the magnitude of the ' 
labours thus devolving on municipal bodies 
who were made education authorities by 
these Acts may be gathered from the 
latest educational returns. These show the 
number ol elementary schools under 
inspection in England and Wales to be 
21,294, with accommodation for nearly 
7,000,000 scholars, and a total of b, 067,075 
cluldren on the books. The task of edu- 
cating this mighty army of scholars is 
entrusted to i(.)3,;V23 teachers, and costs 
the country considerably more than 
fourteen millions stiniing every year. 

These figures, it should be noted, relate 
to primary education alone. To the 
duties they denote must be added “ the 
general co-ordination of all forms of 
education ” — involving the maintenance 
and management of municipal secondary 
schools and technical colleges, the. train- 
ing of teachers, and the creation of an 
ade(]uate “ ladder of learning ” by means 
of council scholarships to liigher grade 
schools and the universities. As an 
instance of the liberal way in which this 
last obligation has been interpreted by 
the authorities concerned, it may be 
mentioned that in London alone over 
3000 scholarships arc now offered for 
competition every year. 

The statute of 1^2 created provin- 
cial education authorities of three grades, 
under the general control of the Board 
of Education. Cdiinty councils and 
county borough councils have full 
powers for^ the purposes of the Act; 
while boroughs numbering over 10,000 
inhabitants, and urban districts of above 
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20,000, have charge of (elementary instruction 
only. The (^ueation authorities thus formted 
are distributed in the following way : 

02 eoiinties 
75 county boroughs 
134 larger boroughs 
50 larg(’r urban districts 

321 


The Act of 1003 added but one ne^v ineniher 
to this list — the London County (V)uncil, which 
is the solo educational authority within its 
area. There are also a number of “ minor local 
authorities,” comprising 100 boroughs and 740 
urban districts, with powers n'stricted to the 
levying of a rate for higher education. 

Each authority acts through an education 
committee, appointcsl mainly by itself from its 
own ranks. In London no fewe r than 3S mem- 
bers in a (‘ommitt(‘e of 50 are County (Coun- 
cillors. 'rh(‘S(5 delegate l)odi(‘s arc inv(‘sted witli 
wide executive and advisory powers ; hut the 
local authority may disregard the advice of its 
committee, and remains subject in supreme con- 
trol only to tin; mandates of tlie Education Hoard. 

The Teaching Staff. Tla* position (>f 
municipalities as ('ducal ion authorities being 
thus indicated, we may turn to eonsidiT the 
nature of the employ riu'iit tlu'y olTer in this 
capacity. It is imttnvorthy, by tlu' way, that 
the local council appoints the stall' of its j)ro- 
vided schools, and that, its consent is recpiin'd to 
the appointments made by th(‘- managi'rs in 
noii-providcd schools. 

A recent i’(*f>ort of the Board of Education 
alfords some intcrc^sting information as to tlu^ 
numbers and pay of the' t(*ach(Ts in municipal 
schools in this country. 4'he teaching stall is 
constituted as follows : 

MuUj Kr-mnlo 

Ortificatc'd teachers .. 31,214 .. 63^574 

I ' ncertilicated , supple- 
mentary, and student 
teachers 5,808 .. 49,389 


local council concerned. Our purpose in the 
present chapter will be served best by reviewing 
at some length the methods of a typical council, 
and adding what(wcr comments are requisite as 
to the educational service generally. 

The London County Council. The 

choice of an authority need not detain us for 
a moment, for London possesses in its (bounty 
Council by far the greatest and most influential 
of them all. The explanation is that the sway 
of other county councils is broken by the occur- 
nmee of county boroughs and less important 
education authorities within their area. The 
Jjondon (’ounty Council, however, under the 
terms of its own special Education Act (that of 
1903). is suprenie throughout the length and 
Im^aclth of its district. As Pope said of Addison, 
it “ hears. lik«‘ the Turk, no rival near the throne.” 

London’s Educational Army. The 

(‘ouncil's l^kluration Committee, aecording to 
the last available rc'turris, has charg(‘ of 550 
provid(Hl and 304 non- provided primary s(4iools, 
with a total a\'('rage attendancu' of C5()j508 cliil- 
dreii, and a teaching statl that numbers 18,039. 
It also eontrols the most elTicient set of special 
schools in the kingdom, eomj)rising centre's for 
manual training, wood and nu'tal work and 
household dn1i(‘s, institutions for mentally and 
])hysieally d(‘fectiv(' scholars, industrial and 
truant scliools, technical institutes, and tw('l\T 
training colk'gos. Th(‘ committee* is also giving 
efl'eeit, at an annual cost of £200,805, to tin' 
e4aborate syster)) of scholarsl)ips already men- 
tioned, which is desigiK'd to alTord every capable' 
child in London an e)j)pe)rtunity of securing a 
thorough education free of charge. 

Free Training for Teachers. The 

London County (Council has dewiseel a complete 
and generous system of scholai'ships, by means of 
which the most ])re)mising pii[)ils in its olcmem- 
tary schools may gain a free' eeuirse*. of training 
that will qualify them for pejsts on the (buncil's 
te*aching staff. An avenue of escape is tfnis 
ofl'euvd from ill-paid drudgery and ” blind alley ” 
occ4jpatious : and tlui education authority also 
profits, as tlx' sche*me^ assuri's a supply of ck've'i’ 
and well -trained te'achers. 


37,022 112,993 The lirst step in the future tiiachers care(*r is 

to secure one of the 170() junior scholarships 
The average salaries of the certificated teachers otfered yearly to elementary pupils of the age 
in English public (‘leme'iitary schools, and the ek'ven. 4'ho test for these awards is in English and 

marked upward tiend of salaiies during recemt arithmetic. The scholarships provide free educa- 

years, are sliowm in t he following table. tion in a secondary school for three years at least, 

and are geaierally extended to five years. 
Averaok Masters. | Mistn‘ss(*s. Tlic're are also iiitermejdiatc awards, by 

Anncal . which the fee schooling is continued to 

Salary Ifoael. Assistmit. Assistant. jg je) < 

i«o:t 4 £ir>ei a 6 1 £n2 4 4 j £104 0 1 £80 15 4 Oil reaching the age of 1(5. pui)ils 

1910-11 £176 a j £127 9 11 j £122 18 1 £92 8 6 desiring to become te^achers are^ eligible 

for bursaries." These carry a year’s free 
A detailed account of the conditions of service education, and a money grant as well if the 

under each of the 321 educational authorities — parents’ income is not over £300. During thi 

the salaries they pay and the qualifications they year, bursars are prepared for the entram e 

demand of teachers of every grade — would till examination for training colleges, 

a bulky volume. Thes(? particulars can generally Bursars and other pupils at secondary school", 
be obtained in respect of any single area from the w'hen 17 years of age, may apply for student 
secretary to the education committcic of the tcacherships. These are tenable for one year,. 
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and carry a maintenance grant of £55 for boys Head Teachers. The salaries of head 
and £30 for girls. At the expiry of the year, teachers in the London service are as given 

students whoso progress has been satis- below. There are very few schools of Grade f. 

factory are admitted to a course of 
two years’ free tuition in one of 
the Council’s training colleges, male 
students receiving a grant of £26 a 
year meanwhile, and women £20 a year. 

They then receive the certificate of the 
Board of Education, and are eligible for 
posts in the Council’s sidiools. 

There are also a number of special 
scholarships awarded annually for tech- 
nical and trade instruction, including 
courses of training for women in do- 
mestic economy, and exhibitions to 
apprentices in various trades. 

Fuller particulars of this liberal 
scheme will be found in the London County The principals of i)u pi 1- teachers’ centres. 
Council’s “ Handbook of Scholarships and secondary schools, and technical colleges an' 

Training of Teachers,” price 3d. (post free) from more liberally remunerated, the average rates 

Messrs. P. S. King & Son, 4, Great Smith Street, in London ranging from £500 to £750 a year. 

Westminster, S.W. Su(4i ])osts are frequently advertised, and 

Salaries of Certificated Teachers, attract candidates of considerable scholastic 





The salary of teachers wlio have had two years’ 
training begins at £100 for men and £90 for 
women. In cen- 
tral and higher 

grade schools the • 

rate is £10 a year . 

extra. Certifi- f 

eat(*d teachers " 

holding a degree, 
or training for 
three years, 
r(ieeive an addi- 
tional £10 yearly. 

Men entering 
the CouikmI’s ser- 
vice without a 
college training 
start at £80, and 
women at £75 
a year, but 
they rise to the 
same maximum 
as the rest. I’he 
annual incre- 
ments are, in the . 
case of men, £5 - _ , , . 

for the first two London county uoi 

years, and £7 10s. 

thereafter, to a maximum of £200, subject to a 
special report on reaching £150 ; and, in the case 
of women, £4 to a maximum of £150, subject to 
a special report on reaching £130. 

Regulations for Promotion. To regu- 
late the promotion of assistants to principal rank, 
the Council’s Education Committee has adopted 
the system of framing an Annual Promotion List 
of selected names. When a head teacher’s post 
becomes vacant, no application from an assistant 
is entertained unless his name is on the list. In 
this way the number of candidates for 'such posi- 
tioiw is kept within practicable limits. Men are 
eligible for the list after ten years’ service, and 
women after eight years, but in practice the 
average' term before promotion is about 17 years. 



/i 

. .i Wpf* H m 




attainments and wide experience. 

Instructors in spc(sal subjects, such as teachers of 

(a)olvcry, laundry 
work, and house - 
wifi^ry, must hold 
^ I (‘itlicr lirst-class 

^ teaching diplo- 

mas ill these 
subjects, from a 
recognised train- 
ing school, or 
s o m c h i g h e r 
qu alification. 
^ TIh'v are paid 
£89 a y(‘ar, rising 
by £5 yearly to 
£129. Drawing 
teachers of per- 
manent rank are 
required, as a 
rule, to possess 
the art-master’.s 
certificate, to be 
c a p a b 1 o of 
tiuicbing clay 
modelling and 

THN LONDON COUNTY COUNCIL EDUCATION OFFICES elementary de- 

sign, and to have 
had exj)erience in teaching. The scale of 
salary for men is £175, advancing to £290, and 
for women a minimum of £125, and a maximum 
of £150. instructors in metal-work and wood- 
work at day schools are, in some instances, 
trained, at the Council’s t(‘chnical schools, enter- 
ing as lads at Cs. a week, and advancing through 
assistant grades to tlm rank of instructor, w'ith 
an initial salary of £1(H), and a maximum of £155 
a year. These posts arc sometinu's ofiered to 
outside ap})lieants at the above salary. 

In centres for mentally and physically defec- 
tive children, all certificated assistants rooeivs 
£10 more than in ordinary schools, but are 
restricted to the same maximum. Male teachers 
of the blind, if uncertilicated, begin at £90, and 
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rise to £140 a year ; for women, if uncerti Heated, 
the limitH art? £70 and £115. 

Evening Schools. Most of the teaching 
posts in the Council’s evening schools are held 
by members of the day staff, who receive extra 
pay, varying from 4s. an t?vcning up to £12.5 a 
year. A number of thc'se posts, however, are. 
open to other than officials, and arc advertised 
in the daily Press. In art, scuence, and advjinced 
commercial subjects the usual rate of pay for an 
evening of three hours is I Os. 6d. to instructors, 
and 7s. 6d. to their assistants. 

The conditions of em])loyment for all special 
tt'aehors can be obtained on application to the 
Kducation Officer, L.C.C. Education Offices, 
Victoria Embankment, W.C^. Information con- 
(•(U'liing them is also given from time to time in 
tin? official journal of the Council, “ Tin? London 
County Council (ilazc'tte,” })ublishi‘d wetLly at 
4, Croat Smith Stn'ot, Westminster, S.VV. 'I’o 
comy)lete our survey of the Councirs ediutational 
staff, two further classes of appointments should 
be noticed, whose' duties are administrative and 
<’xeeutive rather than conc(‘rned with teaching. 

Chief Inspector’s Branch. Vaeanei(‘s 
in this braTich are advertised as they occur. 'J^ho 
salaries are as follow : Assistant inspectors, 
£250, rising by annual inercim'uts of £15 to £400 
a year ; district inspectors, £400, rising by £25 
to £000 a year ; divisional inspectors, £600,- by 
£25 to £800 a year. Then* are also inspcc4.or- 
ships of special subjects- namely, art, wood and 
metal work, drjmestic subjects, needk'work, and 
so on — at salaries varying from £120 k) £5(M) a 
year. (Candidates for lh<*se appointments have? 
to bo specially (jualiticd in the subjt'ct in which 
they arc recpffr(‘d to insjieet. 

There are no restrictions as to age or sex of 
candidates for any of tluvso apj mint men ts ; hut 
as the offic('rs appointed are r<‘quire<l t-o assist 
the Ouncil’s district inspectors of day, evening, 
and technical schools, it need hardly be said that 
candidates should have some special (pJalifica- 
tions for these duties. 

The Visiting Staff. Some 350 visitors 
or attendance officers are emj)]oyed in inve^sti- 
gating cases of absence from school, interview- 
ing parents, and otherwise ch(’ckiiig truancy. 
Vacancies on this staff are usually advertised in 
the public Press or in the (.Council’s own organ, 
above-mentioned. Applicants must be between 
the ages of 25 and 36 (40 in the case of non- 
commissioned oftietnvs in the Army and Navy, 
or members of the Police Force of not loss rank 
than sergeant). From among those who are 
successful in an elementary educational test 
the vacancies are filled. Successful candi- 
dates must produce proof of age, and submit to 
a medical examination.* Salaries in the divi- 
sional staff of visitors begin at £80 a year, and 
rise by £5 yearly to £156. There arc a few 
women on the staff. • 

Notes on Provincial Authorities. 

As already indicated, London stands alone in 
the extent of its educational problem, and few 
other niunicipalities have framed a scheme of 
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instruction which approaches that of the capital 
in completeness. Most of the leading authorities, 
however, are giving due effect to the provisions 
of the Education Act of 1902 respecting the 
training of teachers and the co-ordination of all 
grades of instruction. The number of teachers 
furnished by the older regime having proved 
gcmjrally insuffici(‘nt under the new system, it 
has been necessary in many areas to e.stabiish 
other training colleges for pupil-teachers, and 
to promote an adequate supply of candidates 
by means of exhibitions, bursaries, and seholar- 
ship.*4, as in London. 

Jmcal conditions in different parts of the 
country are responsible for luany variations from 
the educational tyiM? displayc'd by the Ijondon 
scheme. In the agricultural districts, for in- 
stance, greater prominc'uco is naturally givim to 
such training as shall lit the senior scholars for 
snccessfid cultivation of the land. Hence, the 
Councils of Lancashire, Hampshire, and other 
counties have (‘stablished farm schools, in which 
jmpils receive? instruction in dairy farming and 
])oultry rearing on a basis at once sc.ii'iitiiic 
and practical. In sonu* instanc(‘s the consent 
of the Jioard of Education has been obtained 
to the iiit roductioii of these subje(4-s into elc- 
mc'id ary day-schools, childn'U of 12 and upward 
h'arning fiirm and garden work for two or throe 
afternoons ('aeh w’C(?k. 

Technical Colleges. In the great 
manufacturing and industrial c(Mitrcs, on the 
other hand, where worksho])s and factoricjs 
absorb most of thi? pu^jils leaving school, tech- 
nic.al training is corrcs])ondingly developed. 

Evening classes and polyte(!bnics afford in- 
struelion not only in applied sciciiee but also in 
industrial subjects — dyeing and l)l(‘a(‘hing, book- 
binding, W'c'aving, and sirjiilar work. 4’he cx])eris 
who teach tlu'se studies are generally well paid. 
The educational staff' of the famous Municipal 
School of Te(dinology at Manch(*sicr, for t'x- 
amplc, includes a din'd or of ])aper- making and 
l)leaehing at £525 a year, and professorships in 
photography and textile fabrics, at salaries of 
oV('r £4(K) a year each. More stri(;tly scientilic 
posts on the same staff are remunerated with 
stip<*nds ranging as high as £700, and the princi- 
pal of the school receives £10(K) a year. Indeed, 
w ith the excej)iion of a few' administrative ht'ads, 
the best [)aid officers in the educational service 
arc usually to bo found among the professors of 
the technical colk'ges. 

A Last Word on the Service. 

(.’omparisons show that the Educational Com- 
mittee for the capital is distinctly more stringent 
as to the qualitications teachers than the 
majority of education authorities elsewhere. 
This is amply compensated, however, by its 
more liberal rates of pay, in which respect it is 
rivalled only by a few of the leading corporations. 

With regard to the education service generally 
we may close as we began, reminding ourselves 
that to have a part in the training of the coining 
race of citizens is to share in a great and honour- 
able national duty, 

ERNEST A, CARR . 



gR OUP ll-LIFE & MIND • THE RISE OF LIFE & TH E ASCE NT OF MAW-CHAPTER II 

The Diversity of the Forms of Life and their Classification. 

Where Animal Life branches off from Plant Life. Vertebrates. 

THE LIVING WORLD SURVEYED 


Yf/iTH our last chapter wo completed our 
W survey of the oiie-cellcd forms of life, noting 
that the existence of sex has lately been 
discovered even so low in the scale ; and wo 
noted also that the many-cellcd forms of life 
arise each by the manifold division and multi- 
plication of a single cell, of which the offspring 
arc not similar but different. With this central 
fact, upon which all else depends, we begin the 
study of the multicellular forms of life, among 
which we ourselves illustrate in a new sense the 
saying that the last shall bo first. 

The Law of Recapitulation. All the 
visible forms of life, of which we know so many, 
as well as hosts of those which can only be seen 
with a lens or lenses, are multicellular. Each arose 
as an individual from a single cell, and each thus 
illustrates a profound and rnystc'rious law, which 
lies at the foundation of the ])rinciple of organic 
evolution--- the law that living individuals 
recapiiulale in their personal history the history 
of the race from which they are deseend<*d. This 
is the. great “ law of recapitulation,” first recog- 
nised by Von‘15aer. We must accept it in a 
moderate form. All the stages in the history 
of the race are vot to be found recapitulated in 
the history of an individual. Many stages are 
often omitted, or merged in orui another, or 
slurred over. Nor can we entirely rely upon 
individual development as a key to the history 
of the race. But when these and other qualifi- 
cations are recognised, Von Baer’s law remains 
fundamental and illuminating. Of all its in- 
stances, none is so constant and complete tis 
the fact that cv(*ry multieellular individual 
arises from a single cell in its own bri(;f history, 
whilo all multicellular organisms arc assuredly 
evolved and historically descended from the 
ono-celled and comparatively primitive forms 
of life. To this law we must later return. 

Multicellular Organisms. But first wv 
must take a more gema-al view of the world of 
the multicellular organisms. Their kinds, and 
the differences between them, are numerous and 
profound — a whale, a mushroom, a bee, an oak, 
a man, all are multicellular organisms. TIutc 
are many scores of thousands of kinds of bc(;Uos 
alone. The kinds of plants arc countless. For 
“kind,” let us use the scientific term species, 
anB say that the earth, the air, the sea, and all 
fresh waters are filled with hundreds and thou- 
sands of species of multicellular living things, 
besides all the unicellular creatures which we 
have already considered, and many of which 
exist as parasites upon their superiors. The 
tremendous question arises, Where did all these 
species come from ? This is the great and 
ancient problem of the “origin of species,” 
which is only second, in our study of life, to the 
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problem of the oi’igin and nature of life itself. 
But we certainly cannot begin to study the 
question of s])eeies at all until wo have properly 
surveyed, in outline, the kinds and the distribu- 
tion of species. Wi? must look at tlie living world 
as “ naturalists,” students of “ natural history,” 
and see what kind of pieture it displays. 

We find an imtliinkable milltitudo of living 
beings, struggling for life with and against 
inorganic Nature and each otlier. Individuals 
soon die, but many leave offspring behind them, 
almost invariably by sexual reproduction, the 
essential fact of which wo have already studied 
with some (!are. The offspring almost invariably 
resemble their parents with great closiMiess, so 
that elephants beget elephants and not roses, 
oysters, mice, or men, and so in all cases. This is 
the obvious fact of heredity, which the shouting 
ignorance of our day is sometimes heard to deny, 
and without which the world of life would 
immediately become unrecognisable. 

Difficulty of Classifying Species. Our 

first task is clearly to try to sort out or classify 
this bewildering variety of species, and to lind 
some order in this apparent chaos. This is the 
task of i]\Q sustematist. The attempt to find system 
and order in the living world was begun, on a 
splendicF scale, by the mighty Aristotle. It has 
been pursued by science ever since, and never 
with more zest than today. 

3’herc is order in the apparent chaos. While 
each species reniains elost'ly true to itself, with 
the rarest cxct'ptions, usmUy of no consequence, 
we can yet see that sonu? species are so nearly 
like othei*s in eertain respects that tliey must be 
thought of togi'ther. A duck and a sparrow are 
more alikc^ t hiiii a duck and a fir. This is only one 
instance of what seems to be a system of miiural 
classification. The mind of man loves and 
requires ordtu— a fact which no philosophy cifii 
ever exhaust or ignore — and our passion for order 
is largely satisfied, though it is also often baulked 
and puzzled, by the living world. Just as an 
(*agle and tomtit are so similar, though so 
different, that wc call them both birds, so we call 
a fir and an oak trees, a minnow and a shark both 
fishes. We can go a long way in this direction, 
and savages today and the earliest thinkers will 
all agree with a modem student. But dilficiilties 
arise. Wo incline to call a whale a fish, or even 
to call a bat a bird, and an eel a snake. But a 
whale is really a mammal like ourselves, bringing 
forth its young alive, feeding them with its milk, 
and having warm blood even in th(5 Polar seas. 
A bat is a mammal, too, and an eel is not a snake, 
but a fish. jC’learly our science of systematics will 
require to look closely at apparent resemblances, 
and to judge more deeply than pojmlar opinion. 
The instances here quoted arc' striking and 
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extreme, but for any one such there are many 
which are subtle, and which perhaps can scarcely 
be decided. 

Transition Forms. Another type of diffi- 
culty is funishod by creatures which seem to be 
one kind at one period of tlif».ir lives. fl.nf| nf 
;somo young creatures live in 
orcathe by gills, and can only be 
called fishes. Yet when they grow up they de- 
velop lungs and limbs, and brea.the air as we do. 
Are we to (5all atadpolp a fish, and a frog a re]>tile, 
or what shall we clo ? Here is a ease of a creature 
which recapitulates the history of its race in a most- 
sensational way, and teaclies us that s|K»eiea 

B into one «another . We have both to dls- 
Bh them ami to relati' them. 

Yet again, when we have ('h'gantly distin- 
guished such vastly dilTen'iit creatures as birds 
and r(^i)liles - the first flying five, the second 
crawling, the first with feathers and the hottest 
blood of living beings, tlu' second with scales 
and cold blood, the first with wings and no teeth, 
the second with teeth and no wings— we dig 
among the rocks, and, behold ! a fossil being of a 
kind iiowh(‘r(^ now r(‘presented in the living 
world, which was neither reptik' nor bird, but 
yet was both, a bird with teeth, a rentile with 
wings . We can only conclude that once there 
existed transition forms from iei>t ilp tn hird. 
and tliat t lie lark is (teseepd(>rL ;i.se(>nd(>cL from 
Ibif •* startling as it is 

sujierb. Bui consider what a task is ours today 
wlum we try to arrange llu; li\iiig world in its 
species ! The task was (‘asy when no fosisils were 
known, when the strang(‘ individual develop- 
ment of many cr(*atiir(*s was unknown, and when 
it was supp()S(‘(l that l)(‘ity had niad(‘ all the 
different kinds of plants and animals in the 
beginning as they are now. On the other hand, 
the study of speei(‘s is far mon^ worth while now 
than then. Then it could have no meaniiig ; 
living forms were what they were by the eapricc 
of Deity, and no further sense or reason wtus to 
be looked for. >sow the transformation of the 
tadpole, the teeth of t he [uimitive bird, and verily 
every minutest fact which tlie knife, the micro- 
scope, and the test-tuls' eaii (lis(i«)ver about any 
species, either means som<‘tliing new or will 
certainly be found to have a meaning sonu^ day. 
Let us try to look at the ehaos-eosmos of the 
living world in this way. 

The *• V” of Lrife. At least one immense 
fact is clear — that the living beings w(v know 
may be divided into two mighty 
as the old naturalists called them the ‘^‘ animal 
kingdom ” and the “ ve geta ble kingdom.” Eaeh 
comprises myriads of wliieh range in 

size from the microscopic to the immensity of 
the fossil reptiles of North Africa, or of the great 
trees of the North American continent. Yet an 
amoeba is more nearly related to a mammoth or 
whale than it is to a microscopic, one-celled green 
jjlant — at least in the fundamental chemistry of 
its life. The amooba . like its tremendous relative, 
is an animayfeeds and moves, a nd has its being. 
fih;e while the apparently very similar 

ala y iAri^ plant, radically different in its mode of 
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life. We have already studied this fact, and 
know that the difference between the animal and 
vegetable kingdoms is fundamental, and that all 
animal li 
m its turn, d 
directly witn suiiUgh t. 
nrr we must arrange these kingdoms in an 
historical or evolutionary order, as our later 
chapters will show to bo necessary, we are struck 
by the fact that the simpler forms of each resemble 
each other more closely than the more complex 
forms. 'Phe arnceba and the one-cellcd alga are 
much more alike than the whale and the oak. 
Interpreted by the light of the idea of organic 
evolution, this must mean that the two “king- 
doms ” have had a coinniip origin, trom wtiicn 


t ney liave since aiwrgcci. 

We might lhusi‘prosent the whole of the 
living w^orld as aXTy At the "extremity of one 
limb would be monkeys, apes, man ; and the 
great flowering trees, oak and secpioia and so forth, 
would b(‘ at the exinirnity of th(^ other. At the 
starting jilace of the V we should havi‘ no diffi- 
culty in finding forms of life which are both 
animal and vi'getable, or n(||||er. These creatures 
are a great puzzle in many ways, and need 
(xjMMt study, but their existence has this 
satisfaction for the mind: that they serve to 
indi(‘at(^ thi' kind of undifferentiated or un- 
speeialised forms of lifi^ from which the definitely 
animal and (((‘finitely vegetable have aris(*n. We 
have* already serui the ease of the bacteria. whicJ i 
a,r(L called plant s, and consid(‘red lo furnisti the 
fium blest department of botany, but which. iiL 
their (\ssential fact of nutrition, are ammaL as 
lire all the f ung i. Un other grounds we may 
decide to call mf' bacteria plants, but they show 
that living forms are a V, at the b(‘ginning of 
which tlu‘ (dear distiruhion betw(‘en the animal 
and the vegetable cannot be drawn, beoausc it 
has not yet come into existence. 

The “Y” cf Life. But this oftcu-iis(‘d 
comparison must be improv(id upon, because of 
our discovery t hat the whole of the animal world 
deiiends for its existences upon the vegetable 
Avorld. Thenffore, a more accurate comparison 
would be with the lett(T Y ; and w'o must allow 
that the stem of the Y cnrlowed itself with the 
gift of chl orophy ll somehow, and that-, then, the 
animal stem could start on its special and 
div(;rgent path. 

When wc compare the animal and vegetable 
kingdoms, the first fact we observe is the deep 
similarity between them, after all. Both consist 
of individuals that must br^tfie and fegd, that 
(fig and reproduce ; both display the fact of sex ; 
both consisTmost conspicuously of multicellular 
individuals, each of which developed from a 
single cell, itself the product of the fusion of two 
cells, derived from parents of opposite sexes; 
both exhibit adag^ion to the circumstances of 
life — and the list of similarities might be in- 
definitely continued. Not to insist upon them 
before we proceed to differences would be to 
forget just what the study of life has triumphed 
in proving. The identi ties — more than simil* 
arities — between aiunlal8**and plants are im- 
measurably more important than the differences. 


In. all its varieties, Life is One. Plants are not 
half -alive, nor alive in a manner of speaking, 
nor partial achievements along lines where 
animals have wholly achieved. Plants are as 
alive as wo arc, in all essentials of life; and 
Wordsworth was far nearer the truth, as modern 
biology is revealing it, when he said, “And I 
believe that every 
flower enjoys the 
air it breathes,” 
than the nine- 
teenth century 
supposed. 

Therefore we 
must have and 
pursue one single 
study of life, 
which we call 
biology; and the 
science of animals, 
or zoology, and 
the seJence of 
plants, or botany, 
must hci looked 
upon as brandies 
or dejiartments of 
biology. We must 
have deep(U‘ ways 
of recognising lih^ 
than, for instances 
by vnvvemmt. We 
sc;c an insect craw- 
ling over a leaf, 
an(l we call the 
insect alive, and 
think of the leaf 
as (‘.oniparatively 
lifeless. But tlui 
truth is that (for- 
tunately for in- 
sects and all other 
animals) the vital 
powers of the leaf 
take a different 
direction, which 
shows itself in 
movement to only 
a very slight 
(though definite) 
degree, but which 
is just as wonder- 
ful and every whit 
as vital. Also, let 
us cl void the popu- 
lar error of using j 
the term “ ani- 
niaP’ to mean 
only mammals. 

An amoeba, a bird, a bee are animals, just as 
nfuch as cattle or dogs are. 

In order to correct our unconsidered ideas, we 
should have^a kind of bird’s^eyS view of the two 

kingdoms ’* in our minds, and should be always 
•ble to refer any living being we see to its place 
Diiglity System of Nature, as Linnaeus 
called it. Thus, if we ascend along cither limb of 
the Y of life, what fofhis shall we successively 
encounter ? Merely to classify is not sufficient. 



A GIANT PTKBODACTYL 

From a restoration in the grounds of tlie Hagenbeck Park, near Ilamburg. 


GROUP 11— LIFE AND MIND 

We must know whether to i3laco reptiles above 
such creatures as frogs, or below them ; whether to 
place ferns above violets, or below them, and so on. 

Determination of the Highest and 
Lowest Forms of Life. How aro we to 
measure the heiglit of any creature in the scab*, 
of life ? The fossils and "the history of life will 

help us, to some 

degree, because 
ill general the 
highest forms of 
life aro the most 
recent. But that 
is not a constant 
rule, for unfor- 
tunately evolution 
does not neces- 
sarily mean pro- 
gres8,though there 
is no commoner 
delusion in popu- 
lar biological 
ideas. 1’hcro has 
been, and always 
is, retrogression, 
degeneration, as 
well as progress. 
Nor can we judge 
by size. A man is 
higher— nay, a rat 
is higher— in the 
scale of life than 
an extinct reptile 
that measured a 
build r(?d feet long. 

Wo shall nu;(‘t 
with more success 
if we judge by 
c o m pi ex i t y of 
structure, though 
that is not all, or 
enough, as we 
shall see. But it 
is much. We have 
a I r 0 a d y learnt 
that the vast ad- 
vance from the 
unicellular to 
the multiccdlular 
forms of life con- 
sists in the fact 
that the latter arc 
not merely niany- 
celled but differ- 
c/i/-C(‘lled. The 
mimb(}r would bo 
perfectly futile 
were it not for the 
rior to a toadstool 


difference. A man is not h\\\w 
or a gibbon because he more cells in his body, 
but because he has more kinds of cells in his body ; 
and when we conclude, as we shall, by noting 
what kinds yf cells a man has more of, we shall 
have discovered the whole of the truth. 

The fact that a living being has different kinds 
of cells in its body means that its* vital powers 
become far more varied and efficient and 
admirable. Any biologist would unhesitatingly 
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mark a bco far above an oak, for instance, even 
though the oak is so large and glorious, because 
the boc really has vastly more complexity of 
structure, more kinds of cells, in its little body 
than the oak in its big one. The immensity of the 
oak depends upon repetition oj parts^ and the 
wonder of the bee upon difjerentialion oJ parts. 
The oak has many leaves, for instance, but they 
are all similar, and many woody fibres in it, but 
they are all made of similar wood forming cells. 

Tests by Complexity and Differentia- 
tion of Structure. Judging by complexity 
and difTcrcntiation, therefon*, and not by mere 
number as such, let us note how, in the agreement 
of all biologists, the map of the living world may 
be outlined. First, for the vegetable kingdom, 
which can claim superior antiquity, we find, after 
the long inquiry which our predecessors have 
mode, that two great classes may bo recognised. 
There are plants which bear flowers, and those 
which do not. All which bc^ar flowers are more 
closely related to each other than any of them 
can be to plants which have no flowers. The 
violet and the oak belong equally to the superior 
and later class — siz(^ has nothing to do with it. 
The reader may j)ossibly be surprised to think 
of the oak as a flowering plant, but so it is, and 
so are all the otlier great trees, with many of 
which wo arc so familiar. Many may have very 
inconspicuous flowers, but all bear true flowers, no 
less than the rose, or than such a nuuuber of 
their own group as the horse-chestnut. 

Botanists have learnt that the tlowers are the 
reproductive organs of the plants which jiossess 
them. But other plants have reproductive 
organs which, instead of being apparent, are 
hidden. Therefore the flowering plants arc called 
phanerogams — literally, visible marriage ; and 
the others cryptogams — literally, hidden marriage*. 
Among the cryptogams, travelling npw’ard, 
W'c meet the algte and fungi, which we have 
alreatly studied to some extent, and then tlu*. 
mosses, and then the ferns, A whole Viist age 
in the histoiy of our globe, the age from W’hich we 
now gather coal and all its consequences, corres- 
ponds to the dominance of giant ferns in the 
vegetable kingdom ;* and students of the history 
of botany search for and And with deep intere.st 
the earliest evidence of the first flowering plant or 
phanerogam. Even greater and greater com- 
plexity of structure — which means always, at 
bottom, greater variety of cells — is the feature 
of vegetable life as it ascends ; and on this 
profound ground w^e must reckon “ the meanest 
flower that blows ” above the tallest and most 
luxuriant fern that ever was or will be. 

Now consider the animal kingdom, and let us 
try to arrange the order of the different forms of 
its life in ascending series, using the same 
criterion, complexity of cell structure, as in the 
last case. Just as there we found a natural 
classification into two groups, with or without 
flowers, so here we find a natural classification 
into two groups, with or without llackhones, A 
backbone or spine or spinal column — all tliese 
names are synonymous — consists of a large 
number^ of relatively small bones, piled in a 
colunm.upon one another. These bones aro^called 
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vertebr®. Hence the backboned animals are 
technically termed vertebrates, and the backbone- 
less are termed invertebrates. 

Vertebrates— the Higher Animals. 

Generally, and on the whole, with one tremendous 
exception of profound significance, as has been 
pointed out by Professor Bergson, in whose class- 
room in Paris these words are written, the ver- 
tebrates are the higher animals. They are c(^r- 
tainly the higher in that they include man, the 
highest form of life hitherto. They are certainly 
evolved from the invertebrates, as the phanero- 
gams are evolved from the cryptogams ; and, as 
in that case, they arc certainly more recent in time 
as a whole. Only we must now and henceforth 
beware of the disastrous error into which the 
theory of evolution has fallen until lately — tlui 
idea that evolution is linear, and proceeds in 
successive stages along one line or not at all. 
Life is not thus limited. The Y of life is really 
a tri'C. 

The invertebrates may give rise to vertebrates, 
and thence even to man, but this does not mean 
that the invertebrates cannot develop along 
other directions, without the evolution of a back- 
bone at all, or that those other developments 
may not be great and wonderful. In fact, this 
has happent‘d ; and he w'ould bo a very shallow 
find thoughtless biologist who ranked a cod 
above a bee or an ant because the cod has fi 
backbone and they have none. Even in respect 
of time, in the light of the new idea that evolu- 
tion is not confined to one line, we realise that 
the .social in.sects may be much more re<!C‘nt 
products of the evolutionary process tluin not 
merely any fish, but quite possibly any mammal, 
including even man himself. 

The Route of Evolution. It is b(‘yoml 
question to Professor Bergson that W'e owe the 
idea and the proof that the evolution of life 
may j)rocecd and does proceed along not one liiu' 
but many, and that each of these lines must be 
studied impartially, and not merely the liiu^ 
wdiich has led to us, if we arc to realise the* 
whole range of vital possibilities, and even if nr 
are fully to understand ourselves. Life may even 
attain similar results, for its own good reasons, 
along utterly dissimilar lines. The eye of the 
invertebrate scallop is very similar to our own, 
though they lie along utterly different evolu- 
tionary lines; and the insects have achieved 
wonderful and admirable societies, for vital ends, 
no less and often much more than man himself, 
though we should have to go back almost to the 
beginnings of Life in order to reach the point 
whence diverged the lines that have led respec- 
tively to the bee and to man. 

. Ascent in the AnimaL^ Kingdom. With 
these principles grasped and remembered, we may 
venture to arrange the animal kingdom in an 
order which is, on the whole, an order of tinu' 
and of ascent in the evolutionary scale. Likt- 
the vegetable kingdom, this begins in forms of 
life which are neither animal, nor vegetable, but 
yet are both. The simplest typical and repn - 
sentative animal is, of course, the now familial* 
amoeba. Above it and its unicellular fellow.s— 
many of such tragic and horrible importance to 



ourselves — come a vast multitude and apparent 
chaos of multicellular but invertebrate animals. 
Low in the scale are such creatures as sponges 
and star-tishes. Then there are the worms; and 
wc may be sure that the insects hav<* evolved 
from the worms, l)e(;ause (among other reasons) 
we find a worm- stage;, as it were, in the history of 
individual insects, as we found a tish-stage in th<‘ 
history of individual frogs ; the caterpillar 
becomes the buttertly. But it is impossibh* to 
arrangii the invt‘rtebrates in a logical and con- 
tinuous seri(‘s, as av(' practically can arrange 
th(; vertebrates. 

This is not our fault, though stud(‘nts hav(‘ long 
tried to remedy it. The reason lies in tla; nature 
of the facts. Tlie various kinds of invertebrates 
have not evolved fi«om one another along a single 
line. They are evolving along many lin(‘s; ari<l 
only if we lia.d Avhat we caji never have, a com- 
j)lote museum of all the invertebrate* forms that 
have (existed but are 
now extinct, could we* 
really arrange the; in- 
v(‘rtebrat(‘s in their na- 
tural Halations. Here, 
therefore, no more will 
1)(* said about them, 
save* to insist that cer- 
tain kinds of inseeds, 
already named, re- 
present the. high(‘st. 
aehi(?vement of inver- 
tebrate life hitherto, 
and that no man can 
say how far lib; may 
not ase(‘nd in that di- 
rection. The supreme 
mark of these insects 
is the dev(;lopm(‘nt in 
them of the miracle 
called instinct ; and 
one of tho greatest 
services of Bergson to 
modern thought is his 
recognition of the im- 
portance of this vital 
development for tlu^ 
understanding of the 
minds and the behaviour not m(‘r(‘ly of iusecls 
but also of Lift; as a wdiole. 

The Origin of Vertebrates. But, what- 
ever Life may yet be going to do along invertebrate 
linos, certainly great things have been done along 
the lint; of vert(‘l)rates. (iur first (piestion is as to 
tho origin of these vertebrates. From which of 
the known kinds of backboneless animals did the 
backboned forms emerge ? This is a (piestion 
which we should be able to answer, but we can- 
not. A distinguished physiologist, Dr. (laskell, 
hajs argued that the type represented by the 
king crab offers tho origin of vertebrates. Few 
agree with him, but other suggestions are perhaps 
equally open to criticism. The origin of verte- 
brates thus remains one of the unsolved 
jiroblems of biology, and it would be useless for 
us to attempt to discuss it here. All we need 
know is that the period must have been very 
remote, and that apparently a complete back- 
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bom; did not come into existence all at once, for 
we find beings which have only a backbone 
at the head end of the body, as if the rest of it 
had not yet developiM:!. 

We have insisted upon the backbone, made of 
vertebne, as flu* feature of the verti'bratcs. 
But the ease; might Ix^ put more generally, 
(’ompare a lobster and a fish. The differences in 
stru(;ture are numerous and immense. But by 
far the most striking is that the skeleton of the 
lobst(^r is oiitsid(‘ its body, while that of the 
fish is inside its body. Tlie inv(‘rtebrat(*s, if tlu*y 
have a skeleton at all, liave an ero-.skeU'fnn, as it 
is called, e.v.o b(‘ing Greek for without, but 
all v(‘rtebrateH hav(‘ an rmh-skclefon, PH(h being 
(ireek for within. The shell or ease or hard 
(Covering of an invertebrate is not bone, iior 
anything lik(* bone (*xeept in its hardm'ss. 
VtTtel)ral(‘S havi* a endo-sk(‘let()n, of which 
the most ebaraeteristic part is the baekbom*. 

But then* is an ex- 
(u*j)tion to this, few 
sometim(*s we find 
gristle* or cartilage in- 
sb'ad of bone. Then*, 
an* many cartilaginous 
lisbes which have no 
true born* at all. Ibit 
tisb(*s are the lowest 
and (‘arlit‘st verte- 
brates ; and our own 
b()n(*s, in most eases, 
an* d(‘V(*Io}>ed, in our 
individual history, from 
cartilage*. Wo may 
then*for(*, applyingVon 
Ba,(*r‘s law, (xmeludc; 
that the bony skelt;- 
ton of vc'rtebrates was 
first of all cartilagi- 
nous. W(‘ also note 
that there is no (*volu- 
r i () n a ry (*ontinuity 
from the hard (!()V(*ring 
of any invertebrate to 
the (iartilaginous or 
bony sk(*letons of ver- 
tebrate*. 'Fhe verte- 
brate skeleton was something entirely m.*w in 
tho evolution of living forms. 

Orders of the Vertebrates. Finally, a 
paragrai)h will sutlieic to state; the sequence; and 
name;s of the chief divisions of vorte‘brate*s. 
These divisions are te*ehnieally called orders. 
First, oldest, lowe;8t, simplest, are; the; fishes. 
Next are the; atnphibians., such as the frog, which 
are, as it were, fishes in youth, and when mlult 
become practically members of the ne*xt order, 
which is the order of reptiles. We have already 
incidentally learnt that the ref)til('s are; the 
(‘volutioriary parents, K^mehow, of the* order of 
birds. Also, from the re()tile‘S, or else from the 
amphibia, there arose the order of mnwmals ; 
and the Msftnmalian Order e.omprises a lemg 
succession and divergence; of families, culminating 
at present in the “ jjaragon of animals,” as 
Shakespeare called him, whom wo know as the 
Oentis homo or man. C. W. SALEEBY 
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GROUP 12-BU$IWE8S * THE MARKET-PLACE OF THE WORLD-CHAPTER 11 < 

Letter Copiers. Calculating and Bookkeeping Machines. 

Cash Registers. Duplicators. Dictation and Time Recorders. 

OFFICE LABOUR-SAVING DEVICES 


'T'iik Htress of modern competition and the 
* small margin of profit that it allows make 
it important that every business organisation 
should cfh'ct all possible economies in time and 
money. For this purpose many ingenious 
labour-saving devices and systems have been 
plaecul on the market. The number of these is 
exc(.*edingly large ; and in this chapter we review 
some of those that have proved Ihernselves of 
general utility. 

Letter Copiers. There are several self- 
pressing copy books which are light, handy, and 
very compact, costing only 3s. (kl. to 58. (id. each, 
according to size, while the refill books can be 
obtained from Is. 3d. to 2s. 3d. This device is 
us(iful to those with a small amount- of corres- 
pondence, or to travellers and business men on 
their holidays. The letters are placed under 
dam])C(l pages in the ordinary way, and the book 
in then rolled up either on theiablc or in the 
hands, the result being a good co})y of either a 
single letter or a number of lettei’s. The Zimer 
Self -Copying Book appears to lx; one of the 
cheapest of the portable copying jiresses. 

There are also several roller ]U'(‘ss copiers, the 
ncwe.st being fitted with an automatic cutting 
attachment, enabling from thirty to forty letters 
to be copied in a minnte. The machine works 
by turning a handle, which brings the letter and 
tho copying paper together and then cuts oil* 
the co])y at the right |';osition without any heh) 
from the op(*rator. It is fool-]iroof against any 
premature use of the cutting- knife. There are 
two types of 'machines : one uses some kind of 
water bath winch wets the coj>ying paper, the 
other uses no water, but has a ]iaper specially pre- 
pared to take clear copies without being w'etted. 

The Roneo Letter Copier, Ck)sting from 
twelve guineas, this is one of the best machines that 
do not use a water bath. 1 1 can be w orked cither 
by a handle or by turning on an electric .switch. 
There is no drying drum, and if the original 
letters arc fed askew into the copier, the machine 
automo-tically straightens them so that the 
originals arc not creased or blurred. As many 
as twenty copies can bo lakt'ii from one original, 
cither hand-written or typewritten. Tho Shannon 
Letter Copier is a good example of tho wet paper 
machine. It costs £13 and upwards, with the 
rapid cutting attachment. 

It should be remembered that all letter copiers 
pay for themselves in a short time by saving the 
cost of expensive letter books and screw presses 
or carbon paper. Tho copies, moreover, are 
valid in a court of law. * 

Mechanical Carriers. Wires, ball or 
gravity railways, pneumatic tubes and electric 
carriers, are used. The simplest and fjheapcst is the 
wire carrier. Worked by propulsion by pulling a 
handle, the carrier runs up steep inclines, round 


comers, and over bridges between various 
departments. The wires are supported by 
stations either in the ceiling or in the floor, and 
t he latest mechanism is instantly adjusted to high 
or low speed. The car is usually designed to 
carry cash and bills to and from the sales counter 
and the cash desk, but attachments are supplied 
for convoying papers and pass books. The 
horizontal wire message-carrier is also adapted , 
for transmission of paper bundles half an inch in 
thi(;kness in counting-houses, order and despatch 
departments of wholesale and retail establish- 
ments, and in banks, insurance offices and 
factories. In the new' types there is no compli- 
cated mcehnnism, and the operation is simple 
and certain. 

The cash and document lift is also simple and 
cheap. It coniKTts dilTerent storeys, and is a 
speedy nu'ans for eonvoying cash, documents, 
and orders, messages and small packages from 
floor to floor. It is worked by pulling a handle. 
Th(i ball or gravity cash railw'ay was introduced 
in the early ’eighties, and is still largely used. 

A Pneumatic Tube Device, The 
pneumatic despatch tube is the most pny;- 
tical means of intercommunication over an 
entire building. One of the simpbst systems is 
the Lamson Foot Power S(‘rvicc, designed for use; 
in "comparatively small retail businesses where a 
power- operated i)lant would bo out of tlie 
question, or w'liero structural conditions aie 
against i he working of other systems. It consists 
of a cabinet with an air compressor and a lover 
that is worked by a movement of the foot. The 
cabinet may bo litted with half a dozen tubes, if 
necessary, for comniunicating with stations in 
six diflerent parts of the establishment. Small 
manufaclured parts can he sent for finishing or 
assembling from place to place in factories, and 
the'work of hotels and clubs, warehouses, stores, 
and offices generally is quickened and cheapened. 

The power-operated pneumatic tube soon pays 
for its rent or purchase in large establishmentir. 
Continuous service and consecutive delivery of 
carriers make the tube of greater value than even 
the telephone and telegraph in tho actual 
handling of business. There aro various ways of 
working tho tubes, by air pressui’e, or suction, 
or a combination of both, and by a 'continuous 
current or an intermittent current. 

There is also a pick-up and delivery carrier 
which automatical^ picks^ip papers from a 
despatching shelf and delivers them on to a 
receiving shelf in another part of tho building, 
and then picks up and carries to its destination 
any documents on the neighbouring shelf. It 
can be used for working a central or distributing 
station, with a line of shelves for despatching to a 
number of single stations. The articles havn 
only to be plac^ on the right shelves, the carrier 
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does the rest. The system is operated by a 
belting attachment to a small motor. 

Tn the cable system there is an endless ever- 
rnnning cable track that whirls to their destina- 
tion every kind of small article. The working 
cost is extremely small ; a tiny half-power 
electric motor will operate, at high speed, ten or 
more assistants’ stations. The motor can be 
started or stopped just as easily as an electric 
light can bo turned on and off. Every box 
unerringly delivers at its ])roper station, travelling 
at a speed of (500 to IKK) ft. in a minute - round 
corners, upstairs, downstairs, through w'alls [im\ 
floors. The cash desk can be placc'd in any ])art 
of the building, so that valuable* selling and 
display space, which would otherwise bo given 
uj) to the cashier, can b(^ utilised. 

The cost of each of these mechanical carrier's 
depends on the length of the line and other 
conditions of service. An estimate and scheme 
(tan be obtained without any charge from a 
g(X)d firm, sinth as the inventors of the pneumatic 
cash carrier, the Lamson Stor<‘ Service Co., Ltd. 
The systems when installed can cither be leased 
or bought outright. 

Automatic Numbering and Dating 
Machines. These arc used for numbering doeu- 
m(‘uts, orders, packages, records, tickets, and card 
indexes. Th(‘y have various movements which are 
governed by the position of the pointer on the 
dial in front. The machimi with three Tnovo- 
ments will print (uther consecutive numbers or 
duplicate im])ressious, or it will rep(*at. 8om(‘ 
machin(‘s of the Jat(^st tyjx* have seven move- 
mei\ts. Every iirtui the machine is used the 
number advances to the next Iiigh(\st. Both the 
change of numlK‘r and the inking are automatic. 
The figures are of stcc'I, and they work with 
rapidity and absolute accuracy. A good machine 
costs about 42s. and U[)war(ls. 'J’here has also 
been introduced a self-inking dating machine 
with steel figure wheels for cancelling rnsuranee 
stamps in establishments where a large number 
of insurable employees are engaged. The price 
is 14s. ()d. 

Cheque Protectors. These are employed 
to prevent any forger from increasing the amount 
for which a cheque is made out. The ("heque 
Protectograph cuts the tigiiros ind(‘libly into the 
paper, so that erasure or alteration is impossible, 
A dial controls all the operations of the protcefo- 
graph. The ju’ice is £7 7s. The Chicago cheque 
perforator works by single figures. The handle 
is turned the desired character on the dial and 
then pushed down so as to ensure a full stroke. 
The operation is repeated on each character until 
all the figures are perforated into the cheque, 
which is then removed by pressing a lever. 
The price is 503. 

Calculating Machines. Thc.se are of very 
various kinds and uses. One of the simplest 
is the printer-adder or lister, which prints the 
figures as well as adds or subtracts them. It 
is w<>rked from a keyboard like a Wpewriter, 
and is small, compact, and light. It is very 
useful in making out monthly statements of 
acoounts from the ledger for customers. The 
operator transfers the dates and amounts from 


the ledger as fast as ho can read them. When 
the account is (iompletcly transcribed the total 
key is pressed, and the machine automatically 
adds up all the figures, and ])rinis the total at 
the end of the statement. Thus the pencilled 
total in the ledger can be checked, as the 
monthly statement is incapable of being wrongly 
added up. As many as 800 statements can be 
turned out in a day by a single machine. 

No (‘Xpert bookkeeper is n(*(xl(xl for the work. 
It is a mere ma.tt(‘r of e(jpying. The hidden 
whe(‘ls of the machine d(^ all the figuring. If 
tw^o or more copies of each statement are re- 
quired, for trav('ll(‘rs or oftioe record, carbon 
copies can be made on the machine as on a 
ty])ewrit(‘r. I’he work of taking out a trial 
balance can bo done*, in half tlu^ usual time, 
and with an electrically oj)cratcd listing machine 
the task is still more* rapidly p(‘rformed. A 
re[)eat key obviates the n(‘e(j for tyj)ing out 
it (‘ins of similar amounts, and in the printing 
1h(‘ dates and thc^ figures are distinguished by 
dilTcn*nt colounxl inks. From £25 to £180 is the 
pri(je of a Burroughs adding machine, which 
is one of the b(‘st known of tlu' printer-adders. 

Multiplication and division can ho done on 
an add(‘r or listing machim* ; but tlu^se opera- 
tions are more ivisily oarrit'd out on another 
kind of k(‘yl)oard machine, which docs not print 
as well as ealeiilatc^. The simpler adding machine 
is not so useful in making out monthly state- 
ments as is a print, (‘r-adder, and in banks, 
where a list of items added has to be made 
out (‘it her by hand or by machine, it is not so 
s(‘rvi(a‘able as its rival. Ihii in most other 
mercantile, manufacturing, insurances, and rail- 
way (‘alculations the simple adding machine 
s(*(*ms to 1)0 the sp(‘(‘diest m(‘chanism. It multi- 
plies five to 8cv('n times as fast as with a pencil, 
and divides four to five limes as quiekly. In 
addition it is claimed to be twice as rapid. 
A sim])le key stndee iloes all th(^ work. Mis- 
laki's us(‘d to occur through a key not being 
sufficiently di‘press(‘d sometimes to move the 
calculating wheels, but in the latest machine a 
locking device comes into actiem if a k(‘y is 
not properly struck, and the instrument refusijs 
to work until the error lias been rectified. In 
the departments of bookkeeping, pay-roll, cost- 
keeping, billing, and accounting this machine 
is a great time-saver with absolute accuracy. 
One of the best models is the Comptometer of 
the Felt & Tarraht Manufacturing (bmpany. 
It costs from about £50. 

For the intricate calculatioiLS of actuaries and 
other computers a machine known as an aritho- 
metcr is largely used. Working by means of 
slid(*8 and markers, it is not so rapid as a key- 
board adder, but in difficult figuring it is a tirru^ 
saver of high importarico. It is used in Govern- 
ment offices, insurance companies, and by princi- 
pal computers everywhere. The special claim 
made for tha I.ayton Improved Aritl.ometer is its 
reliability. It is designed to w it hsta nd the hardest 
wear, and it shows in plain figures all the operations 
performed, so that the human element is reduced 
to a minimum. The new model lias an electric 
drive. The machine costs from 25 guineas. 
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Bookkeeping Machines. These are a 
combination of type^vriters and keyboard cal- 
culating machines. They write in books, loose 
sheets, or cards of any size with equal facility. 
The invoicing-adding machine enters into day- 
book, and at tlic same time charges to customer 
and makes out tlie invoice. (Carbons a!te in- 
serted where duplicate invoices are required. 
Simultaneously w'ith making out the invoice 
and day-book entry, the machine automatic- 
ally adds the item with mechanical precision. 
The totiils are automatically entered on a moving 
proof-sheet, wliitdi provides a daily record of 
all entries made. Compared with the old way 
of making entries by liand, the machine saves 
one writing and one checking, because invoi(;e 
and charge must agree, and both items must, 
bo correctly totalled because they are machine- 
added at the same time. 

The bookkeeping machine posts to ledger and 
simiiltanoously makes out the statement, adds 
the totals and funiisbes facsimile evidence of 
all work done. The old w'ay of bookkeeping 
w'as first to write tho entry, tlieii to add tlici 
figures, and afttTwards to chock for mistakes. 
The macluno reduces these Ihreo tasks to the 
single operation of making tho entry. The 
single operation of typing the entries posts to 
ledger, makes out tho statement, aiitoniaticnlly 
adds the figures, lists the totals — bot h debit and 
credit — and prov es the w'ork correct ; for the 
total of ledgt'i* entries must agree with the total 
charges in tlio day-book, journal, or other post- 
ing medium. Jf the bookl<(‘(‘]K'r has made a 
mistake tlio machino automatically shows it U}) 
on tho proof-sheet, and the error is at once found 
on tho day it is made. 

The wearisome labour of taking a trial balanot^ 
is done aw'ay with. Taking a balance is reduced 
to the simple operation of assembling and listing 
tho lodger entries, which are ready to bo taken 
olF at the end or any part of the month, 'riio 
best machiiu‘s w'rite on a wade, flat surface, all 
writing plainly in sight and instantly availal)le ; 
there is jx^rfect tal)ulation in all columns — every 
page as clear as a line of ty i)e. Tho Klliot-Fisher 
Company’s machine enters to ledger at the rate 
of ISO to 200 posting.s an hour, and effects 
cconomic's which soon pay for its flrst cost. 

Some linns use a carbon in writing invoices 
and making day-book entries, and so perform 
these double oj)erations at the same time. This 
can be done by tho Loose- [^caf Day-board, by 
pen and ink wTiting in the (ordinary way. 

Typewriting Devices. The Wahl-Keining- 
ton typewriter calculates as well as types. 
A small but excellent adder is fjistem'd to the 
front of the machino and conneettrd with the 
figure keys, and it gives on a front dial the 
total of all lists of figures»that have been typed. 
At a touch on a lever the machine subtracts 
instead of adds. If tho operator should attempt 
incorrectly to typo the total given «on tho dial, 
the machino locks, and will not work, and tho 
dial shows the exact amount of the mistake. 
It is a typewriter with a brain. , 

Tho Haminond Multiplex typewriter has an 
instant c|Miige of type or language that is brought 
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about simply by turning a button. The action 
of tho Multiplex is under automatic control, 
giving a uniform imprcs.sion entirely independent 
of the operator’s touch, thus doing away with 
all the trouble of learning typewriting. The 
reversible carriage enables the operator to write 
in cither direction for such languages as Hebrew\ 
Persian, and Arabic. A mathematical model is 
also made, enabling engineers, professors and 
others to write in cither higher or lower mathe- 
matics. The cost of tho small model Multiplex 
is £21 9s. fid., and that of the mathematical 
model is £24 9s. fid. 

Among the small labour-saving devices for 
typewriting are paper and book holders that 
keep the operator’s notebook or other copy in 
such a position that there is no necessity to stoop, 
and all strain on the neck and back is relieved. 
The Balaban holder is one of the best, and its 
cost is 7s. fid. and 10s. fid. Typewriter desks 
are another useful invention. They have the 
appearance of ordinary writing tables or desks, 
but on lifting a flap or raising the top there is 
brought into position tho platform upon which 
the typ'^writer rests at a convenient height for 
typing. At the back of some of these disap- 
j)caring typewriter tables is a large stationery 
rack, which always remains in an upright position 
during the closing of the table. The tables cost, 
from £5 1 fis. ; the desks aro rather dearer. 

A little time saver in typewriting is to have tlu'. 
full stop on the shift key as well as on the ordinary 
key. The use of two- coloured ribbons can often 
be avoided and more work can bo got out of th<; 
ribbon by using a red carbon when a red impres- 
sion is required. In typewriting postcards thesij 
should be obtained in strii>s to prevent tho 
s{‘parat(j card from shifting in the machine. 
They cost about 8s. fid. a 1000 when printed 
with the name and address. 

Registering Tills. Those are mado in 
great variety, adapted to every kind of selling 
business. Ill one of the simple kinds, a lever has 
to be set to mark the amount of tho sale ; then, 
on tyming a handle, a bell rings to announce the 
transaction, a public indication of the amount 
apfiears, the cash drawer opens, the item is 
printed on detail slip, and a receipt is printed for 
the customer with the date, the initials of tho 
assistant, tho proprietor’s business card. An 
autographic attachment enables written details 
of (he sale to be made opposite printed amounts 
In the better class of machine there is an adding 
mechanism, and a keyboard by which .the 
transactions arc more? rapidly registered than by 
lever setting. For large' and very busy shops an 
electric motor is employed tooilrivo the register- 
ing machinery without any turning of a handle. 

In tho highest typo of registering till the pro- 
prietor is able to see at a glance the totals of his 
cosh sales, credit sales, money received on account 
and money paid out. Separate cash drawers for 
each assistant are provided, and the total sales 
of each aro recorded, together with the grand 
totals for the whole business. These registering 
tills prevent disputes with customers, and giv^ 
them a printed .receipt dated and initialled. 
They help the assistants in their work, and 
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protect them from suspicion, show which of 
them is selling most goods, and record the number 
of the sales by each and the total cash each of 
them took. When the registering till is com- 
bined with the sales slip system, the machine 
prints the amount of the sale on the slip, and thus 
checks the tigures written by the assistant. 

The register also prevents mistakes in paying 
out transactions. Before the cash drawer can be 
opened the record must be made on the register. 
By the same operation, the amount is i)rinted on 
a ])aving out check wdiich is signed by the person 
to whom th(' money is paid, and then filed for 
reference. All moiK'y ])aid out is totalled on a 


tions, cash transactions, disbursements, and 
distributions are now eomputctl on an instrument 
with adding wheels and printing mechanism. 
By the new system of checking, which does not 
disturb existing methods of bookkeeping, it is 
ea.sy for the prineijjal of any business to s(H\for 
himself, in })erfect secrecy, the figures which give? 
him a complete stattMiuMit of his affairs every 
night or any hour of the day. Ineoming re- 
mittances are recorded instantly on the register, 
and at the foot of each letter is jirinted auto- 
matically a record of the registered amount and 
a consecutive^ number of the transaction. The 
total for the bank ])aying-in book is then found 
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IMms siinplilled disiKnim shows 1, ho act ion of jf tho lovers, of which there is ono for each ooluntu tlic inaeliine ean add 

The depn'ssion of tho key, marked 5 in the drawin^c, moves a wire into a slot, and allows the sector to drop live points 
'I’hc opposite end of the lever is thus raised live points, hrin^^in^ a type ll^jure .5 opposite a spring hammer, 'the pressing 
down of the operating handle strikes and prints the typo on the paper. As the handle [returns to position, tho rack «)a 
(he sector engages with the cogs on the adding wheel, and the mim))er r> Is added to the total already attained. The 
total can bo printed by pressing a special key and pre.ssing down tho operating handle. 


separate ndding counter, and a s|)ecial coimior 
tellft how many times money has biicn paid out. 
The National Cash liegister Co. arc the largest 
makers of these machines for the smallest and 
the largest retailers in every trade. Their adding 
registers cost £8 and upwards. Messrs. Cledhill 
and Sons, of Halifax, have produced a total- 
adding, voucher-issuing register that is admirable 
in cash checking. Its price is £22 10s. without 
. the numerator. 

The National Office Register, This 
w an adaptation of the machine of the National 
Cash Register Company to the transactions of 
general business offices. Tho entering, register- 
ing, counting and classifying of orders, collec- 


oii the machine, saving tho bookkeeper the worry 
of checking, and the machine prints this total on 
the paying-in slip. 

The items of customers’ bills are recorded on 
the register, which automatically adds them up 
and jirints the total on the bills. All petty cash 
transactions are registered, because the cash 
drawer cannot bo opemtl until this is done ; and 
a signed receipt is obtained and filed by the book- 
keeper. In drawing checpies, each amount is 
registered, aiAl the machine prints the amount on 
the cheque while recording it. In short, a per- 
manent rcf^ord is made of every transaction, and 
all details and totals can at once be verified. 
Each man in the bookkeeping department is 
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able to obtain a ch(‘ck on his work every day, 
and the time taken in registering is more than 
balanced by the time saved in verifying additions, 
calling over postings and the like. 

The system is said by its inventors almost to 
cut in half tlie Avork of book-keeping. It is 
useful in manufacturing and wholesale houses, 
newspaper ofiices, insurance companies, auc- 
tioneers and estate agents, shipping agents, 
export firms, commission merchants, hire- 
purchase traders, and in fact for alJ engaged in 
monetary or mercantile transactions. Each 
machine is designed for the business that requires 
it, and the price naturally varies in accordance 
Avith the requirements. 

Writing Telephones. Writing as avcII 
as speaking can noAA* be done on the same 
telephone wire. A new instrument — the tele- 
writer — will transmit in AATiting anything that 
is capable of being written or drawn with a 
pencil. Orders, messages; and sketches can 
instantly be sctU and rt?ceived in a manner that 
admits of no mistake or dispute. The telewriter 
is attached to the ordinary telephone wire 
without any interference with the speaking 
s(‘rvice. When you want to talk, you talk. 
But if your correspondent is absent, or if you 
have a message requiring great accuracy in 
transmission, you press a button, and Avrite on 
the transmitting ])acl, and your writing is silently 
reproduced on the receiving pad of your corres- 
pondent, even if he is away. You have a record 
of your message, and he has also a writ leu coi>y 
in your handwriting. So tliero is no inatter for 
disputes or actions at law. 

Where numbers , and prices arc constantly 
involved, it is better to do business over the tele- 
writer than over the tele])hone. It is cpiieker in 
the long run, and much safer. The most 
complicated orders can bo sent from warelioust' 
to factory, Avith liguros, sketches, and ex])Iana- 
tions of a technical kind. As a double record is 
made, one for the sender and one for the receiver, 
no message can be overlooked or forgott<m. 
Instructions or prices can be install taiicousjy 
transmitted from a central point to a number 
of subsidiary departments. 

The sales department can be connected 
with the central counting-house for the 
A'ei’itioation of customers’ credits ; callers can be 
silently announced Avithout interrupting the 
principal in the midst of important business ; 
telegrams and cables can be sent and received 
from the General Post Office and from the Cable 
Companies at a great saving of time ; and in 
London subscribers to the •writing telephone 
can bo directly connected with each other 
through a Telewriter Exchange. 

For Stock Exchange business the new instru- 
ment is invaluable. The National Telewriter 
Company, of 20, Bucklbrsbuiy, I<,ondon, E.C\, 
rents the instruments, AAith transmitter and 
receiver, for £10 a year. The annual charge for 
two private wire installations, n(ft more than 
three miles apart, is £22, and £1 for each further 
mile or part of a mile, exclusive of lino rental 
and el^trio current. The purchase price of a set 
of eixtedior service instruments for private wire 
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installation is £48; for mterior service instru- 
ments, £42, not including wiring and fixing. 

Telephone Devicee. The telephone holder 
is a useful addition to either roll-top or flat-top 
desks. It allows the instrument to oe extended 
for two feet or more, and the desk can be opened or 
closed without moving it. A good article costs 
about 14s. The extending arm, fitting in a socket 
fastened to a desk or table, is sometimes still 
more convenient. It pulls out with a single 
touch, and costs, complete with brackets, from 
17s. 6d. to 25s., according to length. The Globo- 
Wernicke Comj)any makes both these kinds of 
telephone aids. Paper blocks for writing doAvn 
telephone messages are coming into general use ; 
they are useful as reminders, but have, of course, no 
A'^alue as legal records. The telewriter, described 
above, serves this i)urposo much more effectively. 

Duplicating Machines. Duplicates are 
usually made by one of three methods — the 
composition or ])arehment apparatus, the stencil 
instrument, or the type-setting machine. The 
best modern composition copiers are cheap, 
clean, and good for fifty or a hundred copies. 
The composition does not need reraelting after 
cA ory operation, iis the ink .either sinks to the 
bottom, cvaj)orat(‘S, or dries, so in a few 
minutes the surface is ready to bo used again. 
The stencil machines, however, are more 
largely used, as they give more duplicates. In 
the flat instrument the circular is typed or 
hand-Avritten on a stencilling sheet, and this is 
l)laced in a frame, and sleets of paper are 
inserted beneath it, and inked by means of a 
roller passing over the stencil. The rotary 
machines are automatic in action, and therefore 
quicker and better in working. 

The stencil is haiid-A\Titten or prepared on an 
ordinary typewriter and placc'd on a roller. 
Then as fast as the sheets are /ed into the 
machine the dy})licatos are produced. Motive* 
poAver is supplied either by turning a handle or 
by an electric drive. The A’^arious rotary machines 
dilTer from each other in the inking devices, 
speed of working, automatic feed, and so on. 
The quality of the inks and the stencils also vary. 

The D. Gestetner self -feeding rotary cyclostyle 
duplicator costs 16 guineas, and produces 60 to 
80 copies a minute. The Rapax automatic 
duplicator of The Shannon, Limited, turns out 
2000 to 3000 copies in an hour, and costs com- 
plete, with cover, £30. The Roneo self-feeding 
duplicator will produce from ono hand or 
type written original up to 6000 copies, and 
costs 19 guineas, or 12 guineas without the self- 
feeding attachment. 

The type-setting machines are of two kinds, 
flat and rotary. The Shannontype, a hjd 
machine, costs £25 complete, with over 400<) 
types and indexed type-setter. It is worked by 
draAving a roller backward and forward, 
copy being produced every time the roller j)asw*s 
over the typo bars ; the printing is done through 
a ribbon, as in a typewriter. The operation 
sotting up the t 3 rpe is simple, and can bo learn < 
by any junior clerk in a few hours. An addressing 
device enables the address to be included in tla* 
text of the letter, and as the whole is printed m. 



one operation no contrast appears between 
address and text. 

The Gammeter Multigraph is a rotary machine 
that costs 60 guineas, and duplicates at the rate 
of 4000 to 7000 copies an hour. It occupies only 
the space of an ordinary typist’s table, needs 
but a junior operator, and can be learnt in an 
hour, as it is an automatic type setting and 
distributing machine. The separate letters of 
the tyj )0 are arranged in grooves on^ a half 
cylinder of metal, all the A’s being on one line, 
the B’s on another, and so on. Another grooved 
semi-cylindrical drum fits into the machine 
alongside the other, and on this the typo for the 
circular required is set up. By moving a pointer 
that runs up and down on a key alphabet, the 
grooves containing the letters required are in 
turn brought opposite the groove on the empty 
dnim where a line of the circular is being set up, 
and the touch of a lever drives the letter from 
the one drum on to the other. With a littlo 
practice a short circular can be set up in a few 
minutes. A wide ribbon is then stretched round 
the cylinder on which the circular is set up, 
and the handle is then turned while the paper 
is fed into the machine, every revolution of the 
cylinder printing one copy. 

An automatic feed, raising the output to 
7000 an hour, can be supplied ; but a i>ractiscd 
operator, by hand feeding, can turn out 5000 
an hour. Every copy is a typewritten letter, 
•being printed exactly as on the typewriter from 
type through an inked ribbon. Besides dupli- 
cating, it prints office matter and general 
Htationery at a saving of from 25 to 75 per 
cent. Every printed thing any office calls for — 
illustrations, and even half-tone engravings, 
and all kinds of advertising matter — can be well 
done on the little machine. It makes printing 
a simple an4 inexpensive affair. 

The Roncotype is a rotary machine that j)ro- 
cluccs letters at a cost of 2d. a thousand, and prints 
office stationery as well. Its flexible forms may bo 
hied for future use, and one operator may print 
while another is setting or distributing type. 

Addressing Machines. 'J’he Addresso- 
graph prints 2000 different addresses in an hour, 
at a cost of 2d. a thousand. Errors and omissions 
are mechanically impossible ; the work is 
almost equal to typewriting, and a boy or girl 
with no previous experience can operate the 
machine. It is a perfect card index as well as an 
addressing machine, and having no intricate 
parts to got out of order, it will last for many 
years. For writing names and addr(;sses on 
envelopes, dividend warrants and bills, and 
f^imilar forms, it is very useful. 

It consists of printing plates, which can bo 
furnished ready for use, or stamped out as 
required by a special machine ; a drawer of 
plates ^ placed in the magazine of the machine 
which is worked by a foot lever. It inks and 
brings each address plate forward, prints from it 
and automatically passes the plate into the 
drawer, and brings the next into position. 
Both of the operator’s hands are free to feed 
in the mattOT to be addreE»ed. One inking of 
the pads is suffioient to print 10,000 addresses. 

it 
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The machine can be fitted with duplicating and 
repeating attachments, enabling each address 
to bo printeil twice, or any number of times. 
A dating device can also bo fitted for use in 
statements of account. Wages sheets with 
numbers, occupations, and rates of wages can be 
printed vj'ith automatic feed at the speed of 34 
items in 30 seconds. 

The Graphotypo for embossing plates by hand 
costs £30 ; the more rapid electric motor-driven 
embossc^r costs from £70. The Addressograph 
itself costs £21, and addressed plates for it are 
supplied at J Jd. to 2d. (‘aeh. The price of the 
electric motor and attachment is 12 guiiiesis. 

Th(^ Ronoo Addressing Machine prints at the 
speed of from 1500 to 2000 different impressions 
an hour. The printing is from a typewriter 
ribbon, and the machine is about the size of a 
typewriter. The price is from 12 guineas. The 
Ronoo Embosser turns out 400 to 500 plates a 
day by hand, and makes corrections and flattens 
out and uses again old plates. The price of the 
office embosser is 30 guineas, and flie dating 
attachment 30s. The quick electric commercial 
addresser costs £42. 

The Elliott Addressing Machine, it is claimed, 
also prints 2000 names and addresses in an hour. 
It prints from stencil cards, which, like the 
embossed plates of other machines, can be used 
as a card index. Messrs. Mackenzie, Sebitf, Ltd., 
have a Rapid Addressing Machine, working with 
typewritten paper stencils prepared by any 
typist on an ordinary typewriter. It is guaran- 
teed that each stencil — costing 30s. a 1000— ia 
good for 10,000 impressions. 

Time Recorders. Designed at first 
merely to enforce punctuality among employees, 
the registering and printing clock has dewoloped 
into the chief instrument of an important timo- 
cheeking and job-costing system. Each work- 
man has a weekly time card, which he clocks 
whenever ho enters or leaves the factory. The 
cost clerk, foreman or workman also clocks the 
various job cards that indicate the times when 
the jobs wore begun, changed over, and finished. 
At the end of the week the job cards aro sum- 
marised. and the totals entered on the back of 
the weekly time card to prove that all time paid 
for has been acoounteri to jobs. 

B}^ extending the system, the job card also 
shows the production cost, the selling price, and 
the profit or loss. The cards aro kej)t ready for 
use in racks by the side of the clock, affording 
the maxiniuin of detailed information with the 
minimum of clerical la>)our and stationery. 
The Gledhill-Brook Time Recorders, Ltd., supply 
their “Clipper” for £27 10s. 

Among other types of timing registers for work- 
people are radial recorders, where the employee 
punchas in the hole opposite his number, his 
action printing the time on a numbered chart or 
timesheet. In the key recorder, the employe 
takes a nun^bered key from the board, inserts it 
in the recorder and gives a quarter turn, which 
automatically prints the time and number on a 
travelling paper tape. The prices run from 
about £10 to £20 for some of these excellent 
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machines ; but Time Limited have a Sign-it 
Time Recorder that costs £7 178,, and is guaran- 
teed for five years. 

Dictating Machines. These arc an 
adaptation of the principle of the talking machine, 
for doing away with shorthand in the correspond- 
ence of an office*. The whole of the typist’s time 
is used in productive w'ork, instead of a largo 
portion being wasted in taking notes and waiting 
to take them. The dictating machines are 
reckoned to save 50 per cent, of the time, trouble 
and cost of conducting correspondence. The 
principal dictates his letters to the machine in 
privacy, while he is reading his mail. So he does 
not have to go through it twi(;e ; being alone, he 
can concentrate his thoughts better, and he can 
talk into the machine without any speed limit. 
Moreov(‘r, ho has not to draw the typist away from 
her work for the purpose of taking down his 
notes. By touching a lever the dictator can 
hear at once what he had said and pick uj) the 
thread of his thoughts or make a correction either 
by oral message on the machine or by a note 
on the correction pad. The typist can start 
transcribing as soon as the first hotter is dic- 
tated, leaving the principal to go on dictating. 

I’he machine consists of three parts a dic- 
tating instrument, a reproducing instrument, 
and wax cylinders for recording the dictated 
matter. If required, the combined dictating 
and reproducing machines can be used alone at a 
saving of price, but it is usually more convenient 
to have a sejiarate reproducer for use by the 
typist. Tho wax cylinders can be used many 
times by shaving off the transcribed letters 
in a shaving machine. The machines are 
worked by a small el(‘ctri(; motor attacdu^d to 
the ordinary electric lamp wire ; this drives 
the cylinder both in dictating and transcribing. 

The dictating machine saves t he energy of the 
typist as wcdl as of the principal. »She has no 
worry over her shorthand notj\s, and a foot con- 
trol enables licr to retard or stof) tiui reproduction 
of any part of a letter, ot' she can make the 
maeliine repeat any sentenr^e or s(‘ntenees. 
Every tiling is under her easy control, and she*, can 
type faster without any eft’ort and jirevciit her 
work from keeping her' in the office latc^ at night. 
The sound is made audible to the typist, not 
by a trumpet, as in the older gramophones but 
by tubes with vulcanite terminals that tit into 
th(i I'ars. By this arrangement the .sound is 
practically inaudihk; to all but the typist using 
th(^ instrument, and a room (^an therefore bo 
full of clerks typing from dictaphones without 
tho sound of the voices interrupting and confus- 
ing one and another, and without the dictation 
being audible to visitors. 

The price of the combined dictating and repro- 
ducing Dictaphone is £2^, with electric motor 
and many new features. The reproducing 
Dictaphone costs £18 1 8s., and the Shaving 
Machine 12 guineas. Tho Edisorf Dictating 
Machine is priced at £20, and the hand Shaving 
Machine at £8 10. The Parlograph combined 
machine with complete outfit costs from £10 15s. 
to £20. The Roneophone, with Path6 patents, 
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has a correction key for re-phrasing or amending 
dictated matter, and a flat disc, instead of a 
cylinder, and a back spacer. 

Where a spring motor is used instead of an 
electric motor, tho price in all cases is less ; but 
as a spring motor has to bo wound up every 
25 minutes or so, tho electric drive is much to be 
preferred wherever electric power is available. 

Letter Devices. Where a largo mail is 
received or despatched, and where large quanti- 
ties of circulars are sent out, letter folders, 
envelope sealers and openers are great timt*- 
savora. The Universal Folding Machine of the 
International Multigraph Company automatically 
feeds, folds, counts, and stacks from 6000 to SOCHI 
she(^ts an hour. It takes paper of all kinds and 
thicknesses, and of varying sizes, and gives 
many diflerent. characters of folds. The same 
company scdls the Markoe Electric Sealer, which 
automatically seals and stacks 6CKX) to 10,(K)() 
envelopes an hour. These may be of regular stock 
sizes, odd-sized specutils, and catalogue enveloi)es. 

Letter sorters are an easy method of filing a small 
correspondence and handling a large daily hatch 
of letters. There are various systems. A sot of 
ex])anding files Icttt^red on the back and arranged 
in alpha h»'tical ord(*i‘ is often used ; but a com- 
pact box with indexed ])artitions that slide along 
rods and adapt themselv(?s to tlu^ different 
amounts of space required for each letter of tlu^ 
alphabet forms, perhaps, a more convenient 
.sorter for temporary ])ur])Ose8. One that will 
hohl IICKH) letters costs from lOs. (kl. For tlie 
same price a scries of lettered expanding files can 
ho obtained for use as a ready sortta*. kSmall 
sorfei-s holding 300 letters cost very little. 

The Standard Stamp Afhxer takes stamps in 
rolls of 500, locks them up, and by simply press- 
ing the handle, moistens them and sticks th(‘n\ 
on envelopes or packages at the rate of lOt) a 
minute. Tho machine is light — 13 oz. “])cirig 
made of aluminium, yet strong. It costs £3 3s. 

An ev(*ri mon? ingenious apparatus is ;in 
adaptation of tht; idea to the stamping and 
cancelling of insurance cards. Tt is known as 
the Dragon fnsTiranco Stamp Affixing, and Can- 
celling Machine, and not only sticks the stamp in 
the right place.* on the insurance card, but at the 
same operation cancels it by printing on it the 
date. The stam|)s art% as in the ordinary stamj> 
affixer, inserted in the form of a roll. The Post 
Office snp])lies stamps in rolls for these machines. 

Small stamp moi.steners for envelopes and 
insurance cards — fashioned like an over-w(*t 
small brush — cost 2s. 

An envelope opener for dealing with a large 
mail is mad(^ of an emery whe(4j against which the 
edge of the letters is placed. It is rapid and safe. 

Sealing Machine. This is a device for 
packing parcels without tho use of twine or 
sealing-wax. It consists of a roll of gummed 
sealing tape, held in a receptacle that moistens 
the tape as it runs out. Tho “ Plex ” Sealing 
Machine costs 7s. 6d., and tho gummed sealing 
tape is supplied in 800 feet rolls at about Is. R 
makes a neater package and a securer parcel, and 
costs one-third as much as twine. 
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The Radiation, Absorption and Conduction of Heat. 

Thermodynamics. Conservation of Energy and Matter. 

THE PHYSICS OF HEAT 


Dbisf reference has already been made to the 
^ fashion in which heat travels. We distin- 
guished between convection and conduction. But 
heat may also travel, as everyone knows, by 
radiation ; and the heat so conveyed we may 
terra radiant heat. The sun gives us not only 
light, but radiant heat ; so does a fire. As we 
sit in front of a fire we know that air inter- 
venes ; but wo also know that the apace 
between us and the sun is not filled with air. 
Radiant heat is conveyed by, or consists of, 
vibrations, not of the air, but of the ether — 
the so-called luminiferous or light-hearing ether. 
Now, as wo shall boo later, light and radiant 
heat are essentially identical ; they both con- 
sist of precisely the same kind of vibrations of 
one and the same medium. The difference be- 
tween them is the same as the difference between 
one octave of the keyboard of a piano and 
another. Thus the laws and the manner of the 
transmission of radiant heat are in every respect 
identical with those of the transmission of light. 

Laws of Radiation. What must we 
conceive to happen as a hot body radiatos 
heat from its surface ? Wo conceive the heat 
of the body to consist of a form of motion. 
We must regard this heat energy, which is 
really kinetic energy, as being transformed, 
at the surface of the radiant body, into 
the energy with which the ether around it is 
caused to vibrate. When some other material 
body is struck by these rays, they are retrans- 
formed into the previous form of heat or into 
heat and light. 

Wo have said that the laws of the transmission 
of radiant heat are those of the transmission of 
light. It is true of the waves of both that 
they are propagated strictly in straight lines. 
This can be proved for heat almost as«oasily 
as for light. Similarly, it is true for both, as, 
indeed, for all forms of ethereal wave motion, 
that the intensity of the radiation, or its energy 
per unit of its area at any point, varies inversely 
as the square of the distance from the source of 
the radiation. We may compare this law with 
the similar part of the law of gravitation. 

The reflection of radiant heat, again, follo^vs 
the same laws as the reflection of light — as wo 
must expect, since wo believe them to be essen- 
tially identical. Again, radiant heat and light 
are similarly subject to refraction, when passing 
through a solid medium, or from one solid 
medium to another. 

'* Transparency ** to Heat. We pur- 
posely employ this unusual phrase in order to 
insist still further upon the identity of radiant 
heat and light. We know that exactly as sub- 
stances differ in their trtmsparenoy to light, so 


they differ in their transparency to radiant 
heat— a property which is technically known as 
diathermancjj. Substances which are trans- 
parent to light are not necessarily transparent 
to heat , however. But this fact is only another 
aspect of the fact of light— that light waves of 
different wave length are variously transmitted 
or reflected by various material substances. 
Water readily transmits light, just as glass does, 
but it is quite opaque to radiant heat ; whereas 
liquid bisulphide of carbon is highly “ trans- 
parent ” to radiant heat, transmitting nearly 
two-thirds of the rays. 

A classical proof of the presence of rays of 
heat in sunlight, and their essont ial identity with 
those of visible light, is to bo found by spreading 
out the various waves in sunlight into a spectrum 
by means of a prism. Everyone knows that in 
such a case we see a band of colours, shading off 
from red to violet. If, now. a thermometer be 
put in various parts of the spectrum, it is found 
to be heated in varying degrees ; but in greatest 
degree when it is passed quite beyond the red 
end of the coloured band, and exposed to the 
invisible heat rays which lie there.. 

Absorption of Radiant Heat. Just 
as light may be absorbed and radiated, so may 
radiant heat, the rule being that the absorption 
and radiation of bodies with dull surfaces is 
greater than that of bodies with bright surfaces. 
It must bo evident that as a body radiates, it 
cools. If its immediate surroundings wore 
“ opaque ” to radiant heat, the body could not 
radiate and could not cool. Other things being 
equal, however, we may assort that the rate at 
which a body cools is proportional to the diffor- 
onco botwoon its temperature and that of its 
surroundings— that is to say, if the difference bo 
20 degrees, tlie body will cool twice as fast 
as it would if the difference were 10 degrees. 

The importance of radiation as a cause of 
cooling is most marked in the case of planetary 
bodie.s. Probably owing to its small size, the 
moon has been unable to retain its atmosphere ; 
hence it has been able to radi.ate its own 
proper heat with groat rapidity. Furthermore, 
while the heat upon its surface when exposed 
to the sun must bo terrific, on the other 
hand, it must radiate away such boat at a very 
great speed when the sun is hidden from it, pro- 
ducing the most intense cold. The eart h is always 
radiating its heat into space. So far as the 
usually recognised constituents of the air are 
concerned, this heat ban readily escape, oxygen 
and nitrogen being transparent to radiant heat, 
or dialhermanous. 

But water vapour and carbon dioxide are 
constant constituents of the atmosphere, and 
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these, being relatively opaque to radiant heat, 
arrest a great deal of the radiation. The 
reader who is interested in this subject must 
turn to the discussion of radium and radio- 
activity in the course on CiiKMiSTRY. We now 
know that the radio-activity of the e.arth’s 
crust is siiflicient to compensate completely for 
the amount of heat which it constantly loses 
owing to radiation. 

The Conduction of Heat. We arc' all 
familiar with the fact tliat the thermal condiu;- 
tivity of different substances varies within widc^ 
limits, metals being conspicuous instances of good 
conductors, while most products of living 
matter, such as wool and bone and wood, conduct 
heat very badly. But metals themselves vary 
in this respce.t. Copper and silver are ex- 
ceptionally good conductors of heat, as also of 
electricity. It is obviously necessary to invent 
a standard by means of which we may readily 
express the thermal coiuhfctiviiij of a substance. 
This, then, is defined as ihe^ number of thermal 
units whicfii arc conducted per unit of tirnc^ 
per unit of surface through a slab of unit thick- 
ness, the sides of which differ in temperature 
by one degree. 

Results of Differing Conductivity. 

We must here note some of the most obvious 
consequences of the wide diifercnces that obtain 
between various substances in respect of thermal 
conductivity.. The most im])ortant of these? 
results arc those which affect the bodic's of 
wann-blooded animals. Nearly all such animals 
art? covered with a coat madt‘ of on<' kind or 
another of non-conducting substance. Feathers 
are of some value in this eonneetion, hair of 
greater value, wool more valuahle still, and iuv 
most valuable of all 

Man is conspicuous amoug warm-blooded 
animals in being naked, aiiel finds it ne'cessary 
to cover himsedf with substance's having a ve'ry 
low thermal conduedivity. TIk' most valuable 
of these are all deprived from the' non-conelue!f ing 
coats of other animals. Wo speak of warm ;ind 
cool clothing, but the reade'r is well aware that, 
according to the? Laws of Temperature, all 
bodies tend to become equal, not in amount, of 
heat, but in beat level. I’hus all the various 
kinds of clothing are, in general, of the* same 
te'inperature. \Vliat we call warm clothing is 
merely that which has a low thermal conduc- 
tivity, or is a bad conductor, while cool clothing 
is that which has a higher thermal conductivity, 
or is a bettor conductor. 

The Safety Lamp. Everyone who has 
spent even an hour in a laboratory must bo 
familiar with' the experiment * of controlling a 
flame — such as the flame of a Bunsen hurnew — 
by means of a sheet of w^e gauze*. T'his gauze 
may be made to confine the flame beneath itself ; 
but if the gauze bo held an inch or two above 
the burner before the gas is ignited, ^the gas can 
be made to bum above the gauze, but the flame 
will not spread beneath it. The obvious ex- 
planation of this is that the metal of the gauze 
is a good conductor, and so rapidly carries away 
the heat, produced that the temperature ok the 
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far side from the flame, whichever that be, is 
not high enough for the combustion of the gas. 
This fact is utilised in the famous safety lamp 
invented by Sir Humphry Davy. This is simply 
an oil lamp surrounded by a cylinder of wire 
gauze. If coal gas be present in the air of the 
mine, it w'ill bum when raised to an adequate 
temperature by means of the flame of the lamp, 
but the gauze will prevent the flame from 
spreading beyond it, while the harmless burning 
of the coal gas affords an exceedingly important 
warning to the miner. 

Heat and WorR. We must now consider 
what is, in some respects, the most important 
aspect of the science of heat. Wc? are already 
agreed tliat heat is not a material thing, not a 
fluid, or a phlogiston, but a modi? of motion - 
a form of energy convertible into any other 
form of energy, as in an engine or an animal 
body. In many ways we can produce heat by 
doing work, as in evi'ry kind of machine, or as 
in the ease of a savngc* who lights a fire by 
nibbing two pieces of dry wood togeth(?r. The 
question arises whether therb is a definite 
amount of heat that corres])onds to any par- 
ticular amount of work done ; and the answer 
is that sneh a definite and noeessary relation 
does exist. Tlie famous nami* in this con- 
nection is that of Joiik', of Manchester, and his 
work is about seventy years old. 

The mechonicdl egvmilent of heal is now fro 
quently repres('nted by the letter J, and this 
has been variou.sly ('stimated since the time of 
Joule. 'The raechani(?al equivalent of one 
British unit of heat (the amount of heat which 
can raise one pound of waU'r frmn to 61° F.) 
is 778 foot pounds. 

Laws of Thermodynamics. The es- 
tablishment of this equivalent or, rather, the 
oslablishment of the fact that there is an equiva- 
lent leads to the foundation of the scienei? 
which is now known as ihermodyimmics, and 
deals with the relations hetwo(?n heat and kinetic 
energy. It is largely tlu? study of this scienc<? 
which has led to tlie establishment of the great 
I>rincipl(' of the conservation of energy. 

In accordance with this princiifie, what is 
known as the first law of tfiermodyiuimics states 
that the amount of heat evolved in doing a given 
amount of ivork — assuming that the work results 
ex(?hi8ively in the formation of heat — is constant ; 
and, on tlie other hand, that the consumption of 
heal in producing mechanical energy is equally 
constanl. We have already stated the figure 
which expresses the relation bctw’ocn heat and 
w ork. So far as the first lawj^f thermodynamics 
goes, there is absolute and reversible equivalence 
belwei*n heat and work ; but to it we must add 
a second law of thermcMlynamicSy wliich states, 
as we already know, that heat cannot pass from 
a body at a lower temperature to one at a higher. 
Hence, we have a new significance for tempera - 
tun? or heat level. Wc may have heat enougli 
and to spare, but unless we have a balance of 
temperature in our favour we will never get 
any work out of it. Thus, w'hile the first law 
of thermodynamics expresses the conservation. 



equivalence, and convertibility of energy, the 
second law expresses what wo may call the 
doctrine of the availability of energy. 

Lord Kelvin. This second law, as well as 
the fii*st, in some small measure, we owe to the 
genius of the late Lord Kelvin, formerly Sir 
William Thomson. The years 1851 and 1862 
saw his contribution to the Royal Society of 
Edinburgh of the two classical memoirs in which 
the science of thermodynamics is put upon a 
firm foundation. At this point wc cannot do 
better than quote from Dr. J. T. Merz, whoso 
“ History of European I’hought in the Nine- 
teenth Century ” is the most valuable work of 
its kind in any language. Ho says : “It was 
Thomson who first clearly saw that the axiom 
of the impossibility of a perpetual motion 
would bo infringed if the first law of thermo- 
dynamics — the indestructibility of energy — was 
accepted without the second. For practical 
use, for doing work, it is not sufficient that 
energy be not lost ; it must be available — get-at- 
able. Energy may be in a condition in which it 
is useless — hidden away — and to bring it forth 
again may be for us either impossible (if it be 
dissipated), or may require an expenditure of 
w'ork — that is, of energy — to do so.” To this 
subject we must return after we have discussed 
the great generalisation of the conservation of 
energy, to which the lirst law of thermodynamics 
affords such signal support. 

The Conservation of Energy. The 

doctrine of the conservation of energy has wtII 
been described as the greatest of all exact 
generalisations. The idea is far older than its 
proof. Indeed, the philosopher Thales, as long 
ago as 600 years before (Christ, said (or at least 
is reported to have said) : Ex nihilo nihil fit 
— that is, “ From nothing, nothing is made.” 
This, however, is only one- half of the doctrine, 
the other half being that which is alone ex- 
pressed by the usual name of the doctrine. On 
the one hand, the doctrine denies armihilatioiu 
declaring that energy is persistent and conserved ; 
and, on the other hand — as in the saying we 
have quoted — it denies creation. These two 
denials are equally essential and complementary 
parts of the doctrine. 

The reader who remembers our discaission of 
Newton’s laws of motion cannot but observe 
how consistent those laws arc with the doctrine 
of the conservation of energy — in this case 
kinetic energy. The word energy was introduced 
by Dr. Young at the beginning of last century, 
but the idea which it conveys was more or less 
definitely present to the mind of Newton him- 
self ; and the late Lord Kelvin and the late 
Professor 1 'ait have shown in addition that 
Newton was on the very verge of recognising 
completely and formulating the modern doctrine 
of the conservation of energy. Notably, we may 
recall the simple expression of his third law, that 
action and reaction are eqml and opposite. 

Perpetual Motion. The laws of thermo- 
dynamics teach that while energy is always 
conserved, it is capable of endless and indefinite 
transformations — as, for instance, from heat 
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into work or vice versA. Now, all the workers — 
French, German, and English — whoso labours 
went to consolidate the science of thermo- 
dynamics used language which was incompatible 
with the old idea commonly known as perpetual 
motion. The phrase is an unfortunate one, 
because the universe must in all probability bo 
regarded as itself a perpetual motion machine ; 
but by the im])ossibility of perpetual motion is 
really meant not a denial of Newton's first law of 
motion — that is to say, the doctrine that all 
motion is perpetual until force interferes to alter 
and modify it but rather th(i principle that such 
a perpetual motion is of no use, as no work can 
be done with it except by using it up or anni- 
hilating it. And this statement reminds us of the 
second law of thermodynamics. It was all very 
well to assort — as various workers did iisscrt in 
the ’forties of last century — that power cannot 
be created or destroyed, and that its various 
forms are mutually convertible without end, but 
such assertions are equivalent to saying that 
perpetual motion is possible. 

Energetics. It was Lord Kelvin who 
first recognised “ that the old phantom of a 
perpetual motion was turning up again in a 
new form.” Thus we must never remember 
the doctrine of the conservation of energy 
without also recalling the subscupicnt doctrine 
that, though energy is never lost, it becomes 
for our practical purposes unavailable. Hence 
the great German scientist Professor Ostw’ald, 
in framing the terminology of the science which 
li(^ calls energetics, describes the doctrine of the 
conservation of energy as the first law of ener- 
getics, and then goes on to say : “ A perpetual 
motion could, however, be attained if it were 
possible) to induce' the large store of energy at 
rest to enter into transformations.” The fact 
that this is im])ossible Ostw^ald calls the second 
law of energetics. We may associate it in our 
minds with the •second law of thermodynamics 
which has been already .stated. 

Dissipation of Energy. 8 o far as tho 

law of the conservation and the. equivalence of 
the differi'nt forms of energy is concerned, it 
would appear that these arc all of the same 
value. When w'ork is done, no imergy is con- 
sumed — it is merely changed. Why may it not 
be changed back again ? 80 far as tho law of 
the conservation of energy is concerned, all 
natural processes — all mechanical proce.sse.s, at 
any rate — must surely be reversible. But Lord 
Kelvin .showed that this is not so. In 1851 he 
said — and this is practically his second law of 
thermodynamics—” It is impossible by means of 
inanimate material agency to derive* mechanical 
oiTect from any portion of matter ))y cooling 
it below the temperature of the coklest of tho 
surrounding objects.”# 

Available and Unavailable Energy. 

Thomson saw that, notwithstanding the work 
of Joule, nfftural proce.s.ses do not work as well 
backward as forward— in other words, the 
Cosmos is not a perfect machine, if even it be a 
machine at all. Ho realised that there is in 
Nature a general tendency toward not a destruc- 
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tion but a degradation or dissipation of energy. 
The energy is not lost, but it is lost so far as its 
utility is concerned. All forms of energy tend 
to assume the form of heat, which is the least 
available form of energy. For all practical 
purposes, and also for our philosophical view as 
to the future of the universe, the distinction 
between available and unavailable energy, or 
between ust'ful and useless energy, is all-impor- 
tant. Other workers showed that in practically 
all natural processes a. certain quantity of energy 
is thus accumulated and lost. This energy was 
called entropy by (/lausius, who introduced that, 
much -controverted term ; and what Lord 
Kelvin had expressed as the universal tendency 
in Nature toward the dissipation of energy, 
Clausius expressed by saying “ the entropy of 
the world is always on the increase.” 

The Coming of Universal Death. But 

what does this signify if we take a large enough 
view of it. ? It signifies that the universe is 
travelling toward universal death. At present 
there is a great difference of heat potential 
between the different parts of the solar system, 
one consequence of which is the ])resence of life 
upon the earth. But in time to come the heat will 
have distribut(id itself so that the system which 
corresponds to the solar system of today will 
b(‘. all of one temperature, and life will be 
impossible. The case must be the same, if 
Kelvin’s doctrine be corn'ct, with the whole 
universe. In time it will all have assumed a 
uniform tomi)oratiire ; its other forms of (energy 
will have been resolved into heat, and the 
cosmic life will have run its course. 

Furthermore, as natural processes arc irre- 
versible, there must bo no possibility of a 
phaniix-like resurrcHJtion. “ This nmiarkable 
property of all natural processes,” says Dr. 
Merz, ” seems to lead us to the conception of a 
definite beginning and to shadow forth a possible 
end- the interval, which contains the life or 
history of Nature, being occupied with the slow 
but inevitable running down or degradation of 
the great store of energy, from an active to an 
inactive or unavailable condition.” The discovery 
of radium and radio-activity, and of all the 
hitherto unsuspected energy — available energy, 
too — which these reveal to us, does not militate 
in any degree against the doctrine of the dissi- 
pation of energy. 

Doubt of the Issue. Almost overwhelm- 
ing as the evidence for this doctrine would 
appear to be, it is yet very far from being 
accepted by contemporary physicists. It was 
not, indeed, accepted without grave reserva- 
tions by Lord Kelvin himself. If, for instance,^ 
we regard the universe as a closed system, 
one conclusion emerges, and, if not, another 
emerges. We do not in •the least know what 
is the destiny of the heat and light energy 
which are incessantly being radiated from the 
solar system. When the doctrine of •the dissipa- 
tion oi energy was framed, there was scarcely 
any conception of the idea, now current amongst 
astronomers, that the universe — or, rather, our 
universe — may be finite. We are now entitled 

im 


to suggest that, even if our universe be running 
down, something may be going on elsewhere 
which shall wind it up again. 

The Conservation of Matter. As 

the reader on the course on Chemistry has 
already learnt, the doctrine of the, conservation 
of matter can no longer be maintained — at any 
rate, in its original form. But the doctrine of 
the conservation of energy stands — “ this grand 
principle,” as Professor Tait used to call it. 
Recognising that the law of the conservation of 
matter must really bo regarded as only an aspect 
of the law of the conservation of energy, Herbert 
Hpencer formulated the phrase persistence of 
force. But force, as the reader knows, is a term 
now used in a special sense by the physicist, 
and so Hpencer’s term has not gained currency. 
Professor Haeckel, of tlena, included the doctrines 
of the conservation of energy and the conserva- 
tion of matter under the term the law of sub- 
stance — meaning by “substance” tlie thing that 
stands under — the underlying something. This 
is really another name for Spencer’s persistence* 
of force. If, now, we turn back from Spencer 
to Thales, whom we have already quoted, we 
see the importance which philosophers have 
attacht^l to the conception that there is at 
bottom some kind of reality which is eternal, 
and which, however many transformations its 
appearances may undergo, suffers neither 
increase nor loss. 

Our Conclusions Summarised. Here 
wc must conclude the most fundamental and 
philosophically important part of our subject. 
The great truths which we have learnt so far 
may thus be summarised. We have learnt to 
suspect that ((ausation is universal ; we have 
learnt to recognise the equivalence, the capacity 
for transformation, and the ultimate identity, 
of many things which appear to be different. 
Our coming study of sound and light will add 
to the numb(‘i of these. We have l(*arnt, that 
is to say, to recognise unity in multiplicity, 
ultimate identity in apparent variety. We have 
learnt to question the i)Ossibility of annihilation 
or of creation out of. nothing. We may even 
be inclined to admit that these proccvsscs cannot 
really even be conceived. 

Finally, we have seen how, within the last 
hundred yearn or thereabouts, physicists have 
placed upon the foundation of observation and of 
exact experiment this doctrine Ex nihilo nihil fit. 
which was first framed, and has been for ages 
maintained — not on the grounds of any obser- 
vations or experiments whatever, and in con- 
tradiction, indeed, of appearances, such as those 
of apparent destruction -liy fire-r hut .which, 
was, in the first place, based upon a law of the 
mind which compelled it to believe that some- 
thing could not bo created out of nothing nor 
ever reduced to nothing. This part of our 
subject has therefore led us to the confirmation 
of an a priori or necessary truth by the special 
method which is characteristic of science, and 
which is known as the a posteriori method of 
reaching general from particular truths. 

C. W. SALEEBY . 
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The Use and Construction of Raking and Fiying Shores, and of Needles 
for Underpinning. Methods of Dealing with Dangerous Structures. 


SHORING AND UNDERPINNING 


S HORING consists in providing temporary 
support to a building by moans of a system of 
wooden struts resting on solid ground or against 
another building. It is employed in cases where 
buildings show signs of failure due to sinking of 
the foundations, vibration of machinery, or other 
causes, and demands much judgment and very 
great care in execution. 

It is also used where a building which is 
attached to one or more other buildings is to be 
taken down for rebuilding. In a row of houses 
— e.g., each one gives lateral support to its neigh- 
bours, and were a single house in a row removed 
there would be great liability of damage to the 
houses which are on each side, and are (mtitled 
to the support previously afforded them, and 
shoring is erected to give this supi)ort tempor- 
arily until the reconstruction is complete. 

A Typical Shoring Scheme. The key 

plan [63] represents throe houses in a line, of 
which the central one is in course of recon- 
struction, while that on the left is to have 
the ground-floor taken out to insert a girder and 
shop front. It illustrates the position in which 
the various shores described hereafter are used. 

Shores, as applied to walls constructed mainly 
of brick, are of two principal types. Raking 
«W€5[613aro those one end of which rests on the 
ground, while the other is inclined against the 
face of the wall to be supported. Flying shores 
[69] are those placed horizontally between two 
buildings. In the case of raking shores, if the 
building to be supijorted be a low one, a single 
strut may suffice, but in most cases, where the 
buildings consist of several storeys, a system of 
shores must be usckI — two or more struts in the 
same plane, abutting against and steadying the 
wall at different levels. Wherever possible, the 
head of each strut should be arranged at or just 
below the level of a floor, where the wall is 
stiffened internally and is best able to resist 
external pressure. The object of shoring in the 
case of dangerous walls is not, as a rule, to force 
back into position a wall that is out of the per- 
pendicular, for any such attempt might result 
in disaster, but to prevent any further movement 
of the wall till it can be dealt with in a permanent 
manner. 

Constructing a Shore. A shore is 
constructed as follows t6*l. A wall-piece is 
placed vertically against the wall to be supported. 
This is usually of considerable length, 9 by 3 in. 
thick, and is held to the wall by holdfasts care- 
fully driven. If the wall be bulged or uneven, 
poking must be placed between it and the wall- 
piece to secure an even bearing against the wall. 
Where the head ef the shore abuts [^],a 3 or 


4 in. square hole is perforated through the piece, 
and a bat or half brick is removed from the face 
of the wall. A short timber, or needle is placed 
through the hole entering the wall where the bat 
ivj removed, and above it a block of wood, 
termed a cleat, is spiked to tho wall- piece, and 
thus a firm abutment for the head of the shore 
is formed. 

For the foot of the shore [60 1 a stout timber 
is provided, termed the sole-piece. If the ground 
be good, it may be carefully bedded upon it ; but 
if the ground be soft, a small platform of stout 
planks, or in some cases even ,of concrete, will 
bo necesssary. Should a vault exist where th(^ 
foot of the shore comes, it must be supported with 
dead shores — hereafter described — or, better, the 
shore must be taken through the vault to the 
solid ground. The sole-piece is not placed hori- 
zontally, nor is it perpendicular to the shore, but 
at an intermediate angle. 

Tile sole-piece and wall -piece being in position, 
the shore itself is cut to the required length. 
The head is notched to fit round the needle and 
prevent any possibility of lateral movement, and 
the underside is cut so as to rest against the wall- 
piece. Tlie foot is also cut to a bevel to corre- 
spond with the incltination of the sole-piece, and 
at the back of the shore a small notch is cut to 
allow of a crowbar being inserted. The shore is 
placjcd in position, and if the wall be dangerous 
great care must be exercised to prevent any 
damage to the wall during this process. The 
foot rests on the sole-piece 'with the head against 
the needle, at first loosely, but with the help of a 
crowbar the foot is gradually moved forward 
along the sole-piece until the notch is tight up 
against the needle. If it bo moved beyond this, 
there will be a tendency for the head to lift the 
needle and damage the wall. When in position 
the foot is secured by dog-irons [67]. Tlicso are 
bars of iron with ends bent at right angles and 
pointed. They may be driven into the foot and 
the sole -piece, or a cleat may be fixed behind the 
foot. In the case of dangerous walls this 
method of fixing is better than tightening by 
wedges as loss likely to disturb the brickwork. 
Tile shore is stiffened to resist transverse strain 
or buckling, by braces formed of boards placed 
on either side and securely nailed to it at one 
end, and to the lower part of the wall -piece at 
the other. 

A System of Shores. Where a systtun 
of two, three, or four struts — one above another 
— is employed, the mbthod is similar [61]. The 
length of the wall -piece is increased to correspond 
with the height of the building, and the head of 
each shore Ms prepared as described, and has a 
needle provided for its abutment. Tlio feet are 
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brought close together on the solo -piece, and each 
shore in the system is of a different length and 
at a different angle. In such a system, when the 
shores are in position, a strip of hoop-iron is 
wound tightly round near the foot and nailed to 
the various timbers, binding them together, and 
the braces extend from the wall -piece to the outer- 
most shore, and are nailed to the intermediate 
ones. This occurs at two or three points in the 
height in each case, starting from the wall-piece 
just below the head of a shore. Great rigidity 
is thus secured. 

Shoring High Buildings. With lofty 
])uiiding8 it may prove difficult to obtain 
timbers of sufficient length for the outermost 
shore. In such a case, when the last raking 
shore is fixed, another piece of timber is 
placed against the back of it, resting on the sole- 
piece. The top is cut to a bevel, and the foot of 
the shore rests on the top of this post, the head 
being formed as usual. This is termed a riding 
shore, and cannot be levered into position, but 
must be wedged with folding wedges of oak 
inserted between the upper and lower parts of 
the shore, driven in from each side, care being 
taken not to lift the rider more than is required 
just to tighten it. 

The number of such systems required to steady 
any given wall will vary with the circumstances, 
and in particular with the condition of the wall 
itself, depending on whether the brickwork is 
sound and well constructed, or tending to 
disintegrate. They should not be more than 
12 or Ifi ft. apart, and may be much closer. If 
the wall is pierced with window openings, the 
shore systems must correspond with the piers 
between them. 

Shoring is sometimes required in connection 
with the timbering of excavations. The hori- 
zontal struts used in wide excavations form 
practically flying shores, which will be descrilwd 
later ; but an excavation may be too wide to 
allow of stnitting each side from the opposite 
one. In such cases raking struts, or shores, 
must be provided to sustain the walling pieces, 
and they (^an often be used with greater efficiency 
than in the case of a building, as it is fre- 
quently possible to place them at a compara- 
tively low angle with the horizon. 

Work of the Shore. The work required 
of a shore, or shore system, is to resist the 
tendency of a wall to fall outwards, by pressure 
behind it, which is greatest when just sufficient 
to overturn the w’all. Tiiis pressure, or force, 
acts perpendicularly to the wall through the 
head of the shore. It would be best resisted by 
a strut also perpendicular to the wall; but, except 
in the case of flying shores, this cannot be 
provided. With a raking shore part of the force 
exerted is expended in holding up the wall 
vertically, and part only in resisting over- 
turning, the amount depending on the inclina- 
tion of the shore to the horizon, the lateral 
resistance being greatest when tho*inclination 
is low. An angle of 40° is useful, but so 
low an angle is rarely practicable, and angles 
from 60° to 75° with the horizon are very 
usual t ' . 
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Formula of Forces in a Shore. The 

following formulae may be used for calculating 
the forces acting upon a shore [ 64 ]. 

Q = P = Qtane - F Psine + QcosO 

Q = the overturning force, P = the force 
due to weight of wall above shore, F = the 
resistance to compression in the shore, W = the 
w^eight of w’all, all in cwts., t = the thickness of 
wall at ground in feet, H = the height of the 
head of the shore from the ground in feet, 
0 — the angle of inclination between the shore 
and the horizon, and w ^ the weight of the shore 
itself in cwts. The dimensions of the shore, 
when F has been calculated, may be found 
by Kankine’s or other formula? for timber 
struts. 

In a system of shores it is sufficient to calculate 
the outermost sliore, and to use timber of the 
same size for all, and a builder will usually 
employ timber in stock for this purpose even if 
of somewhat larger scantlings than required. 

The number and sizes of shon^s usually required 
in each By.stem are : 


Height of wall. 

Number 
ofshoroH in 
ByHtcm. 

Scijint lings 
of each ehoro 
in system 

15 ft. to 20 ft. 

2 

5 in X 5 in. 

20 „ „ .‘10 „ 

2 

fl „ X 6 „ 

30 „ „ 3.5 „ 

3 

7 „ X 7 „ 

35 „ „ 40 „ 

3 

8 » X 8 „ 

40 „ „ 50 „ 

4 

9 „ X 9 „ 

50 upwards 

4 

12 „ x9„ 


The material used for shoring is usually fir, 
Dantzic being particularly suitable on account 
of its straight grain. For very long shores, 
however, it may be difficult to obtain this timber 
of sufficient length, and pine is sometimes used. 
But this is more expensive, and is therefore 
avoided, when possible, for what is merely 
temporary w'orR. The wedges should be of oak, 
as offering greater resistance to compression 
than fir, and the sole-piece may usefully be of the 
same material. Care must be taken to see that 
all bearing surfaces are truly cut, so that when in 
position they will be in contact all over. 

Flying Shores. Flying, or horizorUal 
shores [59] are employed wherever a suitable 
abutment can be secured above the ground 
level. Their most common use is when a 
house between two others is temporarily taken 
down and the buildings on^ch side require 
mutual support, but they may be employed 
across a court or street in the case of a dangerous 
building, with the consent of the owner of the 
opposite building, who is, however, at liberty 
to withhold it. 

The great advantage of a flying shore is that 
the principal timber is placed perpendicularly 
to the face of the wall, and therefore directly 
counteracts the overturning force. 

♦ C. Haden Stock. ** Shoring and Underpinning.” 
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Construction of a Flying Shore. 

Where a flying shore isnsed, a wall-piece is fixed 
against each wall as for a raking shore, the 
horizontal timber is fitted between the two 
plates, the ends carried on needles, and folding 
wedges are inserted between the end and one 
wall-piece and driven in to tighten it between 
the walls. In the simple form of flying shore 
straining pieces are placed above and below this 
beam at its centre, from the end of the lower 
one, struts are inserted extending downward 
to the lower part of the wall-piece, the heads 
abutting against needles as in an ordinary 
raking shore ; from the upper straining piece 
similar struts extend upwards. These struts are 
all cut as close as possible except one of the 
upper pair, and between the end of this strut and 
the straining-piece folding wedges are driven in 
until the principal timber is slightly deflected, 
all the struts are tightened, and the beam is 
rendered stiff. 

Such a beam with upper and lower struts 
will serve to strut a building at the level of three 
separate floors. If it be required to strut 
four floors, two horizontal beams are used, 
and placed opposite the second and third floors 
to be strutted, and the straining pieces are fixed 
one below the lower beam and one above the 
upper beam. Vertical posts are placed between 
these beams between the ends of the straining 
pieces, and the raking struts are inserted and 
tightened, as already described. If more than 
four floors require strutting two separate flying 
shores may be placed vertically one above 
another, with a continuous wall-piece if possible. 

Shoring Walls of Unequal Height. 
A somewhat similar arrangement may be used 
where the buildings are not of equal height [65]. 
The horizontal timber is placed at or near the 
top of the lower building, and the upper part of 
the taller building is supported by raking struts 
from the opposite end of the beam instead of 
from a straining piece. 

The horizontal timber must always be in a 
single length, as it is subjected not merely to 
compression but to cross-strain, and if fir 
timber cannot be obtained of sufficient length 
for wide spans, pine may have to be employed. 

The sizes usually employed for flying shores 
when the horizontal timber is placed at a height 
of about three -fourths of the distance from 
the ground to the top of the wall, and not more 
than from 10 to 15 ft. apart, are as follows. 
For spans under 15 ft., horizontal timljer, 
6 in. X 4 in. ; raking struts, 4 in. x 4 in. For 
spans iHjtween 15 and 53 ft., horizontal timber, 
6 in. X 6 in., up to 9 in. x 9 in. ; raking struts, 
from 6 in. X 4 in. to 9 in. x 4^ in. 

Where flying shores are used for supporting 
the flank wall of a building, it is often desirable 
to steady the front and back-end of such a wall 
with raking shores. * 

Underpinning. Underpinning in order to 
lower the foundations of walls is describ^ 
later in this course under Bricklaying. K the 
wall to bo dealt with is seriously out of per- 
pendicular, or badly cracked, or if, for any 
other treason, it be desired to remove entirely 
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for a time the lower part of a wall without 
disturbing the superstructure/ then a different 
course must be pursued. This consists in 
supporting the upper part of the wall by passing 
large horizontal timbers, termed needles, through 
holes formed in the wall, and supporting the 
two ends of the needle on vertical posts or 
dead shores [620. These needles should not he 
more than 5 to 7 feet apart, and should always 
be placed under a pier, not under an opening. 

Any overhanging piers or chimney breasts will 
require special attention and support ; where 
the object is to insert a girder to carry the 
superstnicture then needles must be placed 
above the level of the floor below which it is 
intended to insert the girder. For this work 
square timbers of large size are used, generally 
about 12 in. square. Solid bearings for the 
feet of the dead shores must be provided, and 
may be formed of a timber sleeper oreill ; the 
shore at the inner end of the needle must pass 
through the floor so as to support it directly. 
Folding wedges may be used Iwtwcen the foot 
of the shore and the sleeper to raise the needle, 
and press it tightly against the brickwork it 
is to support. Screw-jacks, or hydraulic jacks 
arc sometimes used in preference to wedges. 

Shoring the Floor Joists. If the floor 
joists rest upon the wall to bo dealt with they 
niu.st be strutted by a series of smaller dead 
shores resting on a plate below, and having a 
head below the ceiling level. These must be 
wedged up to take the weight of the floor off 
the wall, and jacks are specially useful in this 
work. Any upper floors, if there are more than 
one, should bo dealt with in the same way, so 
that all possible weight is removed from the 
wall itself. 

The main dead shores or those used under 
the floor may be formed in two heights if there 
is a difficulty in introducing the necessary large 
timbers in a single length into the building. In 
thi.s case an intermediate plate or transom is 
introduced at about half the height, extending 
through all the needles parallel to the main 
plate and perfectly level, and the wedges may 
be ihtroduced^above this beam. 

Strutting Window Openings. The 
window openings in the upper part of the 
wall must also bo strutted [56] with cross 
struts to prevent the risk of their becoming 
distorted. If the wall is insecure raking shon^s 
may bo required to steady the upper part, but 
where a girder is being inserted in a sound wall 
these may, as a rule, be dispensed with. When 
all the needles are in position, and care must 
be taken to see that they will not interfere 
with the work to be carried out, the wall may 
bo taken down, leaving the upper part supported 
by the needles and shores. If the wall is to be 
rebuilt, this can bo taken in hand as a whole ; 
or, if a girder is to be inserted, piers may bo , 
built to carry the ends of it, or stanchions, or 
wooden storey-posts inserted. As soon as the 
piers, or stanchions, are ready, the girder is put 
into position, and is then usually covered with 
slabs of stone from 3 in. to 6 in. thick, called 
cover stones [see Bricklaying], the full' width 
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of the widU and upon this brickwork is built in 
cement under the lengths of wall between the 
needles, and the now brickwork is pinned up 
tight under the old. If possible, the levels should 
be adjusted so as to allow of an exact number 
of brick courses being used, but if this is not 
possible the necessary thickness may be made 
up with hard slates or tiles set in cement. 

Striking Underpinning and Shoring. 

Seven days are usually allowed for setting, 
then the needles are gradually eased by 
loosening the wedges or lowering the jacks, 
so that the wall takes its bearing on the girder. 

They are afterwards removed, and the holes 
occupied by them made good like the other 
parts with brickwork in cement 

When this also is set the window struts may 
be taken out, and the dead shores supporting 
the floors, beginning, of course, with tlie upper- 
most floor, which will again take its bearing 
on the wall. Then in succession, at intervals 
of a day or two, tlu^ struts supporting the 
lower floors are removed successively, 
and they in turn take their bearing on 
the wall ; lastly, when the new wall or 
girder has received its complcUi load, 
and no signs of failure or settlement 
are observable, the raking shores, if 
they have been used, are first eased 
and then struck. 

Shoring Masonry Walls. In 

the cose of walls constructed of, or 
faced with stone, the method of 
applying the struts will often vary 
from that described. In the case of 
rubble walls built with a fair face [sec 
Masonry] and of small stones, shores 
similar to those described may 
be employed ; but with walls 
built of larger stones, in- 
cluding ashlar [see Masonry], 
the wall-piece is often omit- 
ted. The small wooden needle 
which fits into the space 
occupied by removing a half 
brick is not suitable where a 
large stone has to be cut out 
In this case a 
header of hard 
stone is inserted 
and allowed to pro- 
ject beyond the face ^ 

of the wall, and 
beneath it a piece of diagram op forces acting on 
oak is placed, to a single shore 

form a seating to receive the head of the shore. 

; Ooeasionally when great strength is required 
at some point in a wall, two systems of shores 
may usefully be employed close together; in 
such a case the systems are advantageously 
arranged not parallel to each other in vertical 
planeo, but converging so that where the 
struts impinge upon the wall they are close 
together, while the feet and the sole pieces they 
rest in are wider apart, and if two such systems 
are well^ braced lateraUy, great strength and 
stiffness is secured. 





Shoring Ruinous and Dangerous 
Structures. The method of dealing w^ith 
ruinous and dangerous buildings will vary 
greatly with the nature of the structure and the 
exUmt and nature of the failure or damage. 
This is liable to so much variation that nothing 
but very gcnc'ral particulars can be given. 
The first essential is to steady and uphold the 
building to prevent its collapse. For this 
purpo.se raking or flying shores are usually 
employed. When the building has been tem- 
porarily secured, needling may take place to, 
enable defective foundations or lengths of 
walling to be removed and reconstructed. 

P In the case of buildings supported on a 
* row of detached pii‘rs or arches, in case of 
the failure and cracking of a pier, it may 
suffice to uphold the capital of the column 
by means of a strong frame of timber 
placed round it and strutted up from a 
secure base ; but in other cases it may 
be necessary to shores up the two openings 
on each side of it upon a strongly-framed 
centre, such as is used for con- 
Q^structing an arch, and which will 
be described later. 

Old Buildings. In all cases in 
which old buildings rerpiire to be 
dealt with, it is very necessary that 
they should be carefully examined, 
and the condition of the materials 
and structure asc(*rtained, not merely 
on the surface of the wall, but in 
its heart. In many mediieval build- 
ings walls are found constructed 
with a com para t i \^ely thin external 
skin of good masonry, while the 
heart of the wall is formed of 
rubble or (;oncreh^; if the lime used 
in forming the concreto was not 
originally of good quality this may 
have diointegratod. In such cases 
it is impossible to employ needling 
unless the core can be first rend(Ted 
solid by the introduction of grout- 
ing [see Bricklayer]. It will 
usually be necessary to compute 
carefully the weight of the old 
building or the part of it which is 
lobe dealt with ; this is particularly 
necessary where any building of 
considerable height such as a tower 
has to be upheld, as the loads to be 
supported may be considerable. In 
such a position, too, there is ofUm 
very considerable difficulty in finding adequate 
room for the necessary supports without seriously 
(encroaching on the working space and rendering 
the work of reconstructing those parts of the 
structure that have to Ix' rcinstattal (extremely 
awkward and difficult. * With structures of great 
height and weight the work may sometimes be 
quite as economically done by taking down and 
reinstating fhe work as by shoring and under- 
pinning it ; other considerations than cost may 
however render the latter course the bettor one. 

R. EL8EY SMITH 
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Crop Diseases the. Ciiltivator must Fight. 
Weii'tried Preventive Measures and Remedies. 


RAVAGES OF 

T here are itiany plants which justly receive 
the name of “ pests,” because in one way 
or another they interfere with the work of the 
cultivator or breeder, and reduce his proKts. 
Such pests may simply compete for food, air, 
and light with the crops, or they may be of 
parasitic natun^ living on or ixi some unforlunatc 
plant or animal “ host.” 

The undesirable higher plants* known as 
weeds are* considered in the course on; Aori- 
CULTURE [page 837] ; tliey arc usually lawless 
competitors for food, though some of them, such 
iis clover, dodder, are parasites which suck the 
juices of their hosts. 

Most plant pests, however, are lowly forms 
belonging to th(i gn'at group of fungi [page 228], 
the members of which, beirtg devoid of the grticn 
<*olouring matter knowii us chlorophyll, are 
unable to live on carbonic acid gas, water, and 
simple miiicrar substances, and are thus obliged 
to prey on green plants (or it may be animals) 
as j)arasik*s of more or less injurious nature. 
Thes(5 fungoid pests arc so exceedingly numerous 
that it will only be possible to describe a small 
number of them. Many others are dealt with 
in text-books, and also in some of the leaflets 
gratuitously issued by the Board of Agriimlture. 

The Ruinous- Rusts. Rusts arc ex- 
cessively destructive pests which attack cereals 
and grasses, their name being derived from the 
fact that at a certain stage their presence is 
revealed by the appc'arancc of rust- red streaks 
on the leaves and stems. They cause enormous 
monetary loss to the fanner, as is sufficiently 
attested by the fact that in 1891. Prussia alone 
was out of pocket by their attacks to the amount 
of something like £20,000,000, a sum suf- 
tici(?ntly large to establish a respectable fleet. 
Yet for 1913-14 the cost of administration of 
our English Board of Agriculture and Fisheries, 
with all its innumerable activities, was estimated 
at the paltry sum of £309,532, and the establish- 
ment some time ago of a Development Fund of 
£500,000 a year for five years was regarded as 
a miracle of enterprise, which indeed it was — 
relatively. And yet agriculture is. and ever 
will be, “ our most important industry,” to 
say nothing of the harvest, of the sea. 

BlacK Rust. Black Rust {Puccinia 
graminis) [196], which attacks wheat and other 
cereals, and also grasses, although not thq 
comm^otiest, is one" of the most- interesting of ite 
kind. The body of this pest consists, as in 
many other ciiscs, of microscopic branching 
threads {hyphee) which burrow below the surface 
and are collectively known as a mycelmm. 
During June and July black rust grows .so 
activety that longitudinal cracks are formed 
in the skin of the wheat or other infested plant. 


PLANT PESTS 

and these take on a reddish colour owing to the 
formation of stalked reproductive bodies 
{nredoftpores) of rusty hue. These spores 
are easily detached and dispt'rscd by the wind, 
to infect other plants. 

Later on in the season, the disease patches turn 
black, owing to the formation of curious stalked 
winter spores {teJeMiofipores) of that colour. 
These remain dormant during the winter in 
straw and stubble, gt'rminatiiig in the spring, 
to produce minute rounded spores (sporidia) [187] 
whi(;h are not able to infect cereals or grasses, 
but if blown on to the icjives of barberry arc 
able to develop further,^ the result being rounded, 
orange-coloured “ clustcr-cups ” on the under 
sides of the leaves. Within thc*se still another 
kind of spore (tvddiospore) is produced in largo 
numbers [ 188J. 8uch spores will grow no further on 
the barberry, bid, whi^ri transferred to wheat 
and the like, germinate and give rise to a 
mycelium, from which uredospores arise [189],th(5 
life-C3^ele thus beginning again. W^e see, there- 
fore, that the same pest attacks two dilTerent 
“ hosts ” at ditferent stages in its life, and this 
is quite a common occurrence, not only in 
parasitic fungi but also in some of the lower 
animal pests. 

Yellow or Spring Rust. Much com- 
moner than the last species is Yellow or 
Spring Rust (Puccinia glunmrtim), in which the 
infected patches, prodiuing uredospores, make 
their appearance' comparativt'Iy early in the 
year, ami are of pale yellow colour. Black 
teleutospores follow in duo course, but there 
dot's not a[)pi‘.ar to be an aecidial stage, the 
parasite attacking but one kind of plant, which 
may be wheat, barley, rye, or some kind of grass. 

White Rust. White Rust (Cyslopus cxin- 
didus)in a most destructive fungus [191] which 
infests cabbages, nulislu's, and other cruciferous 
plants, its })resei\co being indicated by snow- 
white patches, often arranged in a concentric 
manner, on leaves and stems ; also by thicken- 
ings and deformations. Every white patch is 
a manufactory of chains of spores (conidia), 
within each of which numerous motile zoosporiis 
are formed, as in potato disease, which is de- 
scribed below. Hard-coated resting s})ores 
(oospores) arc also formed by a S(\\ual process, 
and these tide over the winter, giving rise to 
broods of zoospores in spring. The obviously 
diseased > parts of the crop should be carefully 
collected and burnt, and the cruciferous wci'd 
shephertrs purse (Vapsella hursa-p^doris), 
which plays a great part in disseminating this 
pest, should be eradicated so far <is possible. 

Different varieties of wheat, the chief cereal 
attacked, are susceptibU^ to rust in varying 
degrees. By working on Mtmdelian lines. Professor 
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190 . WIUTIMIKAD, OH TAKK-AI.U 

1. The appairance of the fungus at the hus<? ot oui-plaiits. 

2. Fungus on a k'af'SlH!nMi. JJ. reritliectum, or fruit of 
the fungus. 4. Ascus with spores csraping. Spore. 

Rowland RifToti. at Cambridge, has betui able to 
produce avaricty which is both “rust-proof” and 
of high comiiKTcial value. Much can also be 
done by way of prevention if sound fanning 
methods are adopted and infected straw burnt, 
insteiul of being used for litter which later will 
be brought on to the land in farmyard manuie 
and beeonu^ a source of infeetioii. Black rust 
is, of course, favoured if barberry bushes arc 
permitted to grow near a crop liable to attack. 

The Ravages of Smuts and Bunt. 
Smuts are fungoid pests which blacken and 
destroy the cars of oats, wheat, and barley. 
The black dust i)roduccd consists of innumerable 
spores. Oat Smut ( U .^tllago avenae) [ 197J is trans- 
mitted by diseased grain, but the pest can be 
kept in check by “ pickling ” sced-com w^ith 
dilute copper sulphate or formalin. Tn the 
i juscs of Wheat Smut ( Udilago iritici) and Barley 
Smut (IJ, mida and U. lecta) it is probable that 
the infestation is not transmitted by discasc'd 
seed -corn, for young flowers are attacked, not 
the seedlings. Pickling would therefore appear 
to bo useless, but the destruction of diseased 
ears is desirable, as in {ftuuts generally. (Some 
of the grasses are also attacked, so that here, 
as generally, arable land should be kept as free 
as possible from plants other than*the crop. 

Bm\i (Tilletia caries) [193] is related to smut, but 
is distinguished by the greasy nature and evil 
odour of the spores that fill the infected grains. 
Wheats barley, and maize all suffer from this 
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pest, and pickling the seed-corn is an effective 
measure of prevention. 

How Ergot is Spread. Ergot {Claviceps 
purpurea/^ [194] attacks various gra.sses and 
cereals, rye being notable among the latter. An 
“ ergot ” (French for cockspur) is an elongated, 
purplish-black body of hard texture, which takes 
the place of a healthy grain, and has attained its 
full size at the beginning of July, or rather later. 
It is the resting stage of the fungus, remaining 
dormant on or in the ground during the winter, 
and germinating in the spring, to produce a 
number of stalked bodies with swollen heads 
(stromata). Sunk within the surface of the 
latter are numerous groups of spindle-shaped 
tubes (asci)f within each of which from six to 
eight needksshaped spores are produced. These 
are liberated when ripe and dispersed by the 
wind, some of them falling on the flowers of a 
suitable host, where they germinate, to produce 
branching threads giving rise to innumerable 
rounded spores (conidia). At the same time a 
sweet sticky fluid (honey dew) exudes, which 
attracts flies that unconsciously carry the dust- 
lik(^ spores from flower to flower, ultimately to 
d(‘stroy the grains and to develop into ergots. 
As these cause cows and ewes to give birth to 
their young prematurely, ergoted grasses should 
be destroyed so far as possible, and it is needless 
to say that grass or other seeds containing ergots 
should not be sown unless these are removed. 

White-head or TaKe»all. White-head 
(Ophloholus graminis) is a destructfvo fungoid 
pest attacking wheat and oats, often leading to 
the destruction of as much as half the crop [190 j. 
A plant alfeeted by whitc-lunid grows to its 
full size, but is dead and bleached, and only 
produces shrivelled grains. The blackened btist; 
of the stem marks the seat of the disease, and 
gives rise, later on, to little, hardened bodies, in 
which spore-cases and spores resembling thost^ 
of ergot are produced. Take-all is the safne pest ; 
it attacks young plants, killing them at various 
stages. Freventivo measures depend bn the fact 
that small quantities of superphosphate, sulphate 
of ammonia, or phosphate of ammonia arrest the 
grow th of the fungus. 

American Gooseberry Mildew. -This is 
a highly destructive, notifiable disease due to a 
fungus (Sjjhcerothem rnors-uvcfi)^ and first noticed 
in this country at the beginning of the present 
century. It forms a whitish mildew on the 
opening leaf -buds in spring, and this spreads 
to the adjacemt parts of the plant, producing 
myriads of dust-like spores (conidia). Toward 
the close of the year a dark colour is assumed, 
and minute hard “ winter frSdts ’’ are developed. 
Within these large numbers of egg-shaped spores 
are formed, which spread the infection in spring. 
The only radical cure is destruction of diseased 
gooseberry bushes. 

Clover SIcKness. One kind of clover sick 
ness (Sderotinia disease) is due to a fungoid 
pest, which iflianifosts its presence by producing 
hard black “ fruits ” (sclerotia) at the base of the 
infected plant [192]. As in some of the fonns 
already describ^, those are capable of remaining . 
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dormant during the winter, giving rise in spring 
to stalked bodies with cup-shaped ends, where 
numerous spores are produced. Infested plants 
are yellow, stunted, and abnormally thickened. 
Land infected by sclerotia must be kept free from 
leguminous crops and weeds for several years. 

Potato Disease. Potato disease, which at 
various times has cornpletc'ly ruined the potato 
crop, is due to a fungoid pest (Phijtophthora 
injestans), which blotches the leaves, blackens 
and vshrivels the stems, and rots llu; tubers. 
It is easily recognised, at an early age, by the 
presence of brown spots with white edges on the 
under sides of the leaves. It is here that the 
parasite, burrowing in the internal tissues, sends 
out branching threads into the air. At the end 
of each branch an egg-shaped spore (conulium) 
is produced, which is readily detaclu^d and 
(tarried away by th(^ wind, to spread inf(‘ction. 
It may (*ithor germinate directly or its contents 
may divide into a number of still smaller spores 
{zoospores), each of which is provided with a 
couple of slender threads that, by lashing 
movements, enable the spores to swim in the 
Hlms of moisture piesent on the potato plant. 

Fighting Potato Disease. Some varieties 
of potato are less susceptible. to the attacks of 
this disease than others, and theses should be 
favoured in cultivation. Diseased plants ought 
to be burnt, and only absolutely sound tubers 
employed for the purposes of {propagation. 
Spraying with Bordeaux mixture — a weak 
solution of copper sulphate to which quicklime 
has been added-- is very effect ive, both as a 
preventive and a remedy, and it has the advan- 
tage also that it greatly stimulates the growth of 
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1. Hoot of clover plant wiili sclerotin 2. A sclorotinin 
producing fruit. 3. An asms, containing eight .spon-s. 

the crop. Late spraying may be recommended 
as against (*arlier treatnumt, a,nd it is jprobably a 
waste of moniy to sj)ray both i‘arly and kite.* 

Damping off. This is a disease which in- 
fests the seedlings of cruciferous and some 
other plants, and is favoured by undue moisture, 
as, for (‘xami)l(s in greenhous(‘s. It is caused by 
a fungus (a speeu's of Hifl Ilium) which attacks 
tlu* btises of seedlings, causing tluun to fall over 
and die. As thii soil gets infected by spores, 
the same crop should not be grown continuously 
after the disease has made its appt*arance. 

Wart Disease, or Black Scab. This pest 
(Chrysojthhjdis endobiotica) attacks . potatoes, 
especially when grown year after year in the 
same ground. Its ravages havl^ been so serious 
of late years that it has been nuule a notitiablc 
disease. Black warts apj)ear on the tubers and 
fuse together into irregular masses. The leafy 
shoots above ground may also bo atfectt‘(l. 
Microscopic examination shows that the fungus 
consists of isolated rounded cells, within some of 
which motile zoospores arc formed. These make 
their way into the soil, to serve as agcuits of 
infection. Other cctls become thick- walled 
resting spares, which remain dormant through the 
winter and germinate in spring. 

Fortunately, some kinds of potato resist the 
disease better than others, though none appear 
to be entirely immune. As the infection is spread 
both by seed potatoes and in manure, carb 
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should be exercised to secure that these are not 
inlcofxid. In the case of an outbreak the crop 
should be lifted and destroyed, though un- 
affected or slightly affected tubers can be fed to 
stock, provided they arc first boiled. Potato 
growing should be discontinued for some years 
on the infected area — though it is often difficult 
to carry out this recommendation — and the soil 
treated with gas-liino or flowers of sulphur. 

Club Root, Anbury, or Flnger«and« 
Toe. This nuisance (Plasmodiophora bretssiem) is 
a fungoid disease attacking turnip [198], cabbage, 
and other cruciferous plants, producing character- 
istic swellings and deformations. The shapeless 
body of the parasite fills the infected cells of the 
swollen parts, giving rise to an enormous number 
of exceedingly minute rounded spores, which get 
into the soil and spread the disease. Infected 
plants should l>e burnt, and a dressing of lime 


spores are detached. Every opportunity should be^ 
taken of destroying fishes found to be suffering 
from the disease in question. 

General RemarKs on Fungoid Pests. 

Sound, up-to-date farming is by far the best 
means of maintaining the health of crops. By 
the adoption of a suitable rotation, pests of 
particular kinds are prevented from obtaining a 
hold on the soil, and judicious manuring — always 
excluding infected farmyard manure — ensures 
health and tides over the critical early stage. 
Home manures, as already explained, destroy 
spores and check the growth of pests. The 
eradication of weeds is an important matter, 
for these often harbour the early stages of 
parasites. One very hopeful modem direction of 
advance consists in the breeding of varieties, 
such as rust-])roof wheat, which arc immune 
to notorious fungoid pests. Wo also realise that 
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applied to the land, by which means tlu* spores 
in the soil will be destroyed. 

Fungus spreads Cattle Disease. Fun- 
goid pests mostly attack plants, but there arc 
some causing serious diseases among animals. 
Actinomycosis, or hard tongue, in cattle is due 
to the ray-fungus (Actinomyces), which causes 
the tongue to become swollen and hard, and 
also gives rise to nodules and tumours. Infection 
is contracted by eating grasses or cereals 
(especially barley) on which the fungus is grow- 
ing. The chief preventive measures are drainage 
of land and avoidance of barley straw for feeding 
oung stock. The disease yields fb treatment, 
ut this is the affair of the veterinary surgeon. 

Salmon Disease is due to a fungus 
{Saprpkgnia Jerox) which grows in the skin and 
pi^UQ^ raw places, from which highly infectious 
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there is valuable research to be done by way of 
devising spraying mixtures able to kill variou.s 
pests without injuring the crops, for if Bordeaux 
mixture can keep potato disease in check 
without injuring the potato plant, there seems 
no reason why other fungi should not succumb 
to other compounds. 

Bacterial Diseases, ^hese are dealt witli 
in the course on Bacteriology, but it may hen* 
be noted that in this case animals are the chie f 
victims, and the* large majority of their infectious 
or contagious diseases are of a bacterial nature*. 
There are, however, some plant diseases due to 
certain of those microscopic foes, potatoes and 
cruciferous crops being particularly liable to 
attack, while the flowers of some fruit-trees, apjjk* 
in particular, may also suffer from these insidious 
organisms. J. R. AINSWORTH-DAVIS. 
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Electric Motive PoY^er. Continuous Current Motors. 

The Propelling Drag. Torque. Voltage and Speed. 

THE ELECTRIC MOTOR 


electric Power. An electric motor is a The Prope 

machine for transforming electric into mechanical understand the 

energy. As made today, it is a very efficient remember the < 

tool, converting in many cases 85 to 00 per magnetic field e 

cent, of the electrical energy supplied to it into t arrying a ciirrei 

useful mechanical work. The princij)lc under- 94 reproso 

lying its action was discovered by Faraday in ma<mets, a nort 

1822, when he succoede<l in causing a conductor ita’ invisib’ 

carrying a current to rotate round the pole of a of it. In front 

bar-magnet. This conductor was supported at conductor carryi 

its top end, but was free to move, because it.s represented as I 

lower end was dipping into a pool of mercury Then it is cx))p 

surrounding the magnet. It is well to remember jg acted on by 

that it is not the magnet pole attracting and attraction towa 

repelling the armature conductor which causes a from it, but a 

motor to work. The action is a lateral one. the shift the win^ 

magntdi polo tending to urge the conductor past the whole, 

laterally post itself. instead of a nor 

Electric Motors. Electric motors may be coming toward v 
of various types — namely, those for continuous upward. If the 
currents, with which we are principally con- the current had 
cerned in this chapter ; indue- 
tion motors, which are more 
particularly described in the 
chapter on Three-PIiaso Alter- 

nating (Currents; and Single- - T\ 

Phase Repulsion Motors, to ^ I ) u 

which reference is made in the / / W/////;////J 

chapter on Electric Raihvays. m/JlIlilitm 

Continuous - current motors 
may again be divided into two 

types, distinguished principally \ 

by the method in which the ' ^ 

field-magnetsarewouiul. Seri.^- magnetic drag on conductor 
wound motors, m which the • current 

field-magnets have a thick wire 

winding carrying the whole of the armature symbol B star 

current, have special characteristics, which are is, tlio number 

fully dealt with in the chapter on Electric T?am- the pole surface 

ways, as they are very useful for that- purpose. (amperes) eai riet 

Shunt-wound and compound-wound motors are wire crossing tl 

most common in industrial work, and claim our length across tin 

special attention in this chapter. pounds, with wl 

Shunt -wound Motors. Those motors polo, is given 

have a fine wire field-magnet winding connected j = B 

in parallel wdth the armature circuit (as described For example, 
in the chapter on the Dynamo), so that only inch, 10 a 

about 3 to 5 per cent, of the total current 4.5,000 x 10 x 5 

passes through it. When supplied from constant- In some 0 ] 
pressure circuits — the usual condition of public armatures had 

supply — shunt motors w'ork at nearly constant copper windings 

spo^, whatever the load. If absolutely constant bound on by 

speed is necessary, it is easy to arrange this by the coj>por wii’i 

making the motor compound-wound ; that is, of the magnetic 

having a few series turns in addition to the shunt For instance, if 

winding. The series coils must, however, weaken each wire had I 
the shunt field, and not strengthen it, as in the cose one-fifth of ^ pc 

of a compound' wound dynamo. (Seep. 1152.) such wires passi 


The Propelling Drag on a Motor. To 

understand the action of a motor, it is well to 
rcmiember the character of the drag which a 
magnetic field exerts on .an electrical conductor 
carrying a current. This is shown graphically in 
94. 1’his represents the pole of one of tlic electro- 
magnets, a north pole of nearly scpiaro shape, 
with its invisible magnetic lines radiating out 
of it. In front of this pole there lies copper 
conductor carrying an electric current, which is 
represented as ilowing from us along the wii'e. 
Then it is cx))erimentally found that this wire 
is acted on by a force Avhich is neither an 
attraction toward the pole nor a repulsion 
from it, but a mechanical drag tending to 
shift the w'irc^ sidew'ays to itself, and upward 
p.ast the whole. If the pole were a south polo 
instejid of a north pole, the drag on the current 
coming toward us w'ould be dow nward instead of 
upward. If the pole were still a north jiole, but 
the current had been revers(*d in direction so as 
to flow toward us instead of 
from us, then the drag would 
downward. Reversing the 
sense of cither of the two 
elements (the magnetic field 
V ~ / ) 1) I current) reverses the 

Ihflfllfjtlj threction of the mechanical 
5^// jmjmjMj force. But if both W'crc reversed 
at once the mechanical force 
would still be upward. 

\ Calculation of Force 

\ on a Conductor. The 

10NCONDUCTGR for «alculating tho 

CURRENT •Tu'? 

such a case is this. Let the 

symbol B .stand for the flux-density — that 

is, tlio number of lines per sijuare inch at 

the pole surface; C, (or IJ for the current 

(amperes) carried by one wire ; 1 , the length of 

wire crossing the flux, being the same as the 

length across the pole face ; then the force /, in 

pounds, with which the wire is urged across the 

polo, is given by the rule : 

/ - B xCi X 1 11,303,000. 

For example, if 8—45,000 lines per square 
inch, •— 10 amperes, and I -- 5 in., then / — 
4.5,000 X 10 ::5 -:-ll,303,000-0-199 lb. 

In some old patteras of motors tho 
armatures had smooth iron corc\s, with tho 
eopjier windings lying on tho outside of them, 
bound on by binding w’ire.s. tn sucli coses 
the cojiper wires were dragged by the action 
of the magnetic field, And this drove the motor. 
For instance, if in some such motor the drag on 
each wire had been, as calculated above, about 
one-fifth of ^ pound, and if there had been 400 
such wires passing under the various poles, the 
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total peripheral drag tending to turn the arnia- Speed, Torque, and Power. Power, 
ture would have been equal to 80 lb. But in being a product of effort and speed, expressible 
modern motors the armature cores are always in foot-pounds per minute, may be stated in 
built up of toothed core-discs, and the copper two w'ays ; either (1) as product of torque and 
wires (properly insulated) arc wound in the slots angular speed, or (2) as product of peripheral 
between the teeth, in that case, the propelling force and surface speed. By angular speed is 
drag does not come upon the copper wires, but meant the number of radians (see Geometry) 
comes upon the iron teeth, and drags them round, per minute, and is calculated by multiplying the 
The amount of the force is just number of revolutions per 

the same as if it came on the minute by 27r(=6*28). Thus, 

wires, but the mechanical con- ^ body revolving at 600 revolu- 

struction is far better, as the tions per minute has an angular 

wires are protected from risk V / speed of 6*28 x 600 =3768 

of displacement by being sunk i 7 radians per second. We may 

in the slots. take as an example of both 

Magnetic Drag. We may /^\ calculating power the 

regard the propelling drag in oc f ) ^ ^ motor armature niiv; 

the motor as the result of the V y inches in diameter, having a 

magnetic reactions betw^een the ae total peripheral force of 134 lb., 

held- magnet poles and the arm- lOAU revolving at 600 revolu- 

aturc. We know [seepage 493] ' tions per minute. How inu<;h 

that there is always a tension along the invisible power is it giving out ? The radius is 4J in., 


magnetic lines, which act as though they tended 
to shorten themselves. Now, suppose we repre- 
sent, as in 95 , two of the poles of a four-pole 
motor and the piece of the armature opposite 
them. If there is no current in the armatims the 
magnetic lines from the poles will cross to the 
iron teeth of the armature nearly straight across 
the clearance, and each pole will pull directly 
at the teeth opposite, and this pull will not tend 
to drive the armature either way. But if, as 
in 96 , the armature wires are carrying currents 
(the dots and crosses represent currents coming 
tow’^ard or from us, as exydained on page 1149), 
then the magnetic lines will be distorted, as 
shown, and will cross the gaps obliquely to the 
teeth ; and in that case there will obviously 
be forces tending to drive the armature and 
make it turn. 

Torque, or Turning Moment, The 

mechanical tendency to turn 

anything around an axis of — ■ — y__ 

rotation is called by engineers 

the torque. It is also called the 

turning moment, or angular V 

force, or couple. The torque, ( ^ 

or turning moment, due to 

any force is equal to tlio pro- > 

duct of the force and its C ( 

leverage. Thus, if a force of V. 

ten pounds acts with a lever- 

age of two feet, there is a magnetic fl 

torque, or turning moment, ^ 

of 20 pound’feet. The name of one pound-foot 

is given to that amount of torque which is 

exerted by a force of one pound acting at a 

radius of one foot. 
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or 0-375 ft. ; then, multiplying the peri- 
pheral force of 134 lb. by the -leverage of 
0-375 ft., wc see that the torque is just over 
50-25 pound-feet ; and 50*25 pound -feet multi- 
plied by 3768 radians per minute = 189,342 foot- 
pounds per minute, which, divided by 33,000 
to bring it to horse-power, gives 5*74 h.p. Or, 
calculating by the second method, the surface- 
speed will bo equal to revolutions per minute 
( 600) multiplied by circumference (= 0*75 x 

3*14 - 2*355 ft.), and is therefore 600 x 2*355 
= 1413 ft. per minute; and, multi])Iying this 
by the peripheral force of 134 lb., gives as the 
power 1413 x 134 -- 189,342 foot-pounds per 
minute, or 5*74 h.-p. as before. 

A. Modern Motor. Let us study a modern 
motor, such as is depicted in 97 and 98 , capable 
of giving out, when tested by a brake, 5 h.p., 
when running at 6(K) revolutions per minute, 
and so wound as to be suit- 
able to work on mains supplied 
at 220 volts. 

Now, wo know that if it is 
'<f actually 5 h.p. it 

^ 1 actually receive more 

than the equivalent electri- 
s. because of the inevitable 

) friction, armature 

y heating, and the like. If we 

receive from the mains the 
equivalent of 6*75 h.p. — that is, 5*75 x 746 - 
4289*5 Wyatts. Now, dividing the watts by the 
volts gives the amperes ; or ^ 289*5 h- 220 = 19*5 
amperes, which will be the current the motor 


Those not familiar ' with ' precise scientific 
terms must not confuse between one pound-foot 
of torque and one foot-pound of work ; for the 
pound-foot which is a turning efiort is the 
product of a force exerted tangentfhlly, into a 
length at right angles to it — that is, radially ; 
wlier^ the foot-pound which is the work 
done in k movement is the product of a force 
into a length in the same direction as itsidlf. 
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will take from the mains. 

The construction of this motor is as follows. 
There are four poles, each having a flux of 
about 1,180,000 magnetic lines; aiid as the 
surface of each pole is about 26 sq. in., the 
flux density at the pole-face is about 4W5,000 lines 
per square inch. The armature core is built 
of toothed core-discs, like 68 [page 1009], 9 in. 
in diameter td a length of al^Utr 6 in. They 
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have 31 slots, 1 in. deep. The armature coils 
are former-wound, like 61 [page 1008], 15 wires 
being taped together in each coil, and the coils 
assembled two-deep in the slots, as in 99, so 
that each slot carries 30 wires. The coils, bent 


permit wider speed variations. Tlie appearance 
of such a motor is shown in 106. 

Protected and Enclosed Motors. 

Sometimes motors are left entirely open, and 
then they resemble the four-pole dynamos dc- 



like the one marked AB(\ arc fitted in symme- 
trically, and fixed by wedges and binding wire. 
This makes the total number of wires around 
the armature 930, of which not more than 
about 670 are fit any one time actually passing 
under the poles. The grouping of the coils 
constitutes, as explained on page 1151, a serics- 
])arallel winding with two circuits through the 
armature, like 74 [page 1151]. At full loatl, each 
wire, therefore, carried 19*5 2 -- 9*75, or nearly 

10 amperes. The drag on the armature may 
be calculated as though it came on the wires, 
and, according to the rule laid 
down above, will be 45,000 x 
10 X 5 11,303,000 = 0-199 

lb. per wire, or about 6 lb. per 
tooth under the poles, or in total 
about 0-199 X 670=- 1341b. The 
commutator has 93 segments, 
and is eight inches in diameter. 

The field- magnet coils consist of 
1200 turns each of a fine w ire 
carrying about one ampere. 

Fig. 66 [p. 1009] shows a view' 
of an armature of such a motor 
'when completed, and 101 gives 
an external view of the whole 
machine. Small motors under 



])icted in 50 [page 1007]. More often now they 
are built with end-sluelds which support the 
bearings, and thus ]U’otoct the armature ends, 
the commutator, and the brushes, such forms 
being described as protected motors. Others are 
enclosed by having the spaces in the end-shields 
covered with perforated metal ; while others, 
again, are totnlh/ enclosed, to enable them to be 
used in factories where an explosive gas or 
combustible dust is present in the air. As 
enclosing a motor j)revents the cooling of the 
internal parts by access of air, they have to 
be given a lower rating ; thus, 
a motor which, if open or only 
protected, was rated at 5 h.p., 
could only be rated at 3 or 
3J h.p. if totally enclosed. 

Voltage and Speed of a 
Motor. There is a fixed re- 
lation between the voltage 
applied to a motor and the 
speed at which it runs, pro- 
vided the magnetism of its 
poles remains constant. For if 
we regard the revolving arina- 
ture, as# on page 1-118, as acting 
like that of a dynamo, we may 
calculate what ‘voltage its con- 


5 h.p. are often made bipolar, 99. armature winding, end vi^w d^^dors will create by cutting the 


like 61 or 52 [page 1007]. 

Motors of large size often have “interpolos,” 
or auxiliary poles. These give a larger output 
for a given carcase ; they will withstand heavier 
loading without exoessive sparking, and they 


magnetic lines. Every motor docs this, and 
necessarily creates a ba(^k- voltage, which can, 
however, never be greater than that which 
is applied to its armature. In fact, every 
motor tends to run up to such a speed that 
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it generates a back- voltage ec^ual to that part 
of the actual voltage that is applied to 
its armature. If a resistance be introduced 
into the armature leads, this will, of course, 

reduce the 
amount of 
voltage that 
is available 
at the arma- 
ture, and re- 
duce the 
speed. By 
the rule *on 
page 1 152, 
this mqtdr, 
with a flhx • 
of 1,180,000 
lines per 
pole, 930 

100. srKKD-REDUCiNp OEAR ' Conductors, ^ 

FITTED TO MOTOR ' ^ poles, 2 cir: 

- -t cults, and 

speed of 600 revolutions per minute, will generate a 
back-voltage of ^ x x 930 x 1,180,(KK) - 

100,000,000 = 220 volts, equal, when the motor 
is running light, at top speed, to the voltage of 
supply. If load is put on, the speed will drop a 
little, the back-voltage will drop correspondingly, 
and therefore automatically, and more current 
■ will flow from the mains to drive the load. At 
full load with this motor the speed drops to 
about 570 revolutions per minute, so that the 
back- volt ago drops to about 210 volts. By 
weakening the magnetiarn oj the field-magnets of 
the motor y it will rtm /aster ; by strengthening ity 
the motor will run slower, I'his property is made 
use of to regulate the speed, 

Starting of Motors. Kxcept in the case 
of small motors, it is necessary to introduce 
resistance into the armature circuit when 
starting. Unless this is done, there will be such 
a rush of current through the armature that 
there would bo a risk of it being seriously 
damaged. The cause of this is that until the 
motor attains a reasonable speed there is little 
or no back-pressure to prevent a rush of current. 
Consequently motor-starters have been designed 
which provide for re- 
sistance being intro- 
duced into thie armature 
circuit bn starting. In 
those appliances, by the 
movement ' of a, handle, 
the starting resistance 
is gradually cut outl)! 
circuit as thc' motor 
•gains in speed. 

Fig. 102> represents 
101. COMPLETE MOTOR diagrams ' fomi a 
OF 6 -horse Power in common use. 

The current on its way 
to the magnet windings is taken round the coils of 
a small mectromagnot at A, so that when the 
switch arm is moved to the full “ on ” position, 
it is held there, against a spring, by attracting 
tlio soft iron armature B. Should the current 
fail to pass through the exciting circuit' of the 


field-magnet by any break of the connections, the 
electromagnet A at once releases its hold, and 
the spring pulls the lever bock to the “off” 
position, thus protecting the armature from any 
abnormal rush of current which might bum it out. 

Sometimes motors are fitted with an overloarl 
release which automatically releases the con- 
trolling lever if the motor, by getting jammed, 
takes an ex- 
cessive ' cur- 
rent from the 
mains. 

.Fig. 107 
shows a -mo- 
dern motor 
control pillar 
as uscd.jn.the 
best class of 
work. T h c 
resistance i s 
npt only suit- 
able for use 
at starting, 
but, as it may of motor starteii 

remain afterwards in the circuit, it will also serve 
to some extent, for regulating the speed. This re- 
sistance, fitted with its no-load and overload auto- 
matic releases, is seen in the lower part of the case. 
Above is the main double-pole switch, and thc 
fuse ; and, higher still, the hand- wheel which gives 
a further control by varying the resistance in the 
field-magnet circuit. The instrument at the lop 



is an amperemeter (calibrated sometimes ic 
amperes and sometimes in horse-power) 
showing the work that is being done. 

Variable Speeding of Motors* To en- 
able a motor to operate at different speeds then 
are different devices. One of these is to intro 
duce into the main path of the armature current 






more op less. resistance. This reduces the voltage 
that is available at' the brushes, and therefore, 
other things being the same, reduces the sj>eed 
at which it tends to run. But this device is not 
economical, as it wastes energy in licating the 
n'sistance. In the case of shunt motors — that is, 
those having their field-magnets excited in 
shunt circuit from the 


GROUP lOr-EI-epTRICITY 

Motor Equipments. Motors have now 
come into such universal use that even short 
descri})tions of their arrangements are not 
possible here. In the printing world (hey are 
very i)opular. Hero a motor must be able to 
keep a. large machine working at nearly full 
speed when })rinting off, but during the ])eriodof 


mains — it is usual to in- [ 
t reduce a variable resist- i 
ance into this shunt circuit, ; 
whereby the amount of [ 
exciting current , and thenv 
foro the amount of mag- 
netism, can bo reduced to 
raise the speed, or in- 
creased to lower the speed. 
This is an economical 
method, and is often com- 
bined with the former 
plan. 

In the case of ordinary 
shunt motors it is possibl<% 
by the combination of 
these methods, to get a 
range of variation of speed : 
of 4 to 1 , or (wen of (5 to I 1 
if the motors are designed 
with interpoles, but it is 
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necessary to remember that at these low speeds 
the output of the motor is correspondingly 
reduced. In the case of series-motors there is 
another possible means of regulation — namely, 
by arranging a shunt to the sc^ries fi<*ld -magnet 
winding, thus weakening the? magnet when it is 
desired to make the armature run faster. 

Motor Gearing. It is often necessary to 
reduce the speed of a motor flOOJ in ord(^r to 
use a cheap high-speed machine for some work 


plating it must run so slowly as to move the 
press inch by inch at will. For .some classes of 
work motors must run at constant speed what- 
ever the load ; for other work they must be able 
to be operated at various speeds at will. Some- 
times the motors are placed in iiuKX'cssible places, 
because room cannot be spared for them on the 
floor of the worksho]). Wlmtever the conditions, 
the electric motor is found in practice to be cfiual 
to the demand upon it, and in almost every 
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needing low speed. This is effected by the use instance its^ reliability and adaptibility have 
of gearing [ 104 ], as, for instance, in the case commended it to its owners, 
where a motor is arranged to drive a large lathe. Methodfi of Driving. Ihc question how 
Figure 108 , illustrating a motor driving a hoist, to apply the electric drive in particular cases 

shows the familiar case of leather belt-drive. is a very interesting one. It will l>e evident that 
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where a large motor is used to drive a number 
of separate tools, the adoption of long lines of 
countershafting is the cheapest arrangement in first 
cost. There is then only one motor in addition 
to the belting and shafting. Such a combination 
does not, however, work under the most econo- 
mical conditions. At times, when only one or 
two tools are actually in use, the motor as well as 
the countershafting will have to run, and the 
cost of the power thus used will be out of 
all proportion to that needed to perform the 
actual useful work. The ideal method is to 
have a motor for every tool. It is expensive 
in first cost, but each tool is worked under 
its best conditions at a minimum total 
expenditure of power. In practice it is 
necessary to coTn])romi8e. and the skill of 
the engineer is show’n in the grouping of those 
tools which work together, so that the work- 
ing costs are low', while the first coat in the 
number of motors required is not excessive. In 
textile mills this group division is very notice- 
able and very imjjortant. It permits the oven 
drive of the motor to be so transiuittixl to the 
machines that they may be safely run at 
higher average speiMls than are permissible w ith 
other methods of driving ; and this results in 
a correspondingly increased output. In the 
case of large machine tools the individual drive 
is almost universal. Figure 105 is a case in jmint. 
Here the motor can be started, regulated, or 
stopped, as required, without interfering with 
other tools, and the lathe can always be worked 
under the best conditions. Moreover, the greater 
the number of separately driven tools, the less the 
amount of shafting needed. Few j)crsons realise 
what large amounts of power are wiistcd in the 
lengths of shafting turning round, oftcui idly, 
during the whole time that the w'orks are open. 
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Electric Cranea. So great are the 
advantages of the electric motor as applied to 
travetiiiig cranes that practically all travelling 

* 


cranes now made for factories are driven by 
electric motors. Cranes for shipyards, docks, 
and railway loading are often now electrically 
driven. Motors for electric cranes are not 
required to run at a 
uniform speed ; and as 
they are used inter- 
mittently, with periods 
of rest in between, it is 
usual to allow them to 
be designed with- thin- 
ner copper conductors 
and smaller cross-sec- 
tions of iron than are 
considered permissible 
in other motors. As a 
consequence tlicy heat 
up more quickly when 
the current is switched 
on, but they have time 
to cool dow'ii again. 

Power Needed 
for Working. It is 

a good plan, whenever 
possible, to place an 
amperemeter in the 
circuit of each motor, 
or, if a number of 
motors are used, to 
have a portable instru- 
ment which can be 
placed in each motor 
circuit as desiretl. Tho 
readings should bo 
recorded and compared 
from time to time, so 
that any sudden in- 
crease may be dis- 
covered, and the cause 
found out and remedied, 
horse- power can bo arrived at by multiplying 
together tho amperes and the volts, and dividing 
the watts thus obtained by 74fi. If the result is to 
be expressed in kilowatts, divide the watts by 1000. 

Cost of Power, To enable electricity to 
compete successfully with other forms of power 
under normal conditions, the prices paid per 
Board of Trade unit should not exceed Id., or at 
most IJd. At these rates electricity can usually 
hold its own on the score of cost alone, for whereas 
with other forms of power the machinery has 
to be kept running all the time, with .ah electric 
.motor which can be started and stopped as 
needed there is no power being paid for which is 
not actually used. This has a very important 
bearing on cost in those places where a few 
machines are wanted at times when the greater 
part of the w'ork is stopp^. Fortunately, in 
many places electric power is much oheat)er than 
the figure above named, Jd. and in some cases 
M. per unit being the prices^asked for power for 
motors that run a large number of hours per 
week. Wherever this is the case — such as in th<‘ 
Tyne or the West Ham districts — a great 
tus has been given to manufacturing work, 
genera], cheap electrical power is proving itself 
to be a groat factor in industrial progress. 

SILVANUS P. THOMPSON 
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As already stated, the 
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Rotary Adjustment Bent and Flat Fin^^er Attitudes. 

Toneless Exercise. Wrist Movements. Scale Playing 

POSITION OF THE HANDS 

have dealt chiefly with the condition of Bent and Flat Finger Attitudes. 
^ fingers and hand/ and little with the For brilliant, clean-cnt tone, if we play 

secondary consideration of position ; but an the keys from a little distance, the (/^ 

interesting question of position arises out of this fingers should Ik? bent, as shown in this 

rotary condition. When the little finger bears diagram. For sympathetic, elinging tone, 

up against' the forearm rotation its knuckle is the fingers in moving towards the 

brought well up to the level of the hand, or may k(iy should be left rather straighter, 

even bo higher than that of the index finger. as in the lower of these two diagrams. ^ 

The position of the back of the hand is conse- These two contrasted “ finger attitudes ” are 
quently level, and even forms a slight slope from not only both legitimate, but are essential to 
the fifth-finger knuckle downwards towards the truly artistic, varied, contrasted technique, and 

thumb. The opposite state of affairs is a wo must practise both forms. In using the 

common fault with beginners ; they arc apt to “ bent finger,” the nail- 

let the back of the hand slope very much down joint moves up and down 

towards the outside. But let us beware of in a straight line verti- 
trusting too much to appearances ; right cally with the keys, thus : 

positions are to be secured, and it is not enough and brings the very tip 

that the hand should look like that of a sue- of the finger (close to the 

cessful player. Wo may have the appearance nail) in contact with the key. In “ flat finger ** 

of effective “ rotary adjustment ” without the the nail-joint moves obliquely to the key, and 

reality. brings the soft cushion (opposite to the nail) 

The us6 of the rotary adjustment docs not into key-contact. The chief difference to the 

apply merely to the fifth-finger side of the eye Is that, when the finger is well raised as a 

hand ; it is employed constantly to equalise preliminary, it starts very much curved in the 
(or non-equalise, when necessary) any fingers to “bent,’’ and fully opened out in the “flat.” 
make notes — melodies, for instance — stand out attitude. The “ bent ” requires the knuckle 

at either end of the hand. As this rotary ad- sufficiently high to take the thrust, the 

justment may help, so it may hinder, when “ flat ” admits a very low or very high wrist, 
applied in the wrong direction. Bo careful not Arm«weight Tendencies. The bent- 
to allow any rotary action of the forearm to finger attitude may be called the “ thrusting ” 
keep energy auxiy from the side of the hand attitude, the flat-finger attitude the “ clinging ** 
where it is required. one. With the bent finger the weight of the 

Finger Lifting. We have seen that the arm tends slightly forward ; this should be only 

finger must make careful contact with the key, an inward muscular tendency, there is no 

or rest on it, before moving it, but it need not outward visible movement, and in brilliant 
be cramped by being glued to the key, as it finger work we should never forget this “ for- 
were, all the time. It may be swung up a ward tending ” arm — it makes one’s playing feel 
little, provided always that when it renews as easy as running downhill. With the flat 
contact with the key it judges its resistance finger, on the contrary, “ the arm tends to fall 
before and during key depression. This judging backward,” but Ave must be careful not to 
can be done so quickly that it seems like a con- fud the elbow backward instead. 
tinuouB movement. Bent and Flat Finger Touches. The 

The key moves such a small distance (only “ forward ” bent-finger playing favours sudden 
i in.) that the fingers are apt to get cramped by key-movement, which induces brilliant, short 
such slight movement ; hence, it is customary tone ; the “ clinging ” flati^finger attitude, with 
to advise— most teachers, indeed, specially its backward tending arm, favours gradual key- 
insist upon — an upward movement of the movement, which induces sympathetic singing 
fingers, when there is time for it, before tone. 

taking hold of the key to move it. Such move- “ The anticipated fall of the upper arm causes 
ment is not essential to tone production, but is one to use the finger in the clinging or ‘ grabbing * 
healthy for the muscles. It makes for freedom way, while the consciousness of the forward 
of action, and enables us better to “ think the sustained elbow causes one to use the fingers 
fingers,” provided that there is no stiffness in in a kind of stamping or thrusting action.” 
the upward movement or following down [Matthay] For brilliant work, then, see to 
movement, and provided that we do not allow it that we sustain /-he weight of the elbow 
our attention to be distracted from the following forward, and that for beautiful singing tone 
finger descent.' All such movements towards the we allow it rather to tend to lapse backward, 
keys, indeed, whether of finger, hand, or arm. It is thia flat-finger clinging attitude that we 
should be rather passive than active. must use in playing a great deal of Chopin s 

THEORY « PRACTICE OF ALL MUSICAL INSTRUMENTS, ELOCUffON, & SINGING 
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music. Chopin himself often used this form of 
technique, and consequently pianists who may 
have been drilled entirely in the bent-finger 
school do not succeed in playing the master 
unless they either forget the tyranny of their 
method or ignore it. 

Faulty Technique. We must consider 
all these things even at this early stage, although 
we may not be able to realise them till much 
later in our study. If we are not getting 
along easily with quick, brilliant passages, for 
example, it is either because we are key-bed 
squeezing, or because wo are opposing the acting 
muscles by the sympathetic activity of the 
opposite set of muscles, which ought to remain 
passive, thus setting up obstacles to successful 
and easy playing within our own hand and arm ; 
or. again, because we arc trying to play a 
brilliant passage with a backward hanging 
arn^, instead of keeping all the weight well 
forward, which would cause the fingers to feel 
as though they were running downhill. 

On the other hand, when trying to play a 
long-drawn-out melody we shall fail unless wo 
let the whole arm relax before and while we 
move the key, and let the “ clinging ” attitude 
(with flatter finger) feel as though, “in climbing 
a stair, the hand, gently resting on the banister, 
helped to pull us upstairs.” 

Finger«condition Teat. We have 
had a toneless exercise at the keyboard for daily 
testing the relaxed condition of the “ up ” muscles 
of the hand ; here is one for testing the same 
with regard to the fingers. Rest on the keys 
as before, without depressing them, and, with a 
forward movement of forearm, push the hand 
gently towards the black keys (the wrist here 
moves on one plane, and does not, as in the 
former example, rise and fall), rolling the 
fingers up and, as it were, pa.ssing them by. 
This forms the second part of the first of 
Matt hay’s throe chief muscular tests. 

If the “ up ” muscles of the fingers arc relaxed, 
the tips will remain in their places, while all the 
joints will give way, and allow the fingers to bo 
rolled up into an exaggerated bend on the keys, 
as though they were about to take the shape of 
a closed fist. The gentle resting weight must 
be felt continuously on the keys. If the “ up ” 
muscles were not relaxed, the fingers would 
“ lock ” the knuckles of their little joints, as the 
hand can lock its big knuckle, which we call the 
wrist. In such a locked condition the finger- 
tips would slide to and fro on the slippery ivories, 
and be in a totally unfit condition for successful 
playing. Wo must bo constantly testing them 
for this. The student should write out these 
“ daily tests ** and playing maxims on a card, 
and keep them before him during practice. 

In both of these silent keyboard tests, the 
finger-tips retain their places on the keys. In 
the first, the wrist rises and falls ; in the second, 
it moves to and fro towards the ebonies and 
back again in the one plane. «. 

There are two other “ tests ” which have to be 
considered — the test against down -arm force 
and the tone-aiming test ; one to ensure the arm 
being only as a weight reaerwir^ so to speak, 

1 ^ ^ / 


and the other for the practice of precise aiming 
— aiming of the tone-making spfirt, the added 
impetus that is used between two ** restings.” 

Arm Force Elimination Test. For 
the first, at the end of a short run or arpeggio 
we are to let the arm rebound from the keys. 
If the last note be played forte e marcato, the 
arm will seem to be “ kicked off if, on the 
other hand, the final note bo soft, the arm will 
appear to be “ floated off.” In either case the 
movement must be of the nature of a rebound, 
•absolutely unwilled and staccatissimo ; it must 
not, in its initial stage, bo a willed action, “ it 
must seem as if the key, in its rebound, impelled 
the arm upwards.” 

The next test is an “ aiming ” exercise. We 
have seen that finger and hand down muscles are 
used to bear up against relaxed and loosely left 
weight of the arm in the third species of touch ; 
and as this weight is to be used only during the 
short spurts of hammer-driving, ana not during 
the longer or shorter terms of damper-controlling, 
we must learn so to aim this arm- weight lapse 
that it shall take place neither too soon nor too 
late, nor remain in operation too long. 

Aiming Test. The “ aiming test,” then, 
may take this form. Rest on the keys, say, on 
an easy chord ; see-saw them gently down and 
up several times (tonelessly) ; after that, let 
them move down to tone, and let them rebound^ 
the fingers never losing their hold of the keys, and 
the wrist, which is relaxed at the moment of 
making the tone, then being dropped below key- 
board level. 

If the student wishes for a detailed descrip- 
tion of all these “ muscular tests,” which are 
taken from Matthay’s “ Act of Touch,” refer- 
ence must be made to the book itself, or to the 
condensed edition, “ First Principles of Piano- 
forte Playing,” or, better still, to his “ Relaxation 
Studies.” 

Wo now come to tho question of ” getting 
about ” over the keyboard — a difficult one, as 
wo have but ten fingers for 88 keys. We have 
tried only the five-finger position, five fingers 
on five contiguous ivories. Now let us try 
to sound widely spaced notes, thus : 



Lateral Wrist Movement. To reach 
tShem, we must not try to depend upon a stretch- 
ing of tho fingers and hand ; wo must use also 
a side to side movement of the wrist to bring each 
finger in succession over its keys. This lateral 
movement must be as free andL unopposed as the 
vertical wrist movement. 

Resting gently with forefinger on A'’, glide the 
wrist end of hand and forearm gently to the 
left. Place the thumb on C, then, after sound- 
ing the note, move back , again towards tho 
right, continuing the movement till we can 
easily place the Tittle finger on £17. • 

All arpeggio chords must be played thus, and 
to attempt to do so by merely stretching the 
fingers is apt, in such cases, to defeat its own 
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objeat. The hand and arm, with supple lateral 
wrist movement, must place the fingers on their 
respective keys. . 

Preparing a Note. Wo must remember 
here," and always, Czerny’s advice in his Letters 
to a Young Lady,” written 100 years ago : 
“ Never attempt to play a note till the finger is 
over its key.” This is called “ preparing” a note. 
But the vital point in “ preparation ” is not 
the position of finger and hand over the key, but 
rather the condition. If the principle of resting 
is properly carried out, this preparation of the 
next note will take place almost automatically. 
“ Each of the keys forming a passage,” says 
Matthay, “ must be conceived not as a separate 
unit, but each key’s position must bo conceived 
and found at a particular distance from each 
preceding key or keys.''' The finger being over 
and even on each key, energy must be applied 
to it vertically. 

Wrist Movements. We have now been 
introduced to the three kinds of wrist movement 
and condition — laz., (1) vertical (up and down) 
freedom and movement of the joint between 
hand and forearm ; (2) rotary freedom of the 
same, enabling us to turn hand palm ypwards, 
or vice versa, and to adjust the rotary weight; 
and, lastly, this (.3) lateral freedom — unopposed 
movement from side to side. There are no stiff 
wrists in normal arms — the stiffness is entirely 
of our own making. If the wrists prove stiff in 
any direction, we are using two opposite sets of 
muscles at once, instead of relaxing one sot 
while the other is at work. “If we always 
insist on feeling ready and vertical over each 
note before attempting its production, we shall 
fulfil the three conditions of freedom of the wrist 
— laterally, rotarily, and vertically. While try- 
ing for it, we must not be too anxious — mental 
anxiety often induces muscular rigidity — but we 
must be attentive. We must watch our sensa- 
tions, and try to remember and easily recall them 
when wanted. 

The lateral movement can take another 
form. Instead of pivoting the finger-tip end 
of hand, and moving the wrist end from 'side 
to side, we must also be able to let the wrist 
end remain motionless while moving the finger- 
tip end from side to side, with the thumb as a 
pivot, thus : 

1 


2 




take 


five- 


The study of these two forms of lateral move- 
ment brings us naturally to arpeggio and scale 
playing. 

Scale Playing. 

finger position thus : 
but let the hand lie 
obliquely over the 
keys, turned slightly 
in the direction of ^ 

the arrow, and when we arrive at the thumb 
pwB the hand laterally over it, till the 
middle finger lies on E. Then, releasing the 
thumb from its under-hand pivoting, pass it 



along the keys leftward, preparing thus the two 
remaining notes, 1) and C. In scale passages 
the hand always lies thus slightly obliquely to 
the keys. “ The scale, owing to the required 
passage of the thumb sideways, demands a 
slightly outwardly turned wrist, or inwardly 
pointing hand and fingers, as the normal posi- 
tion.” [Matthay] 

Study the scale at first in the manner given 
here, each hand separately. 



^ Scale of C. Scalt^ of G. 







Scale of B. 








Scale of FjJ. 




Scale of CJf. 

N.B. — Eacli sharp as it is introduced is to be 
in force till the end of the exercise. 

w 

L.H. 1 



N.B. —Scales of 
C and F alike ; 
scales of Bl7, Eb, 
Soale oTG b. A ^ , and 1) b al ike. 

Scale of G like all five - black - note scales ; 

2 .'i 4 y .J 

1 1 1 1 1 

4 a 2 a 2 
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Some Simple Chemical Tests for Textiles. 

Methods of Determining Colour-fastness. 

TESTING FIBRES AND FABRICS 


T he nnoroscopc ailords iho only moans of dis- 
tinguishing finally between fibres of eortain 
sorts, but it is not the only apparatus in use to 
determine the nature of raw matcriaLs or of tex- 
tile goods. For some purposes chemical tests 
are preferable to microscopical ones, and for 
other purposes no apparatus is required at all. 

It is scarcely practicable to set down all that 
may be learned from experience and the use 
of the senses, although an idea may be given of 
what is possible to the observant eye and the 
experienced touch. A fully skilled man, on 
touching a piece of wool, knows not only that it 
is wool, and nothing else, but is also able to 
announce its quality or spinning number at once. 
Persons engaged, for example, in rag-sorting 
determine the presence of cotton in woollen 
fabrics as though by instinct. Hags containing 
cottons are, for one thing, usually rather harder 
and colder to the touch. Linen, again, is colder 
to the hand than cotton, and a hand practised in 
liandling both appreciates the difference in- 
stant-aneously. Threads of linen are normally 
more irregular than cotton ones, and the presence 
of thick places in the woven fabric may betray 
linen to the eye. Artificial silk ])roclaims itself 
different from the natural article both by <;old- 
ness to the touch and by a metallic lustre foreign 
to real silk. Spun silk presents visible differences 
from net silk that are quickly dctectc’d. 

To Tell Animal from Vegetable Fibre. 

The comparative method of examination is the 
most immediately useful of any, but in the nature 
of things the lessons can only be learnt by con- 
tact with the articles themselves, and by the 
exercise of the powers of observation. The most 
that can be done by instruction is to give some 
means of sett ing at rest doubts as to tlu^ identity 
of fibres. Th<? methods most in use arc simple, 
and the commonest aid of any is a lucifer match. 

By watching how a fibre burns it is easy to tell 
whether the material is of animal or vegetable 
origin. In dealing with a fabric it is best to 
detach some threads, and to test both warp 
threads and weft threads by holding out a short 
length with one hand, and api)lying a flame to the 
end of the thread with the other. If the thread 
burns freely with a bright, luminous flame which 
travels along and leaves little ash, the vegetable 
origin of the fibre can be accepted as a fact. 
If the flame shows little disposition to travel, if 
the thread swells and chars, and the ash forms 
itself into a knob, the material is certainly animal ; 
in other words, it is either wool or silk, and its 
general characteristics %,re probably marked 
enough to determine which of these two it really 
is. Mistake between wool and silk is improbable, 
but, of the two, in being burnt, wool gives off 
the more pungently ammoniacal smell. 


The combustion test gives a clear demarcation 
between threads of all-cotton or all-vegetable 
fibre, and threads of all-wool, but is not quite so 
conclusive when animal and vegetable fibres are 
mixed in the one thread. When a woollen thread 
— extracted, for example, from the warp of a 
blanket — t(*nds to burn rather freely, an 
admixture of cotton in some considerable propor- 
tion may be suspected, and a chemical test will 
set the point beyond dispute. Instead of re- 
sorting to chemistry the yarn may be unravelled, 
and a flame applied to individual fibres in suc- 
cession will show which of them are vegetable and 
which arc not. Cotton is easier to distinguish 
in some mixtures than others, and no especial 
skill or experience is needed to note the diflerence 
in the fineness and in the curl of the fibre, or the 
manner in whiidi the cotton filaments break when 
th(‘ir ends arii pulled. 

Distinguishing Cotton from Wool. 

Cotton is by very much the moat likely vegetable 
fibre to bo found in intermixture with wool, and its 
identity can always be jiroved by use of the 
microsco])e if absolute ci^rtainty is required. 
In praiitice, the identity can almost always be 
assumed, and the point of most importance is to 
establish the proportion of wool present in the 
mixed yam or fabric. The wool constituent can 
bo destroyed by boiling the sample for 16 
minutes in a 10 per cent, solution of caustic soda 
or potash, an operation which is accompanied 
by an offensive odour, prineipally of sulphuretted 
hydrogen. The vegetable part of the mixture 
remains, and the pr()])ortion of wool originally 
present can be found by comparing the original 
weight with tliat of the washed and dried 
ri'sidue. The strong alkali is not entirely without 
action upon the vegetable fibre, and experiments 
made at the Philadelphia Textile School show 
that a correction of about 3 jier cent, is needed 
to allow for loss of weight in the cotton. 

The converse test is to destroy the cotton 
instead of the wool, a thing that is easily done by 
first saturating the sample in strong sulphuric 
acid, and then baking it dry at a temperature 
from 80’ to 100° C., until the cotton is reduced 
to a brown dust. As the acid has a limited action 
also upon the wool it is advisable to calculate 
U£K)n a per cent, loss in its weight. 

Acid Teat for Wood and SilK. Caustic 
alkaline solutions are used to distinguish wool from 
(cotton, but acid is emplojW to separate wool 
from silk in such fabrics as silk and wool hosiery. 
Concentrated hydrochloric acid should be used, 
an acid which has very little effect on wool, 
although it dissolves mulberry silk alnio'^t 
immediately. Tussah silk, however, is not dis- 
solved by this reagent, and recourse has to be 
made to other means to isolate this fibre. The 
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hot caustic solution, which dissolves wool in 15 
minutes, dissolves mulberry silk in about 12 
minutes, but takes 50 minutes to destroy tussah. 

We are not necessarily dependent on chemistry 
to distinguish between the white or yellow 
mulberry silk and the coarser, stronger, and 
harsher brown tussah ; but unless the difference 
in their solubility is noticed some misconception 
may arise. As it is used mainly for plushes in 
conjunction with cotton, tussah or wild silk 
is not generally found intermixed with wool. 

Wet Test for Real and Artificial Silk. 

Confusion is most likely to arise between silk and 
the artificial silks, but very simple tests serve 
ko di^inguish one from the other. Substantially 
no difference is made to the strength of real silk 
by giving it a wetting. If a strand of artifieJal 
silk is wetted upon the tongue or by other 
means, and if its strength when wet is compared 
with that of a similar thread dry, the wetted 
sample will be found to be weakened materially. 
Wo have seen that real silk, when touched with a 
flame, swells and does not burn. Artificial silk, 
however, behaves like cotton, and is consumed 
freely, leaving little ash. 

Combustion Test for Weighted Silk. 
It is frequently desirable to distinguish weighted 
from unweighted silk, as there is a substantial 
difference in the value of silk pure and of silk 
increased tjiree or four times in weight by the iron 
and tin salts apj)licd by the silk-dyer. The 
experiment is readily made with a match. 
hi burning, threads of weighted silk do not 
swell freely, and they leave an ash containing 
metallic salts behind, much the shape and size 
of the unbumt fibre. The mat(?h should be ap}>lied 
again and again to this ash, when it will be 
found that the metal becomes red-hot, and 
glows like a length of fine iron wire heated by the 
same means. The ash can be heated to redness 
and cooled repeatedly. 

How Cotton is Detected. The mercerised 
cotton, which is sometimes mistak(*n for silk by 
reason of its brightness, bums in the same way 
a'-i non- mercerised cotton, and a test by buniing 
dispenses with the hot cau.stic soda solution, 
unless it is necessary to separate the silk and the 
cotton contained in a mixed fabric. 

Microscopy gives the best means of distin- 
guishing between any two vegetable fibres, and 
in a degree all chemical tests are unreliable, as 
the cellulose of which the fibres are composed 
is approximately the same. It is possible, 
however, to draw certain deductions without the 
microscope in cases which often present them- 
selves. The question whether a fibre of vegetable 
origin is cotton or flax may possibly be decided 
by measurement, as flax fibres attain much 
greater- lengths tlian any cotton. Another way 
to decide l^tween them is to dye samples in an 
Alcoholic infusion of cochineal (1 gramme ground 
cochineal insects in 50 c.c. of alcohol, filtered). 
This dye turns wool and silk scarlet, and colours 
linen to a deeper shade of red than cotton, which 
it dyes only to a pale red or yellow. The test 
is not quite conclusive in itself, but its result is 
strong enough to lend assumption some support 
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If a sample is dropped into strong, cold sul- 
phuric acid a black mixture will result if the 
fibre bo flax or hemp, whereas cotton will dis- 
integrate gradually without coloration. 

In its most familiar form the question becomes 
one of whether in a given fabric all the threads 
are linen. (Cotton is chca}X3r than linen, and is 
thus a possible .\dulterant, and largo numbers of 
shopkeepers have been fined for selling union 
linen as i)ure linen. An opinion can bo formed 
by tearing a sample of the fabric. Linen is 
stronger f han cotton, and if the cloth is very 
perceptibly stronger along one set of threads 
than along the opposite set, a suspicion that one- 
half the cloth is cotton is set up. Practised 
persons recognise a differiaice between the 
sound caused in tearing linen sharply and that 
made in tearing cotton. 

Dantzer*8 and Other Tests for Linen. 

Linen contains more resinous matter than 
cotton, and burns with a hotter flame. In 
Dantzer’s test a square sample is cut from the 
fabric, and threads are detached all round the 
edges, so that the warp and the weft yarns form 
a fringe. The fringe is touched with a match, 
and it is frc^qucntly found that, whereas the 
flame from the linen thread is fierce enough to 
set fire to the body of the sample, that from the 
cotton threads is not, and the fire dies out at the 
edge of the woven cloth. This test is not an 
absolute one, but it is easy to conduct. 

Another simple test is carried out with a blot 
of ink. Linen is by naturcj more absorbent 
than cotton, and a spot of ink upon a pnro linen 
fabric spreads m all directions with approximate 
equality. A similar drof) of ink on a half-linen 
cloth spreads more in thc^ direction of the linen 
thnuids than the cotton ones. 'Plio blot forms 
an oval, with its greatest diarm‘t(T in the direction 
of the linen. The results obtairu‘d vary some- 
what with the capillarity of the cotton yarn, but 
the .suptTior absorbency of linen is well marked. 
A little more trouble is required to conduct 
Frankenstein’s test with oil. The sample taken 
should first be boiled in weak washing-soda to 
remove finishing materials, and, when dried, 
8])read upon glass and saturated with oil. The 
cotton threads app(;ar opaque and white when 
the glass is held between the observer and the 
light, and the linen threads appear translucent. 

Various Fibres. As hemp is used only for 
rough purposes, necessity to distinguish betwecai 
it and fine linen does not arise. The fact that 
for an equal diameter it has about twice the 
strength of linen affords one clue to its identifica- 
tion in canvases, although the microscope must 
always be relied on for proof. Ramie is seldom 
met in woven fabrics, and is more likely to be 
confused with linen tlian with cotton. Its 
greater inflammability is one distinction, and 
that, with the ease with which a length of yam 
may be snapped after a knot has b(^cn tied on 
it, compare^ with the great strength of the same 
yam when tested without a knot, is perhaps 
the handiest moans of forming a first impression 
which the use of the microscope will either 
confirm or destroy. 
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Testing Facilities. The simple tests that 
can be made without elaborate apparatus may 
be all that arc required for a student’s satisfac- 
tion, but they cannot be relied on to carry con- 
viction to third parties in the event of a com- 
mercial dispute. In such circumstances it is 
customary to relegate the whole question to 
independent experts upon whoso good judgment 
reliance can bo placed. There are individual 
chemists and consultants with- reputations for 
this class of investigation, and also public in- 
stitutions from which certificates of the results 
of tests may be obtained. The Bradford Con- 
ditioning House, owned and worked by the 
municipality, is one of these, and the Testing 
House of the CUiamber of Commerce, Manchester, 
is another. Their services are at the disposal 
of all-comers in return for small fees, and arc 
sought by persons in all ])arts of the w'orld. 

Testing may be distinguished into two stages— 
elementary and advanced, the former requiring no 
more than a recognition of the article examined, 
and the latter a more technical one, demanding 
greater accuracy and taking account of a larger 
number of points. The one is useful to all who 
buy or deal with textiles in any capacity, and 
the other is a matt(T principally for technical 
experts. Some simple tests useful in solving 
questions of common interest follow. 

When Hosiery is Unshrinkable. It is 

not practicable, without putting the fabric to 
prolonged tests of soaping, washing, and wearing, 
to determine whether a piece of hosiery is un- 
shrinkable or not. It is possible, however, to tell 
by elementary observations whether a wool 
undergarment has been subjected to the process 
of chlorination, whereby these garments aro 
made “ unshrinkable.” In the finishing ()roce88 
of manufacture, the goods are subjected in water 
to the action of the gas chlorine, liberated from 
bleaching powder by the action of acid. The 
treatment, if carried on long enough, would 
destroy the wool, but it is stopped at the stage 
at which the felting ])rop(*rties of the wool fibre 
have been undermined by the removal of its 
minute scales. The process has certain other 
effects, and a drop of water allowed to fall upon 
a pi(‘ce of chlorinated fabric is more quickly 
absorbed than by unchlorinated wool. Again, 
the spot of water widcuis equally in all directions, 
forming a circle, whereas upon untreated wool 
it spreads more irregularly as well as inortJ 
slowly. When the fai)ric has been wetted, and 
the two surfaces of it are rubbed together 
between the finger-tips, a crispness is noticed 
that is not present in untreated goods. A more 
characteristic difference is that when a dry 
chlorinated wool fabric is rubbed against a dry 
unehlorinated piece of wool cloth electricity is 
generated, in favourable circumstances electric 
sparks can be seen, or tlfc presence of smaller 
charges of electricity can be established by the 
use of the gold-leaf electroscope. 

The Fastness of Colours. The question 
whether the colour to which a cloth has been 
dyed is “ fast ” is one which offers room for mis- 
oonstruction. The term is used loosely to cover 
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a variety of meanings, including fastness to rub- ^ 
bing, fastness to washing, or to light and other 
influences. At best the term can only have a 
relative moaning, and is to be considered in the 
light of the use to which the fabric is to be put 
and the time that it can be expected to wear. A 
higher standard is necessarily demanded in 
articles like carpets and hangings than in 
garments that will be soon worn out. 

A colour may bo said to be fast to rubbing 
when no tinge is give to a piece of unsized 
cotton cloth or a piece of suitable white paper. 
The fabric is laid upon a smooth surface, and 
scrubbed with the tell-tale white object by hand. 

Tests for Fastness to Washing. 

Fastness to washing is an ambiguous term, 
unless reference is made lo the character of soap 
used, and to the huigtli and number of the 
washing operations. A mild test for the fastness 
of washing colours is to boil the sample for 
twenty minutes in a 1 per cent, solution of a 
perfectly neutral soap. A more severe one is 
to boil the sample for the same time in a soa]) 
solution of the same strength, with .J per cent, of 
washing-soda added. The sample is twisted 
and wrung afterwards between white calico, and 
note is made if the colour hleeda or stains the calico 
cloth. The tests are applicable to coloured 
cloths intended to be washed, and they may 
bo repeated indefinitely. 

Goods like blue wool serges, not made to bo 
washed, but liable to contact with mud and 
alkalies, are deemed absolutely fast against such 
enemies if the colour will stand boiling for five 
minutes in a solution of washing-soda, of a 
strength of one handful to a quart. 

Colours are called fast against perspiration 
if they are unaffected by successive dips into a 
solution of about 2 per cent, of acetic acid, 
the sample being dried, but not rinsed, between 
the dippings. 

Sunlight Test for Fastness. Fastness 
in these respects is more or less independent 
of the equally important matter of fastness 
to sunlight. The conclusive test is exposure 
to the sun for an appropriate length of time. 
Manufacturers of high-class woollens and 
worsteds require that their colours shall stand 
exposure for a year without serious alteration. 
Samples of the cloths to be tested are cut and 
folded. Half the sample is protected from the 
light by folding it in paper, and the sample is 
exposed preferably in the open and at a south 
asjK'ct for one year. 

Colours, on the whole, are faster to light when 
dyed upon wool than upon cotton, and a much 
shorter time suffices to test Jight fancy shades 
than deep colours. Patterns (3 these are exposed 
in the manner described, and examined daily. 
Large dyers have their own means of testing 
the fading of colours with powerful artificial light, 
and are able by experience to judge of tht3 
permanence of the shade by noting how soon the 
first sign of fading occurs. No colours are 
imperishably fast to light, and in goods liko 
carpets the several colours used must all fade in 
one ratio and to similar extents. 



The Strength of Fabrics. Exact teats 
of the comparative strength of fabrics require 
the use of apparatus such as is kept in testing 
lalx)ratories. A sample of standard size is taken 
and clamped between jaws. Strain is applied by 
turning a handle until the sample breaks, and 
tbo breaking-strain is read upon a dial. In 
testing the strength of cloth by hand, judgment 
should bo formed not by tearing but by break- 
ing, or endeavouring to break the sample. The 
correct method is to take hold of the cloth 
between the thumbs and forefingers of both 
hands. The fists should be closed, and the test 
should be made by pressing the thumbs closely 
together, while drawing apart the two sets of 
knuckles beneath. The thumbs are laid closely 
together, and the straining point is immediately 
between them. The effort should be made in 
two directions, to test both the warp and the 
weft threads, and the sample that cannot be 
broken by these means is regarded as strong 
enough for the regular purposes of wear in 
suits. It may be found upon making the test 
that in some cloths the threads slip away from 
each other under the strain, and that in some 
others the pressure causes stretching. In either 
event, the information is of use in displaying the 
nature of the fabric, and the steady strain 
brought gradually to bear by thumb pressure 
gives a much safer index to strength than tear- 
ing motions made with varying suddenness and 
violence. Tensile strength is not identical with 
durability, and all-round wearing properties 
cannot be estimated purely from breaking strains. 

The Counting of Threads. A little 
instrument that is almost indispensable in 
forming opinions as to the comparative values 
of similar cloths can be bought for a trifle from 
any optician. In some catalogues it is described 
as a linen prover, but is known also as a cloth 
or piece glass. A magnifying lens is mounttd 
upon a hinged frame of metal, which folds into 
small compass for carrying in the pocket. The 
upright of the frame is pierced in order not to 
exclude light, and the foot of the frame is pierced 
also with a square or oblong opening, • The 
instruments are made in various sizes, with 
openings of J, J or 1 inch. The figure shows an 
improved type of glass in which all these several 
distances are combined in the form of a cross. 
In the cheaper qualities the apertures are by 
no means absolutely exact in measurement. 

The purpose of the gloss is to facilitate the 
counting of the threads present within a given 
space. The quarter-inch space is used (from 
motives of convenience) in counting cloths 
woven with a largo number of threads, but a 
superior degree of accuracy can bo had by 
counting the threads in a full inch. The glasses 
i are of very little use in counting heavily milled or 
* felted fabrics in which the thread structure is 
obscured by the nap or cover upon the surface 
of the cloth. On the other hand, they are 
invaluable in dealing with goods in which the 
interlacing of the threads can be seen, and some- 
times they mye the only ready means of deter- 
mining whiim^of two samples is the better value 
at the price. Other things being equal, that 
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sample is best which contains the greater number 
of threads within a given measurement. 

As an error of one thread in a quarter-inch 
means four threjids to the full inch, a systematic 
procedure should be followed in making the 
count. The usual method is to count every thread 
that can be seen through the glass, oven if it is 
impossible to sec more than one side of it. In 
the Manchester Testing House the glass is placed 
in such a position that the edge of one thread 
can just be seen, and this is counted as the first 
thread in the inch. The threads are all counted, 
and from the total thus found one thread is 
subtractetl. Cloths an^ counted warp-wise and 
weft- wise, and immonsij quantities of cottons are 
bought and sold in accordance with the reed 
and pick thus determined. As small differences 
may exist in different parts of the same piece, 
the Testing House authorities prefer to take the 
average of ten tests in each direction, made 



balance of proved accuracy is availablt: for 
weighing small ones. Dies or tem])lates can 
bo bought with which it is possibles to punch 
out a sample one jnch square? which, weighed 
upon a balance? of sufficient delicacy, will 
enable tlu? weight per sc^uare yard or running 
yard to be ap})roxi mated. Cj! ranting the per- 
fect accuracy of the die, it is not easy to cut 
a sample with the high pitch of cleanness 
desirable when any error will be multiplied 
more than one thousand-fold in the ultimate 
result. Moreover, the small sample chosen may 
vary from the average weight of the bulk. 

Given the weight of woven goods and the 
number of warp and weft threads in an inch, 
all the materials arc present for determining the 
average count of the yarns used in weaving. 
We have seen that the count of yarn registers 
the relation of weight to length, and that fine 
yarns of the same class are more valuable than 
coarse ones. The two factors, therefore, of 
threads per inch and ounces per yard need to 
be considered togeth(?r in valuing two samples 
of similar cloth, one against another. When the 
weight is the same, and the threads in one are 
more numerous than those in the other, the 
constituent ‘yarns are necessarily finer. If the 
difference in quality is made by using more 
threads of the same fineness, then the truth is 
necessarily shown up by the comparison of 
weight. J. A. HUNTER 
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FINDING THE DISTANCES OF THE STARS . 
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^ TKe actual position of 
' TAR X 




If we look at one of the nearer stars on January i, and again on June 30. it appears to have cliaugod its pusitiuu 
in relation to more distant stars. This is due to the earth being on opposite sides of its orbit. The greatest appan iit 
displacement of the star thus viewed is called its parallax. In the left-hand diagram the star X, when viewo i 
from the earth in June, appears at b In relation to the more distant stars 1 and 2, which have practically n ' 
parallay, tut in January it appears at a. The projection which the major axis of the apparent ellipse performed m> 
the Bt*r X hears to the diameter of the earth's orhit enables astronomers to calculate the distance of the star, 
right-hand diagram shears the smaller parallax resulting from the more distant star Y. 
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The Ma^qitiide and Motions of Stars 
The Journey^ of Starlight to the Earth 

THE FIXED STARS 


W E . have next to study the nature and 
constitution of the so-called fixed 
stars. Our sun is a body of the same kind 
as the stars, of which about 3000 are visible 
to the naked eye in our hemisphere, and 
many pf which are, in reality, far larger 
and brighter than our lumiri^y. Yet 
their vast distances make them appear 
only sparkling points of light — for no. 
telescope that man is ever likely to make 
can be expected to reveal the physical 
features of any of the fixed stars. The 
spectroscope, however, has told us nearly 
as much about their chemical construction 
as about that of the sun, and the telescope 
and spectroscope, with the gravitational 
theory, have revealed the most wonderful 
faefs about their movements. 

The fixed stars are arranged for conven- 
ience in certain groups or constellations, 
of which about eighty-six are recognised. 
Most of these constellations date from times 
when the heroes and totems of early civilis- 
ations were placed in the sky by a race 
living in the Euphrates Valley ; many of 
them were afterwards modified to suit 
Greek mythology. The particular stars of 
each constellation are denoted by the 
Greek letters of the alphabet/ Alpha, Beta, 
Gamma, arid so on, beginning with the 
brightest. Where it is necessary in tele- 
scopic work to. deal with a great variety of 
stars, they are given numbers or indicated 
by their place in some catalogue of stars. 
The. brightest of the stars have also names 
of their own, like Sirius and Aldebaran. 

The stars are classified according to 
their brightness in a series of magnitudes. 
On the original and rather rough scale, a 
star of any given magnitude is about. two 
and a half times brighter than the average 
star of the magnitude immediately below 
it. There are twenty stars of the first 
magnitude, which differ greatly in bright- 
ness. Sirius is iriore than fourteen times 
as . bright , as Jiegulus, but both stars are 
of the .'first magnitude. Stars of the 
sixth magnitude are the faintest normally 
visible to the" naked eye. The more exact, 
photometric methods of modern astro- 
nomers have led to more exact classifi- 


cation by tenths, and even hundredths of 
magnitudes, and in the case of the brightest 
star a negative magnitude has been intro-‘ 
duced; thus Sirius, the most brilliant of 
the fixed stars, is said to be of magnitude 
— 1*58. A typical first-magnitude star is 
Betelgeux, in Orion. The stellar magnitude 
of the sun on this scale is about— 26. 

The prime fact about the fixed stars Ls 
that they are all situated at gigantic 
distances from the sun and from one 
another. For a long time the strongest 
objection to the theory of Copernicus was 
that if the earth really changed its place 
by an annual translation of more than 
1^,000,000 miles, the stars would have 
an altogether different appearance in per- 
spective when the earth was at opposite 
ends of its orbit. The truth is that some 
of them do look differently to tls at 
intervals of half a year, but the diameter 
of the earth’s orbit is so tiny in comparison 
with the distance of the nearest star that 
any change in the apparent configuration 
of the stars caused by our motion from 
end to end of it is quite imperceptible tp 
the naked eye, and can only be measured 
by the most accurate observations with 
powerful telescopes. 

Some of the stars thus display an annual 
parallax, or show a slight difference in 
direction, according to which end of the 
earth’s orbit we are looking from. The 
annual parallax of a star is, as already 
explained, equal to the angle which would 
be subtended at that star by twice the 
distance between the earth and the sun. 
But there is no star in whose case this 
parallax would amount to as much as a 
single second of arc. As Miss Clerke puts 
it, the annual shift of no known star 
amounts to so much as the width of a 
sixpence held up at Charing Cross and seen 
by an observer stationed at Stanhope 
Gate or Millbank. 

The grej^t difficulty of measuring quanti- 
ties of this> nature fa obvious. The most 
delicate instruments and tlie most refined 
handling are necessary for tackling the 
problem. Yet it has becnsucce.ssfullysolved 
in the case of a fair number of stars. 
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Stellar distances, as will be seen, are so 
gigantic that we are forced to measure them in 
terms of some different unit from that ordinarily 
used in computing distances. The nearest star 
is 275,000 times as far away as the earth is from 
the sun. Even this distance, if set forth in miles, 
would be quite unrealisable. To measure the 
distance of a star in terms of its parallax, though 
IKU-fectly convenient for astronomers, has two 
objections for popular use, because the distance 
vari(^s inversely as the parallax, and the latter has 
always to be expressed in small fractions of a 
second. Consequently, the unit which has been 
generally adopted for expressing the distances of 
the fixed stars is that known as the light^yem. 
This is the distance over which light would 
travel in a year. 

This distance can bo comput(‘d in miles by 
multiplying the number of seconds in a year by 
the speed of light — namely, 186,330 miles yier 
second. It is more useful to know that the light- 
year is 63,243 timers the mean distance of the earth 
from the sun, over wliich light passes in 449 
seconds. Thus the light-year is to the distance 
of the earth from the sun almost exactly as a 
mile is to an inch. A star with a parallax of one 
second is at a distance of 3*26 light-years from 
the earth. To find the distance of any star fiom 
its parallax we can use the simple formula 
d ~ where d is the distance in light-years 
and p is the parallax in seconds. The nearest 
of all stars is the brightest star of the constella- 
tion of the Centaur, Alpha Centauri, which has 
a parallax of 0*70 seconds, and is consequently 
at a distance of 4*3 light-years from the sun. 

The Scale of the Universe. Let us 
try to get a rough practical idea of what this 
means. Suppose we are making a ino<lel of the 
solar system and the stars. Let us start by taking 
a swan-shot J in. in diameter to represent the 
sun. The earth will be represented by a tiny 
speck of dust 1 ft. distant from the central 
globe. The suyierior planets come at distances 
varying from 6 ft. in the case of Juj)iter to 30 ft. 
in the case of Neptune, the outermost planet. 
Some of the periodical planets travel out a good 
deal farther into space — ywrhaps as much as 
200 ft. or 300 ft. But in order to get the ncarc'st 
of the fixed stars into our modt'l, we have to 
travel out for 50 miles before we reach its place 
on the same scale. 

This will give the student some idea of the 
amazing isolation of our system. There is good 
reason to suppose that the average distance of 
the stars from one another is on pretty much the 
same scale. Some of the most consjncuous and 
brilliant stars, such as Canopus, Arcturus, and 
the bright star Rigcl in Orion, liave yielded no 
perceptible parallax, which means that their 
distance can be in no case less than 110 light- 
years. Among the nearcSt stars to the earth arc 
Sirius (8*6 light-years), Procyon (10*9), Fomal- 
haut (23*3), and the Pole Star (44). The deter- 
mination of stellar parallaxes is on% of the most 
difficult tasks an astronomer can undertake. 
Photogriaphy has greatly helped in it, but there 
ai'e littld more than 163 stars whose parallaxes 
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are well determined. These, however, afford a 
scale for judging the size of the universe, and it 
has boon estimated that the smallest stars 
visible in the most powerful modem telescoju; 
may some of them be at such a distance that 
their light would take more than 30,000 years to 
reach the earth — that is, in the model already 
described they would have to be placed farther 
away than the moon. 

How History might be Lived Again. 

We may just remind the readier that this means, 
among other things, that if such a star were to 
be destroyed today by some catastrophe its 
light would continue to shine upon us for 30,000 
years, and only at the end of that period would 
astronomers notice its disappearance. When wo 
look at the star-strewn heavens, wo are really 
gazing hot only into the depths of space, but also 
into tlie dark backward abysm of time. We se(^ 
the moon not as it is now, but as it was a little 
more than a second ago ; the brilliant Dog Star 
shines on us with the radiance which lit it more 
than eight years before tonight. 

Home of the other stars, and those among tlui 
brightest, we see not as they are now, but as they 
were at the time of the Spanish Annada or the 
Norman CJonquest. A French astronomer has 
made a very interesting and perfectly sound 
dc‘duction that a disembodied spirit which was 
able to move instantaneously through space to 
any distance from the earth, and was also able 
to see things clearly through any distance, could 
at will actually see any event which has taken 
place on the earth since the Ix^ginning of its 
history -at least, in the open air and under a 
clear sky — by siin[)ly travelling out to the 
distance to which the light-rays carrying the 
picture of that scene have now advanced. 

The Real Magnitude of the Stars. 
Having grasped the conception of the immense 
distances which separate us from tlie fixed stars, 
w'e are now in a position to see that these stars 
must in reality be gigantic suns. Wherever wc* 
can measure the distance of a bright star, we can 
make a rough calculation of its size by com- 
paring its light with that given by the sun. W(‘ 
see at once that many stars must in reality be 
very much larger and brighter than our sun. 
Hirius, for instance, is at a distance of rather 
more than eight light-years ; if the sun were 
removed to this distance, it would only give 
one- thirty -sixth as much light as Sirius gives, 
and we consequently infer that Sirius is thirty- 
six times as powerful a light-giver as the sun. 
There are, of course, two factors in such a result. 
Hirius may either be very much bigger or very 
much brighter than the sun. shall see directly 
that in many cases we are able to measure not 
only the brightness but the mass of a star. 

Home of the other stars are far larger still. 
Arcturus, which is about 126 light-years away, 
must be at least a thousand times as luminous 
^ the sun. Canopus, the second brightest stnr 
in the sky — never visible in our latitudes — hii'^ 
shown no parallax at all, wherefore it mu^t 
well over 100 light-years away. At that distance 
our sun would shrink to a star of the tentl» 



magnitude, absolutely invisible to the naked eye, 
and it oan bo calculated that Canopus is equal 
to at least 22,000 suns lumped together. No 
doubt many tiny telescopic stars, sunk in infinite 
space, are really still more brilliant arid gigantic 
stars. Our own sun, in short, must be regarded 
as quite a second-rate member of the starry host. 

The Motions of the Stars. Many 
stars not only show the annual shift of a fraction 
of a second which is due to parallax, but also 
change their jx)sition very slightly from year to 
year in consequence of th(‘ir proper motion. 
^riicre are two ways in which this motion can be 
measured. One is by the actqgl displacement of a 
star on the celestial sphere. About a hundred 
stars are now known which thus niovt^ a second 
or more per annum. Such a disf)lac(‘ment is 
perfectly measurable by modern instruments, 
though it only means that in about 2000 years 
such a star would move over a distaneo equal 
to the diameter of the full moon. The star which 
has the greatest ])roper motion yet known moves 
over about eight seconds in the year. It is, 
unfortunately, invisible to the naked eye. If 
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foreshortened projection on the imaginary 
sphere of the heavens. It will be apparent 
that a star wdiich happens to be travelling 
straight toward the earth would not seem to 
be moving at all. But the spectroscope, among 
its numerous aids to astronomers, enables us 
to measure a star’s motion in the line of sight 
with remarkable accuracy. This is in virtue of 
what is know'll as Doppler s jtrincipley W'hieh may 
be brielly explained here. 

Measuring Stellar Velocities. We 
have already s(M‘n that the spectroscope breaks 
up th(‘ light giv(*n by any star into a series of 
lines, each of which has a defined plac<' corre- 
sponding to the gas whi(!h gives lurth to it. 
'J’his is due to the fact that light of any parti(udar 
w'ave-length is r(‘fraet(‘d to a definite extent. 
But suppose that the luminous object is travc'lling 
toward the spectroscope. The result will l;(‘ that 
the light which it emits will reach the spectro- 
! eop(‘ w ith its own s])ee(l plus that of the moving 
bcKly. (V)n}.(*quently, a greater number of light- 
w'av(‘s will reach the prism in a second than w'ould 
be the case if the luminous object were at rest. 



CASTOR, THR BRIOIITEST STAR IN OEMINI, ONE OF THE BEST KNOWN OF DOUBLE STABS 
T1jcs(' two Mars, easily serM) to lie donblo tl)rou«h a small trlescope, revolVc round oacli other once in about 050 years. 
Their relative ])ositions in ili<' last 2('0 yoan. are shown, scarcely one quarter of tJicir revolution having taken plfue. 


we know the approximate distance of such a star 
from the earth, we can, of course, calculate its 
actual velocity. 

Runaway Stars. Thus, the extraordinary 
discovery has been made that the gigantic 
Areturus is flying through space with a vidocilv 
of 257 milea per second — about 14 times that 
of the earth. What makes this so ext la ordinary 
is that the gravitational theory tells us thet a 
star flying at such a speed cannot iiossibly l)e 
checked by the united gravitation of the whole 
known universe. It cannot be moving in an 
orbit, as almost all the heavenly bodies do, but 
reems to be engaged in a headlong rush through 
sjiace, traversing the universe as an express 
train dashes through a w'ayside station. Theux* 
arc a few other stars of which the same thing 
has to be said. But, as a ruh*, the motion of the 
stars turns out to be similar in kind to that of the 
earth itself. Where their ])aths have been noted 
for a series of years, they generally jirove to be 
not straight, but curv(*d — parts of some vast 
orbit, which, in many cases, we arc able to calcu- 
late, as will be shown when we come to speak of 
double stars. There is a more modern way in 
which motions of the stars can bo measured 
with even more accuracy. Of course, it is not the 
case that all the stars which we see moving on the 
face of the heavens travel at right angles to our 
line of sight. Their paths Ho in all possible 
directions, and all that we see of them is their 

In 


This causes a shift of all the lines in the spectrum 
through a distance which, though very minute, 
is capable of l)(‘ing moasunsl with sufficient 
accuracy to nwcal the rtcllar velocity in question. 

The principle is exactly the same* as that by 
wdiich, when an c'xprcss train dashes through a 
station, whistling all the time, the note of its 
whistle change s in pitch as it ])asses the observer. 
IVhcn the cngiiu' is a jiproaching, a greater number 
of sounds reach the ear in every second, and the 
])itch of thi‘ whistle seems higher than it w'ould 
be if the (mgin(' we're at rest. When the engine 
has passed, the iiumhiT of sound impulse';; in a 
second is diminished, and the ]>itch of the; 
whistle: dro})s noticeably. In the same way. the; 
lines in the spectrum of any star shift (owarel 
one end or othe'r, according as the star is travel- 
ling tow'ard n;; or from us, and the amount of 
shift is projiortional to the star’s vcleK’ity in the; 
line of sight. In this way, the speed of many stars 
toward or from the earth has he*cn measured, 
and the combination of the'se* two methods of 
measurement in many cases give's us, by 
composition, the actii;^! spex'd anel diroe*tion of 
the star’s motion. 

The chief result of such investigation is to 
show that there is no siu;h thing as r(;.st in the 
universe ; every star that we can examine is in 
motion, and this, of course, is porfe^ctly in acconl- 
ance with the teaching of dynamics, whieh tells 
us that no such thing as a state of absolute 
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rest can exist. All the stare which mutually 
attract one another arc moving in vast orbits, 
with the exception of the few runaway stare 
like Arctunis, which sccni to have come from 
the outer void of space and to be hastening 
back to it again. 

Multiple Stars. One of the first discoveries 
of the telescope was that many of the stars 
which seem single to the naked eye really 
consist of two or more, very close together. 
The first double star discovered was the middle 
star ill the tail of the (jircat Bear, which shows 
to great advantage, even in a small telescope. 
Another very fine double star, easily visible, is 
Cantor, in the Twins. More than 12,000 of such 
pairs are now known. It is, of course, possible 
that a pair of stars, apparently so close together 
that they blond into 
one to the naked eye, 
may really bo separ- 
ated by a distance 
of many light-years, 
because tlujy happen 
to lie in the same 
lino of sight but at 
very diiforont dis- 
tances from the 
earth. But by far the 
greater luimher of 
double stars arc 
physically connected 
pairs, which revolve 
in an orbit round a 
common centre of 
gravity. 

Measurements 
made with the 
spectroscope show a 
double shift of the 
lines, which can only 
be due to the ex- 
istence of two stare 
moving in opposite 
directions. In many 
cases this shifting of 
the lines has been 
observed to change 
periodically, so that 
the actual period in 
which the two stars complete their orbit can 
be accurately measured, though neither of 
them is ever visible separately. As an ex- 
ample of a typical double star, wc may 
take Alpha Centauri, which consists of two 
stare nearly equal to our sun, which 
complete a very elliptical orbit about their 
common centre of gravity in about 81 years. 
8iriu8, again, is the visible member of a double 
star, and has a companion of half its own mass, 
but 4000 times less luminous, the pair com- 
pleting their orbit in abou^ half a century. Not 
ooly double stars, but triple, and even higher, 
combinations exist in the heavens. In many cases 
these associated suns have strongly tcontrasting 
colours, which make them very beautiful objects 
in the telescope, and must create extraordinary 
conditions of vision for the possible inhabitants 
of a planet which happens to circle round one 
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of them. Blue, green, red, and yellow stare are 
sometimes found, all associated together in a 
single system. 

Colours of the Stars. Even with the 
naked eye we can see that the stare vary in 
colour. Some, like Aldcbaran, Antares, and 
Betelgeux, are fiery rod ; others, like Vega, near 
the Pole, shine with a bluish lustre. Others, 
again, like Sirius, are white with a bluish tinge, 
but the majority shine with a yellowish- white 
light like that of our sun. There is. good reason 
to suppose that these different colours indicate 
a different stage of stellar evolution, the bluish- 
white stare being the hottest, the red stars 
being comparatively old and cool, while the 
yellow stars, like our sun, hold a middle 
place. Telescopic stars often show much more 
brilliant colours than 
any which are visible 
to the naked eye, 
shining with sea- 
green and lilac, gold 
and azure, orange and 
emerald. These 
colours are usually 
found in compound 
stars, and not infre- 
quently arc observed 
to vary from time 
to time. 

Variable Stars. 

A great number of 
stars shine with a 
fluctuating or variable 
light. Observation 
has divided them 
into many classes. 
There are some in 
which the change is 
regular and recurrent. 
The best example of 
this type is Algol, the 
Demon Star, which 
falls from the second 
to the fourth magni- 
tude once every three 
days, and is now 
known to be partially 
eclipsed by a vast 
dark satellite which revolves round it in 
that period. Another type is that of Mira, 
the Wonderful Star, whoso light varies in a 
cycle of 333 days from below the ninth to nearly 
the second magnitude. At its weakest, it is quib* 
invisible to the naked eye, while at its maximum 
it is quite a conspicuous star. Variability of this 
type is shown to be due to a periodical conflagra- 
tion in tho star. What caufes this wo do not 
know, but it is possible that this remarkable 
behaviour is somewhat analogous to the behaviour 
of the spots on our own sun, which is itself a 
very slightly variable star, with an eleven-year 
period. Other stars vary without replarity or 
warning, such as Eta Carinse, which is normally 
invisible to the naked eye, but on several occa- 
sions has buret out with a blaze which made it 
one of the most brilliant stare in the heavens. 

W. E. GARRETT FISHER 



ORBIT OF THE STAR ACCOMPANYING SIRIUS 
This diagram shows the orbit of the companion star as it appears 
from the earth, and its position in several successive years 
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The Pressure of Liquids, and its Mechanicai Application. The 
Hydraulic Press. Specific Gravity. Buoyancy of Liquids. 

HYDROSTATICS 


The Two Kinds of Liquids. Matter 
exists in three forms— solid, liquid, and gaseous. 
Liquids and gases have no definite shape, and 
cannot, like solids, resist the action of forces 
impressed upon them. They arc therefore called 
“ fluids.” Hydrostatics (Gr. hydro - water, 
statikos = static, or standing), strictly speaking, 
ideals only with non-elastic fluids — t.e., liquids. 
Water is so slightly compressible that a pressure 
of 22 atmosplieres (324 lb. per square inch) 
merely diminishes its volume by a thousandth 
part. There are widely varying degrees of 
resistance to change of shape among liquids. 
Water, chloroform, and alcohol move very 
freely and are called mobile liquids, but oil, 
tar, pitch, treacle, and honey move very, very 
leisurely, and arc called viscous liquids. As this, 
however, is only a question of degree of friction 
between the particles composing the liquid, 
and as viscous liquids behave like mobile liquids 
if they are given {uiflicient timt', this distinction 
is of little consequence in questions concerning 
the equilibrium of liquids. A perfect fluid would 
be on(i in which friction between the particlo.s 
was non-existent, and in wbicli there was there- 
fore no resistance to alteration in sliape. A 
moment’s consideration would show that as a 
consequence of this the pressure of a liquid at 
any point of a surface on which it acts is always 
perpendicular to that surface at that point. 
Hence, in constructing embankments, dams, 
docks, and so on, the pressure of the water 
has to be considered as acting in the direc- 
tion of the arrows sIiot^ti in the three casos 
in 71, 72, and 73. The pressure is always 
perpendicular to the surface of the wall, and 
if the latter be not strong enough, it Avill 
be pushed along on its base, overt qmed, 
crushed, or lifted, as the various arrows 
indicate. 

How Engineers Use Water. Tho 

engineer may be said to regard and to use water 
in two ways. Pascal, over 200 years ago, inves- 
tigated tho behaviour of water under pressure, 
and a century later that marvellous inventor, 
Joseph Bramah, produced his hydrostatic 
press, the action of which is based on the great 
law Pascal discovered. The modern liydraulic 
press, capable of exerting anything up to 
12, m or 14,(K)0 tons pressure, and under whose 
action steel yields like clay, is an illustration 
of one of tho ways in which engineers use 
water — by communicating pressure to it in such 
a way that that pressure, as wc shall see later, 
is enormously magnified. Secondly, water pos- 
sesses of itself a huge power, duo to tho force of 
gravity. Sometimes this is utilised, as in water- 


wheels and turbines, and in the equivalent form 
of th(} accumulator, but just as often it is a force 
which the engineer is called upon to neutralise, 
as in the construction of darns, lock gates, and 
retaining walls. 

The Principle of the Hydraulic 
Press. Pascal, that mystic and fascinating 
scientist, found that liquids possessed the pro- 
perty of transmitting equally in all directions 
pressure exerted at any point on their surface. 
This is well illustrated by the apparatus in 74. 
The closed vessel, the sliape of which is imma- 
terial, is tilli'd with water*, and at different points 
in its surface are cylindrical opt‘nings fitted with 
pistons. Piston B — twice tho area of A; 
C = three times A ; I) - four times A. Now, 
according to the law just slated, any pressure 
communicated to the walcM* by a piston will bo 
transmitted with undirninisln^rl intensity in all 
dir(‘cti(ms inside the vessel. If tho other pistons 
had the same area as A, and the lattt*r were 
pressed inwards with a pi’cssure of 40 lb., 
J>, G, and D would each be foi*C(»d outwards with 
a pressure of 40 Ib. (in addition, of course, to 
the pressure pi’cviously sustained from tlin water 
itsi'lf). But as the area of each piston is double 
that of the preceding one, this 40 lb. pressure at 
A would become 80 lb. at H, 120 11). at G, and 
160 lb. at 1). As the area is multiplied, so is the 
power. The saim^ law is illustrated in tho 
apparatus knowii as hydrostatic bellows or 
hydrostatic paradox [75]. AB and (JD arc 
circular boards connected by leather bellows ; the 
tube E opens into the interior of the apparatus, 
and througli it water is poured until the bellows 
are distended as far as it is jrossible. Heavy 
weights — even the weight of a man— may bo 
placed on AB, and supported by the weight of 
lire small column in the tube. In this way AB 
could be made to raise and support a hundred- 
weight if tho tube held 1 lb. of water and the 
area of AB were 112 times that of tho tube. It 
must not be forgotten that this multiplied trans- 
mission of pressure is entirely due to the incora- 
pressibility of water. 

How Hydraulic Presses Work. Wo 

are now able to understand tlu* action of that 
wonderful raachint*, the hydraulic press, as it is 
constructed to-day, or, as it is sometimes called, 
Bramah’s press, from the namt^ of tlu^ inventor 
w'ho devised its princiirle of operation [81]. A [76] 
is a force pump which, operated by tho lover 
handle B. pumps water from the chamber C, 
through the pipe D, into the strong cylinder E, 
thus forcing upwards the ram F. Let us con- 
sider its working in detail. On raising the 
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handle B, the plunger P is lifted, the valve G at 
the bottom of the cylinder A is raised, and water 
enters from the reservoir C. On pressing down 
the handle B, the valve G eloses, and another one 
(not shown) opens in the pipe D, through whieh 
the water is then forced. (An enlarged, detailed 
view of a pump of this type is shown in 87 .) 
Imagine this to be continued until the cylinder E 
is full. When this occurs, we have a state of 
alTairs analagous to that just described in the 
hydrostatic bellows. The pressure imparted by 
the plunger P is transmitted undiminished to 
the piston F, but owing to the greater diameter 
of F over P this pressure is enormously magnified, 
and is multiplied in the ratio of the areas of the 
two cylinders. If the diameter of the plunger P 
be J in., and that of the ram F 10 in., the ratio 
between their areas will l>e as 1 : 1,600. There- 
fore a pressure of 1 lb. on the plunger becomes 
an upward thrust of 1,600 lb. on the ram. If 
W — load or weight supported, and P ^tlie, 
load on or force applied to the plunger, then 

^ , D being diameter of ram, and d dia- 


meter of pump plungcT. From this formula it is 
clear that the mechanical advantage could bo 
theoretically increased so as to prodii<;e an 
enormous multiplication of force— merely by 
increasing the ratio of the areas of plunger and 
ram. But in . practice it is found that the 
strength of the sides of the cylinder necessary to 
sustain such great pressure places some limit to 
the power which might be obtained from the 
application of this law of transmission of 
pressure. 

How Gravity Affects Liquids. Turn- 
ing now to the pressure water exerts owfing 
to its w'cight, a very important law runs as 
follows : The prei^sure at any yiren depth depends 
directly on the vertical depth below the surface, 
Tliis, of course, is scfif -evident. The liquid may 
bo considered to consist of horizontal layers, 
those at a groat depth sustaining all the layers 
above. The. w^eight of a cubic foot of w’ater is 
62 J lb., and this wx)uld be the pressure on an 
area a foot square at a depth of 1 ft. ; at a 
depth of 2 ft. the pressure would equal 2 x 62J 
or 125 lb. ; at 6 ft., 6 x 62i or 375 lb. ; at 
D ft., D X 62 J lb. If instead of a base of 
1 sq. ft. the surface pressed contained A 8(j. ft., 
then the total pressure P D x A x 62J lb. 
If the liquid in question be not water, its weight 
per unit volume (W) would be substituted for 
62J, and P - D x A x W. 

Strange as it seems, the pressure of water on 
the base of a vessel is entirely independent of 
the quantity of water the vessel contains. The 
pressure on the base of a full decanter would be 
the same if its sides were vertical or tapered 
towards the mouth like an inverted funnel 
instead of bulging, as long as the area of base 
and depth of liquid remained unchanged. 
Yet in one case it might hold a quart, in the 
other a pint. • 

In measuring the pressure of water against 
dams, etc., the formula P = D x A x 62J 
will not be correct, for, as the pressure varies 
with the <^pth^ an oblique or Vertical square foot 


or yard will not have uniform pres8Ui*e all over 
its surface ; the part nearer the surface sustains 
less than the deeper parts, and this explains why 
in cast-iron water reservoirs and tanks, and in 
foundation caissons, the lower plates are made 
thicker than the upper ones. It is necessary to 
take the average pressure, and this is equal to 
the pressure at the centre of gravity. So the 
rule for finding the pressure against any surface 
becomes P — Area of surface pressed x vertical 
depth of the C.G. of the surface x 62J. Let 
it be required to find the total pressure against 
the retaining wall in 77. Suppose the wall 
30 ft. long, and the depth of water (E), 20 ft. 
The wetted area therefore = 30 x 20 = 600 
sq. ft. The vertical depth of the centre of 
gravity of the surface pressed below the surface 
of the water is in such a case half the depth of 
the water, or 10 ft. Hence the total pressure 
against the wall = 600 x 10 x 62J lb. - 
375,000 lb. — over 167 tons. 

Retaining Walls. We have seen in 
the preceding paragraph how' the toUil water 
pressure against a retaining wall may bo 
estimated. In calculating the thickness and 
weight of 'wall necessary to prevent it being 
overturned or fractured it is convenient to 
consider this total water pressure as concentrated 
at one particular point in the wall, which is 
called the centre of presfiure. It is the point at 
which the resultant of the fluid pressures acts, 
and these pressures constitute a system of 
parallel forces with a resultant equal to th(^ 
total pressure. If an equal and opposite force 
— Lc., the equilibrant — were applied at this 
spot, the surface would be kept in equilibrium. 
A concrete example will render this clearer. 
Imagine a long, narrow trough or cistern, one of 
whose ends, instead of being fixed, is free to 
slide along the length of the trough. If the 
trough be filled with water the movable end 
will bo forced right out unless it be kept in 
position by the pressure, say, of the thumb. 
Now, if the thumb be applied near the top of 
the surface the water would push out the 
lower' part, and if applied at the bottom, the 
water would force the ujjper part outwards. 
But there is a certain point at which the counter- 
balancing pressure might bo applied, so as to 
keep the loose end in position and sustain the 
water pressure. Tliat point is the centre of 
pressure. In the case of a horizontal area the 
centre of pressure coincides with the centre of 
gravity, but in the case of a sea-wall, where 
pressure increases with every unit of depth, 
it lies below the centre of gravity, and is found 
to be at two-thirds of the v^tical depth below 
the water surface. 

In 77 the pressure P is concentrated at the 
arrow head, one-third up from the bottom, and 
it acts in a horizontal direction. P will tend to 
Overthrow the wall by making it turn about B, 
the moment of the water being P multiplied by 
BD, the latter in this case being one-third of tln^ 
depth of the water. The moment of stability 
of the wall is the product of its weight (con- 
centrated at its centre of gravity G), and the 
distance AB. If the moment of the wall be 
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less than the moment of P, the wall will be 
overturned by the pressure of the water. 
(Generally, in calculations of this sort, the wall is 
assumed to be one foot in length, so that the 
total square feet of area of its vertical section 
also represents the cubical contents, and when 
multiplied by the weight of a cubic foot of the 
material of which the wall is composed, the 
total weight is obtained.) In actual practice 
retaining walls are made thicker than the over- 
throwing moment demands, especially where 
waves have to be considered. And as regards 
the form of the wall, although it is found that 
the stability is greater when the water presses 
against the sloping side, yet the danger of 
crushing and fracture often renders it advisable 
to sacrifice a degree of stability and let the 
vertical side receive the pressure. 

Specific Gravity. Before touching the 
question of flotation and buoyancy it is necessary 
to have an exact notion of what is meant by 
specific gravity. The specific gravity (abbre- 
viated sp. gr.), of any body is its weight, as 
compared with that of an equal bulk of water, 
though of course any other substance would 
servo as a standard of comparison. In the 
case of gases, air or hydrogen is the standard 
or unit. Now, as the volume, of water or any 
other kind of matter changes with alteration 
in temperature, it is necessary that one par- 
ticular temperature should be decided upon. As 
water has its greatest density at 4 degrees (1 
(39 '2 deg. F.), that is the tempera turo 
generally adopted. Frequently, however, 
specific gravities are measured at the more 
convenient temperature of 60 degrees. A 
cubic centimetre of water at 4 deg. weighs 
I gramme. With this, then, as a unit, the sp. gr. 
of any substance is its weight in grammes per 
cubic centimetre. When wo say that the sp. 
gr. of gold is 19 ‘25, copper 87, lard *95, 
wine *9, Bath stone 2*1, alcohol *79, cork 
*24, we mean that these figures represent the 
weight in grammes of a cubic centimetre of 
these particular substances ; or that the w'eight, 
say, of a cubic foot of gold is 19*25 time* tho 
weight of a similar volume of water, and that 
the ratio between the weights of a cubic foot 
or inch of cork and water is as *24 is to 1. 

The specific gravity of a substance not acted 
on by water and of greater sp. gr. than water 
can be found by weighing it first in air, and then 
in water, and dividing its weight in air by tho 
loss of weight in water. If A = wt. in air, 
and a = wt. in water, then 


Sp.gr. 

If a substance weighs 54*3 grammes in air, and 
47*8 in water, its 


Sp. gr. = 


54*3 

54*3-47*8 


54*3 ^ 
'6*5 


If the body floats in water, this method is use- 
less, and a weight called a sinker is attached 
to the body, which is specifically lighter than 
water, to make it sink. If A = weight of body 
in air, B weight of sinker in air, a = weight 
bf body and sinker in water, h = weight of 


sinker in water, then the sp. gr. of the body 
= ^ Specific gravity may bo calculated 

in several other ways, but by means of an 
instrument called a hydrometer tho sp. gr. 
of any liquid may be rapidly determined by 
noting on a graduated scale tho depth to which 
the instrument sinks. With Nicholson’s Hydro- 
meter the sp. gr. of either a liquid or a solid 
may be found. 

Buoyancy of Liquids. If a man j)lunges 
info a river, or a stone bo thrown into a 
pond, a bulk of water is displaced exactly equal 
to tho bulk of the body which enters and is 
immersed in the water. If it bo partly im- 
mersed, as in the case of a ship, or a man floating, 
then tho bulk of water displaced equals tho 
bulk of tho immersed portion only. That is 
quite obvious. Whether it be a case of total or 
})artial immersion, two forces act on tho body : 
that of gravity, which tends to mako it sink 
to the bottom, and the upward force of tho 
water tending to thrust tho body upwards to 
the surface. Whether tho body shall float, or 
sink to the bottom, or remain stationary at a 
certain depth, depends on tho ndativo inten- 
sities of these two forces. 

Over 2,0(X) years ago Archimedes staled the 
law governing the amount of upward pressuro 
to which a body is subjected when placed in a 
liquid. Ho found that a body immcrfifA in a 
liquid is buoyed uji with a force equal to the 
weight of the liquid it displaces. If a cubic foot 
of tho liquid weighs tho same as a cubic foot of 
the solid — t.c., if their specifie gravities are tlie 
same — tho body would remain at rest at any 
depth ; if, as in tho ease of lead, tlio solid is 
specifically heavier than tho liquid, tho weight of 
the solid is greater than the weiglit of the 
displaced liquid and will sink. And the force 
with which it will descend equals tho difference 
between their speeifii; gravities. Thus, the 
specific gravity of lead is 11*38, so that with a 
cubic foot of Avater weighing 62 J lb., and a 
cubic foot of lead weighing 709 lb., the force 
with which lead would sink is 709-62*5 — 
646 '5 lb. In the case of a light substance such 
as cork or wood, its weiglit will be less than tho 
weight of water displaced, and so it will bo 
buoyed upward with a force equal to the differ- 
ence between tho weight of the displaced liquid 
and the solid. From this it is evident that a 
floating hotly such as a cork or a ship displaces 
its own weight of tho water it floats in. . Thero- 
foro tho weight of any floating body may bo 
easily calculated, for it equals tho volume of 
water displaced, in cubic feet, multiplied by 
62.} lb. Conversely the draught can be found 
if the weight and aimensions of the body aro 
known. ^ 

The fact that a swimmer cannot sink in tho 
Doad Sea, and that coins, stones, float 

easily on mercury, is easily explained by tho 
principle oi Archimedes. Tho sp. gr. of Dead 
Sea water is 1*2 as compared wdth *89 for tho 
human body (alive). A living person w*ould 
thus displace a quantity of water of greater 
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weight than his own body, and hence would be 
thrust upwards till he reached the surface. 
The sp. gr. of mercury is 13*58. A cubic foot 
of mercury weighs over TJ cwt., but there are 
very few solids a cubic foot of which would 
weigh so much. Therefore, when immers^ in 
mercury they displace a volume of the liquid 
of considerably greater weight than their own, 
and so rise. Even when floating, the solid 
will only displace its own weight of mercury, 
and hence in many cases only the slightest 
fraction of a solid will sink below the surface. 


water displaced at B. This latter ]^int is palled 
the centre of buoyancy, and the line joining G and 
B is the axis of flotation Now, if a force be 
applied to the floating body so that it heels 
over as in 79, 80, the centre of gravity of the 
water displaced will be shifted, as shown, and the 
point M, where a vertical line from the new centre 
of buoyancy cuts the axis, is the tnetacentre. 
It is important to remember that the pressure 
of the water acts upwards in the direction of 
this line. In 78 G and B are in the same vertical 
line, and the body floats in equilibrium. If 



71-80. LIQUID PRESSURE AND ITS UTILISATION 


The Metacentre. The stability of a 
floating body depends upon the position of that 
important point called the inetacentre. In a 
ship, for example, the position of this point 
means all the difference between regaining the 
vertical and capsizing when rolling in a rough 
sea. , The two forces which keep a floating body 
in equilibrium — (a) the downward force of gravity 
and (6) the upwaid pressure of the water (equal 
to the weight of water displaced) — may be 
considered to act (a) througn the centre of 
gravity of the body, at G in 78, and B, which is 
the resultant of all the upward and parallel 
press'ires through the centre of gravity 6f the 
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it be disturbed, B will change its position with 
every change in the position of the body, but 
if, as in 79, the point where the vertical line 
from B cuts the axis lies aibovo the centre of 
gravity, the upward thrust, acting in th«‘ 
direction of this line, will tend to make the body 
regain its former position. It is then said to 
be in “ stable ** equilibrium. But should thi. 
metacentre fall below the centre of gravity [80 
the force acting through BM will tend to raaki 
the body depart stilly more from its originid 
position until it finds a new position of equi 
librium. This, of course, . means upsetting oi 
overturning, and is termed “unstable” equi- 
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librium. It may happen that the relative 
positionfl of B and G are not changed by the 
disturbance of a floating body, and that the 
line BM meets tho axis of flotation always at G. 
This is so in tho case of a sphere or cylinder 
turning on its longitudinal axis. Wo then have 
an example of “ indifferent ” or “ “ neutral ” 
equilibrium. Ships are ballasted in order to 
bring the centre of gravity so low down that the 
metacontre shall always bo above it. 

Practical Examples. In selecting prac- 
tical examples of hydrostatics, far more must 
be omitted than can bo illustrated, because 
the applications of 
Wcatcr-power an; 
so numerous and 
important. They 
occur in shops 
and factories, in 
docks and har- 
bours, in ware- 
houses and stores, 
in small and 
large installations. 

They arc used in 
many trades, and 
are more adapt- 
able to some 
operations than 
any other power 
agency, while in 
some they have 
an absolute mon- 
opoly. Water- 
power is silent and 
strong, silent 
though squeezing 
whit e-hot steel 
with a pressure of 
80(M), 10,000, or 
14,000 tons, or 
while opening the 
huge gates of 
docks, or pressing 
hay and fodder 
into bales, or 
lifting a trifle of 
100 tons. It is 
capable, too, of 
the most precise 
and minute regulation within fractions of an 
inch, by the control of the water supply. In 
some spheres of action it is being ousted by 
electricity, but a wide and undisputed field is still 
retained by water. The principle underlying 
all this great group of pressure machinery is 
that of difference in areas, embodied in the old 
Bramah press, and its modern equivalent [76]. 
A photograph of a model at South Kensington 
of the original hydraulic press made by Bramah 
is shown in 81 . Pressure is proportional to area, 
so that tho elements of design are absolutely 
simple. The difficulties which arise are those of 
risk of leakage, those due to friction — which is 
considerable — and the nec^sity forsecuring ample 
strength in cylinders subjected to pressures that 
ordinarily range from 700 to 2000 lb. on every 
square inoh, or still more in some oases. 



Head of Water Unnecessary. The 

problems of head of water have been con- 
sidered in previous paragraphs. But the 
machinery in question docs not now utilise 
natural head in order to obtain pressure, though 
that was done in flu; early days of the hydraulic; 
cram's. Water was pumped continuously up 
into a tank placed at a great height, and tho 
head of water thus obtained was made available 
bj' pipes wdierc'ver it was wanted. But Ihis 
system had obvious inconveniences that rev 
strieted its use. A convc'nient six)t was not 
always possible for the erection of the high tower 

to carry the tank, 
whih; the eleva- 
tion of the; tank 
was an expensive 
matter. 

Kot until Arm- 
strong invented 
the aejcumulalor 
did tile snee-ess of 
thowater-pre'ssiin; 
system become; 
assured. This 
consisted origin- 
ally of a large 
cast-iron cylinder 
fl 1 1 e d w' i t li a 
loaded plunger to 
im])art pressure 
to the water. At 
once tho gravity 
pressure of some 
00 11). to the 
square inch was 
a b a n d o n e d for 
000 lb. In an 
ordinary hydrau- 
lic plant, there- 
fore, wo have thren 
element s — t h o 
a c c u m u 1 a t o r 
for water storage 
u n d c r i)r(‘ssurc, 
tho force pumps 
and engines, b y 
which tho pressure 
is produced, 
and tho working 
cylinder, or cylinders and rams, by which pres- 
sure and movement are applied to any particu- 
lar mechanism, and which occurs in an im- 
inense^ number of forms. 

We shall ne‘xt proccc'd to give a very concise 
summary of hydrostatic mechaiiisni, or, as it is 
commonly termed, hydraulic machinery. 

At the basis of it all lies the pump in some 
form or other. The common lift or suction pump 
of wells and tanks plays but a small part here, hut 
combined with anothfir form, the plunger, it is a 
valuable agent for lifting water from great depths. 
Few' mechanisms arc varied more than are lifting- 
pumpvalviSs. Deep and shallow wells, different 
kinds of liquids, clean or dirty, hot or cold, 
questions of accessibility, and so on, requiro 
mod ilicat ions in valves. 

JOSEPH G. HORNER 
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By Gerald K. Hibbert, M.A. 


Section T. GRAMMAR 
Irregular Verbs : Third Conjugation 

The following are the most important : 

A. Consonant Verbs 
Gvitural Stems, -si, -turn (five, -sum) 


(texui, textum), sero - I join (semi, sertum), 
and meto (messui, messum). 

Present Stem Anomalous, -vi, -turn. 


dico 

dixi 

dictum 

say 

duco 

duxi 

ductum 

lead 

cingo 

cinxi 

cinctum 

surround 

coquo 

coxi 

coctum 

cook 

fingo 

finxi 

fictum 

fashion 

pingo 

pinxi 

pictura 

paint 

jungo 

junxi 

junctum 

join 

tego 

texi 

tectum 

cover 

-stinguo 

stinxi 

stinctum 

quench 

tinguo 

tinxi 

tinctum 

dye 

unguo 

unxi 

unctum 

anoint 

traho 

traxi 

tractiim 

draw 

veho 

vexi 

vectum 

curry 

vivo 

vixi 

victura 

live 

struo 

struxi 

structum 

pile 

-lacio 

Icxi 

Icctum 

entice 

-specio 

spexi 

spectura 

espy 

fluo 

fluxi 

fluxum 

flow 

figo 

fixi 

flxum 

fix 

morgo 

mersi 

morsiim 

drown 

spargo 

sparsi 

sparsum 

sprinkle 

tergo 

tersi 

tersum 

wipe 


Dental Stems, -si, -sum. 


elaudo 

clausi 

clausum 

shut 

Similarly, 

divido, locdo, ludo, plaudo, radt 

rodo, trudo, and vado. 

Also : 


ccdo 

cessi 

cessum 

yield 

mitto 

misi 

missum 

send 

(piatio 

(quassi) 

quassiim 

shake 

flee to 

flexi 

flexum 

bend 

nocto 

nexi 

nexum 

bind 


Labial Stems, -si, -turn. 


oarpo 

carps! 

carptum 

pluck 


Also repo, scalpo, serpo, nubo (nupsi), and 
scribo (scripsi). 

Liquid Stems, -si, 4um (one, -stim). 
como compsi comptum adorn 

Also demo, promo, sumo, tcmno, premo(pressi, 
pressum), gero (gessi, gostum), uro (ussi, 
ustum). 

Stem various, -ui, -turn (one, -sum). 
cumbo cubui cubitiim lie doom 

elicio elicui olicitum entice forth 

Also strepo, fremo, gcmof tremo, and vomo. 
rapio rapui raptum seize ' 

alo alui altum r^ourish 

Also colo (oolui, cultum), consulo, occulo, pono 
(posui, positum), gigno (genui, genitum), texo 


lino 

levi 

litura 

smear 

sino 

sivi 

situm ' 

allow 

cemo 

crevi 

cretum 

sift, discern 

cresco 

crevi 

cretum 

increase 




(intrans.) 

spemo 

sprevi 

spretum 

despise 

sterno 

stravi 

stratum 

strew 

sero 

sevi 

SSI turn 

sow 

nosco 

novi 

notum 

know 

paaco 

pavi 

pastum 

feed 

sucsco 

suevi 

suctum 

be accus- 




tomed 

quiesco 

quievi 

— 

reM 

cupio 

cuiiivi 

ciipitiim 

desire 

peto 

petivi 

petitum 

ask 

qujero 

quacsivi 

qua?situm 

seek 

tfiro 

trivi 

tritum 

rub 

arccsso 

arcessivi 

arcessitum send for 

lacesso 

lacessivi 

laccssitum provoke 


-i, -sum (one, -turn). 


pando 

pandi 

pansum 

spread 



(passum) 


Also scando, prohendo, ‘Cando, -fendo, verto 

(verti. 

versum), bibo 

(bibi, bibitum), vello 

(vein or vulsi, vulsum). 



findo 

fidi 

fissum 

cleave 

Bcindo 

scidi 

scissum 

tear 


Roman Money 

Most of the Roman weights and measures 
were divided by fractions which were originally 
parts of the .dj or pound weight, containing 
twelve ounces. The As was thus divided : 

Uncise, 

i.e,. Fractions 

Ounces. of As. 

12 As, a found . . . . . . 1 

11 Deunx (de -uncia), an ounce off . . j l 

10 Dcxtans (dcsoxtans), a sixth off , , ^ 

9 Dodrans (dequadrans), a fourth off J 

8 Bes, or Bessis (dui-assis) . . . . f 

7 Septunx (septem uij^iae), seven 

ounces . . . . . . • . 

6 Somissis, or Semis (semi-assis) • • \ 

5 Quincunx (quinque uncise) . . 

4 Triens, a third J 

' 3 Quadrans, a fourth . . . • i 

2 Sextans, a sixth I 

1 Uncia, an ounce . . ... . . iV 

Other fractions used were Sescuncia (IJ 
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ounces), Semuncia (J ounce), Sicilicus (J ounce), 
Sextula H ounce), Scripulum ounce). 

Interest on Money. After b.c. 80 
legal interest was fixed at the rate of of the 
Capital per month, called Centesima (sc. pars) — 
Le., 12 per cent, per annum. I.»ower rates than 
this were denoted by the fractional parts of the 
As (the Centesima being taken as the As). 
Thus, reckoning the percentage as per annum : 

12 per cent. = nmree centesimee, or asses usuroe, 

11 per cent. = usurce dennees 
8 per cent. = usurce besses 
5 per cent. usurce quinewnces 
1 per cent. — usurce uncirn 

Higher rates than 12 per cent, were denoted 
by distributives : 

24 per cent. •— hinm rentesimoi 

60 per cent. = quincB centesimee 

Expression of Fractions. 1. All 

fractions with 1 for numerator are denoted by 
ordinals, with or without pars .* i — tertia, or 
tertia pars ; J- = quarta. 

2. All fractions with a numerator less by 
one than the denominator are denoted by 
cardinals with partes simply : f — dutr partes ; 

= quinque partes. 

3. All fractions with 12, or its multiples, for 
a denominator, are denoted by the parts of an 
As, which is taken as the whole i 

Neres ex asse = heir to the whole estate. 

Heres ex triente — heir to a third 

Heres ex semisse — heir to a half. 

4. All other fractions are denoted by the car- 
dinal for a numerator, and the ordinal for the 
denominator : 4 qmttmr septimee. 

Expression of Sums of Money. 

Although the denarius ( — 10 asses) was the 
silver coin in most frequent currency, the 
ordinary unit of reckoning was the sestertius, or 
nummus ( — J denarius, or asses). The 
Roman sign for 2J was IIS — i.e., II. + S(emis). 
This is now written HS, and is the usual abbre- 
viation for a sestertius. Thus, 7,000 sesterces = 
septem millia sestertium (shortened from sester^ 
tiorum). 

This shortened form sestertium was taken for 
a neuter singular notin, meaning 1,000 sesterces, 
and so we get such forms as 

Siestertia decern ~ 10,000 sesterces. 

For sums of a million sesterces and upwards, 
adverbial numerals are used — e.g., l,(KX),000 
sesterces = decies centena millia sestertium (or, 
more usually, just decies sestertium). 

2,300,000 sesterces = ter et vicies sestertium. 

To distinguish the meanings, strokes were 
usually added to the numerals — e.g., HSX == 
decern millia sestertium (10,000); HS|X| = 
decies sestertium (1,000,000). 

Section II. SYNTAX. 

• Sequence of Tenses. 1 . If the verb in the 
principal clause is in a primary tense (t.e., present, 
future, or true perfect), the verb in the subordi- 
nate clause will be (a) intthe present subjunctive 


if present time bo denoted ; (b) in the perfect 
subjunctive if past time be denoted — e.g . : 

Rogavi ut illi ignoscatur = 1 have asked that 
he may be pardoned. 

Cognoscam cur venerit = I will ascertain why 
he came. 

2. But if the verb in the principal clause is 
in a historic tense (i.e., imperfect, simple past, 
or pluperfect), the verb in the subordinate clause 
will be (a) in the imperfect subj. if present time 
be denoted ; (b) in the pluperfect subj. if past 
time be denoted — e.g.. 

Rogavi utrum adesseJt — I asked"* whether he 
were present. 

Non dubium erat quin fugisset = there was no 
doubt that ho had fled. 

Infinitive Mood. The infinitive is an 
indeclinable verbal noun. It is used as object, 
as predicate and as subject, so far as a substan- 
tive in the ace. or nom. case would be so used. 
It is not properly used as a genitive, dative, or 
ablative, or as an occ. after a preposition. Tlve 
gerund (also a verbal noun) is used instead. 

1. As subject : Duke et decorum est pro patria 
mori ~ dying for country is sweet and comely. 

2. As object: Vincerescis: victoria uti nescis 
= you know how to conquer, but not how to use 
your victory. 

3. As predicate to a subject in the nom. case ; 
to express the occurrence of actions without 
marking the order of time. OfUm used in 
narration for a finite verb, hence called historic 
infinitive — e.g., 

Clamare omnes — all cried out. 

Rex primo nihil metuere, nihil suspimri = the 
king at first feared nothing, suspected nothing. 

Gerunds and Supines. 1. Those are 
the cases of the infinitive. As mentioned above, 
the gerund is used to express the gen., dat., abl., 
or acc. after a preposition, of the verbal noun — 
e.g.. Breve tempus satis longum est ad bene 
honesteque vivendum — for living well and 
honourably, a short time is long enougli. 
Fugiendo vincimus ~ we conquer by fleeing. 
Videndi et audiendi delectatio — the delight of 
seeing and hearing. 

2. The supine in -um is an acc. after verbs of 
motion. It often has a direct, more rarely an 
indirect, object — e.g., ibo lusum — I will go to 
play. 

Deoa atque amicos it sahUatum ad jorum — ho 
goes to hail the gods and his friends at the forum. 

Non ego Oraiis servitum matribus ibo = 1 will 
not go to serve Grecian matrons. 

Note. This supine, with trt (pass, infin. of 
co), forms the fut. infin. pass. — e.g., rectum iri. 

3. The supine in -w is used in the abl. to 
qualify adjectives in a*way which may bo classed 
under the head of “ part concerned (abl. of 
respect) — e.g .9 

Formas ti^ibiles visu = forms terrible to see. 

Mirabile dictu = wonderful to say. 

The Gerundive. 1. The gerundive is 
confined to transitive verbs. It is usually sub- 
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stituted for the gerund when th»' gerund has an 
object expressed ; the object is then attracted 
into the case of the gerundive, which is made to 
agree with it in number and gender. This is 
very important — e.g.<, Ccesar comitiali morbo his 
inter res agendas correjftus est — Caesar was twice 
seized with epilepsy in the midst of transacting 
business. 

Often used (like the supine in -nm, or the 
fut. ptc.) to express purpose, instead of ut with 
the subj. ; 

Missus est a senatu ad animos regum per- 
spiciendos ^translate “ for the purpose of 
discovering *’). 

Hi septemviri fuerunt agris dividendis (“ for 
dividing lands”). 

Note. The gerundive is used from 
fruor^ fungor^ potior^ all these verbs being 
originally transitive. 

2. The impersonal gerundive implies neces- 
sity, principally in intransitive verbs. This is 
the usual construction for expressing ” musU” 
and the agent is usually put in the dat., not 
in the abl. with a or ah : 

Bibendum est mihi 1 must drink (literally, 
it is to be drunk by me). 

Buo cuiqne judicio vt end uni est -- each must 
use his own judgment. 

3. The gerundive is often tisod as a mere 
attribute or adjective, meaning obligation, 
de.stiny, d(‘aert, or possibility. 

Dens et diligendus est nobis et timendus (tod 
is both to be loved and feared by us. 

Eis otium divitierque, optanda alias, oneri 
miserieeque fuere — to them leisure and riches, 
things desirable in other cir ui instances, w'cro 
(for) a burden and a misi^ry. 

To BE TrRNED INTO LaTIN PrO.SE. 

HOW TO PROCURE UONTENTEDNESS. 

By Jeuemy Taylor. 

If then thou fallest from thy employment in 
public, take sanctuary in an honest retirement, 
being indifferent to thy gain abroad or thy 
safety at homo. If thou art out of favour with 
thy prince, secure the favour of the King of 
kings, and then there is no harm come to thee. 
And when Zeno Citiensis lost all his goods in a 
storm, he retired to the studies of philosophy, 
to his short cloak and a severe life, and gave 
thanks to fortune for his prosperous mischance. 
When the north wind blows hard and it rains 
sadly, none but fools sit down in it and cry : 
wise people defend themselves against it with 
a warm garment or a good fire and a dry roof. 
When a storm of a sad mischance beats upon 
our spirits, turn it into some advantage by 
observing whore it can serve another end, either 
of religion or prudence, or more safety or less 
envy : it will turn into something that is good, 
if we list to make it so» 


Latin Version of the Foregoinq. 

Honore amisso in honestum otium quasi 
in templum defugito, neve pluris lucrum foris 
quam domi securitatem facito. Et studio 
regio verso, modo tibi faveat Deus, nihil tibi 
damno fucrit. Zeno enim Citiensis re inter 
proc(dlum amissa ad sapientia} studium togam- 
quo brevcin et duriorem victum ubi recesserat, 
fortuna? gratias egit quod sibi ita opportune 
nocuisset. Et aquilono acri, tristi imbre, 
soli stulti sedentes flent, sapientis est sc toga, 
igne, tccto defendere. Et ubi mala) fortuna) 
tempestas in nos incident, docet hoc ipsum in 
lucrum vertcre, spectato an ad aliud quid 
prasit, sive ad fortiores sive ad sapiontiores 
rt‘dd(‘ndos, sive ad securitatem dandam, sive 
ad invidiam arcendam. Omnia enim in melius 
verti potuerint, modo ipsi hoc velimus. 

Section HI. Translation. 

Horace warns Lyce that he cannot put up with her 
unkindn'ess for ever. 

Extremum Tanain si biberes, Lyce, 

Sa‘Vo nupta viro, me tamen asperas 
Porrectum ante fores objicere incolis 
Plorares Aquilonibiis. 

Audis quo strepilu janua, quo nernus 
Inter pulchra satum remugiat 
V'(*n(is, et positas ut glaciet nives 
Puro numine JupitiT ? 

Ingratam Veneri pone superbiam, 

N(* currt'nte retro funis eat rota. 

Non te Penelopen difficilem proeis 
Tyrrheniis genuit parens. 

O, quamvis neque te munera nee prcces 
Nec tinctns viola pallor amantium 
Nec vir Pieria pellice saucius 
Curvat, supplicibus tuis 
Pareas, nec rigida mollior icsculo 
Nec Mauris animum mitior anguibus. 

Non hoe semper erit liminis aut aquo) 
Ca?lestis patiens latus. 

English Version of Above. . 

m 

Even though you drank of the far-distant 
Tanais, Lyce, wedded to a savage husband, 
still you would grieve to expose me, stretched 
before your cruel doors, to the north winds of 
the land. Do you hear how loudly the door, 
how loudly the grove planted within your fair 
abode groans beneath the blast, and how Jove, 
with his clear influence, freezes the fallen snows ? 
Lay aside the pride displeasing to Venus, lest roi)o 
and wheel run back together. Twas not to be 
a Penelope unyielding to suitors that your 
Tuscan father begot you. -O, although neither 
gifts nor prayers nor lovers’ paleness with its 
violet hue, nor husband smitten with love 
for a Pierian mistress, can bend you, yet spare 
your suppliants, though not more pliant than 
the unbending oak nor gentler in heart than 
Moorish serpents. Not for ever will this boily 
of mine endure your threshold or the rain of 
Heaven. 
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X.T g^T Y C Ur Contlimwl from 
pa«e']3l3 

PREPOSITIONS 

A preposition is a word which shows how 
things, or their actions or attributes, are 
related to other things — e.g., “ The man 

in the moon ” (in showing the relation of 
the thing man to the thing moon ) ; “ Coming 
through the rye ” (through showing the rela- 
tion of the action coming to the thing rye ) ; 
“ London is full of people ” (of showing the 
relation of the attribute f'ull to the thing people). 
The noun or pronoun following a preposition 
(and no other part of speech can follow a pre- 
position) is in the objective case, “ governed by ” 
the preposition. 

Prepositions were originally prefixed adverbi- 
ally to verbs ; they were, in fact, adverbs of 
place. Thus, “ He took the ring off his finger,” 
used to bo ” hoo^f-took the ring his finger,” ring 
being direct object, and finger indirect. 
Gradually they were detached from the verb, 
and became prefixed to the noun or pronoun 
constituting the indirect object, losing in the 
process the force of adverbs and bccorning pre- 
positions. We have still some of these com- 
pound verbs remaining, as overreach, undertake, 
upbring, withstand (stand against), withdraw 
(draw from), gainsay (say against). 

Classification of Prepositions, Pre- 
positions may be classified as Simple and 
Compound. The simple prepositions are at, by, 
for, from, in, of, or off, on, through, till, to, up, 
with. 


The most important compound prepositions 

aboard 

beneath 

about 

beside (-s) 

above 

between 

across 

betwixt 

against 

beyond 

along 

but (by- out) 

amid(-st) 

down, adown * 

among(-st) 

except 

anent ( — concerning) 

inside 

(a)round 

outside 

aslant 

since 

astride 

toward(s) 

athwart 

underneath 

before 

after ) formed by the 

behind 

over y comparative 

below 

under J suffix -er. 


Nearly all in this list are compounded of a 
proposition and an adverb, or a preposition and 
a substantive. The initial a in these compounds 
isepresents twyand be fepresents by. Thus, Aeaide 
= by side, aboard =s on board. In into, unto, 
until, upon, within, wUhovt, throughout, we 
have an adverbial partido prefixed to a simple, 
preposition. 

i . Notes. 1. Beside is used of place, to denote 
either nearness to, or remoteness from : thus, 
“ Blessed are ye that sow beside all waters ” 
(meaning by , the side of) ; “ Whether we he 
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beside ourselves, it is to God ” (meaning ouJl of 
ourselves, out of our winds). When, however, 
the sense of over and above is intended, besides is 
generally \i8ed, os “ Besides Latin, he is also 
learning Greek.” 

2. But is a preposition when it means except. 
It should then be followed by the objective case, 
as ” No-one was saved but me.” Consequently, in 

“ The boy stood on the burning deck 
Whence all but he had fled,” 

there is a grammatical error. 

3. Adown is literally “ off the hill,” dune or 
dun meaning hill. 

4. Two prepositions, now obsolete, are found 

in Shakespeare, Milton, and other early winters — 
sans and maugre. Saris is the French preposition, 
meaning without — e.g., “ a confidence sans 

bound ” (Tempest). Maugre is the French 
malgre, in spite of — e.g., “ Maugre the Roman ” 
(Paradise Regained). 

Certain participles, such as considering, con- 
cerning, respecting, pending, during, notwith- 
standing, saving, save, are often used as preposi- 
tions, though they are not really such. Thus, 
in “ N otivithstanding your ornoMy, I forgive yon,” 
the true construction is. “ Your cruelty not- 
withstanding, 1 forgive you,” the first three words 
being in the nominative absolute*, and notwith- 
standing filling it>'> proper part as a participle. 
Similarly, in “ Considering all things ” (“ all 
things considered ”), “ Pending his arrival, I felt 
much excited” (“his arrival pending”), and 
60 on. 

Many prepositions are also adverbs, but it 
is easy to distinguish the two uses. If the 
word in question governs a noun or some 
substitute for a noun, it is a preposition ; 
if not, it is piobably an adverb. We say 
“ probably,” because it might be a conjunc- 
tion, or even occasionally some other part of 
speech. 

Examples : “ TTo walked along the river ” 
(preposition). “ Ho walked along very fast ” 
(adverb). “ Since his death, I have lived here ” 
(preposition) ; “ He died long since ” (adverb) ; 
“ Since he is dead, we must not speak evil of * 
him ” (conjunction). 

In “ But me no buts,” but is used first as a 
verb, secondly as a noun. 

When to is ufied as an adverb, it is usually 
spelt too (“ Thou wost a spirit too delicate To act 
her earthy and abhorr’d commands ”). 

Place of the Preposition. A preposition 
should, if possible, ipamediately precede the 
w^ord which it governs. Even in relative 
and interrogative sentences this order should bo 
observed. It is better and more dignified to say 
“ Of whom*are you speaking ? ” than “ W’hom 
arc you speaking of ? ” When, however, in a 
relative sentence, the relative pronoun is omitted, 
the preposition is usually placed at the end of 
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the sentcnco — as : “ lie is not a man I am fond 
of ” (».€., “ of whom I am fond ”). 

CONJUNCTIONS 

Conjunctions arc words which join sentences 
together — as: “ 1 will wait tillyow come.” Hero 
till joins together the two sentences “ I will 
wait ” and “ you come.” Not every word, 
however, that connects two sentences, is a 
conjunction, for wc have seen that relative 
pronouns (who^ which ^ etc.) and relative adverbs 
(when, wher^eic.) often connect one sentence 
with another With these two exceptions, all 
words which join sentences together are con- 
junctions. 

Th(? conjunction and is peculiar, because, in 
addition to joining two sentences, it can also 
join two words, provided they are both of the 
same kind and stand in the same relation to some 
other word in the sentence — e.g., “ two and two 
are four,” “ egg and milk is a good mixture.” 
But in a sentence like “ My parents and my 
cousins arc here,” and joins two sentences (” My 
parents are hero ” and “ My cousins aro here ”), 
not two y^ordff. And is tho only conjunction 
that can join words, though it is sometimes said 
that hut, or, and nor join words. Wc shall find, 
however, that in every case tlu'se conjunctions 
really join sentences — e.g., “ Neither this nor 
{hat is right ” stands for ” This is not right, that 
is not riglit.” Such s(‘ntonces are contracted 
Compound Sentences. 

Classification of Conjunctions. Con- 
junctions are divided into Co-ordinative and- 
Suhordinative. 

Co-ORDINATIVE CoNMUNOTiONS joiu co-ordi- 
nate sentences, that is, sentences of the same 
rank (Latin ordo rank), neither of w^hich is 
dependent, on the other. The co-ordinative 
conjunctions aro and, both, hut, either, nr, neither, 
nor (and, aewrding to some grammarian.s, ^ 
heenuse, for, as, and whether). 

Either is the distributive pronoun, and 
whether the relative pronoun, used as con- 
junctions [See Pronouns] — e.g., “ Either of the 
two suits me ” (pronoun) ; “ Either you or I 
shall perish ” (conjunction). 

Or is a shortened form of either. Neither and 
nor are for ne-either and ne-or. 

But was originally a preposition, meaning 
without, except. In phrases like “ 1 cannot but 
think,” “ There is no-one but knows,” it is a 
conjunction ; also in all cases where it joins two 
sentences, as ” Strike, but hear me,” “ He loved 
not fatherland, but himself.” 

SiTBORDiNATiVE CoN-JUNCTioNs join Subordi- 
nate clauses to a main clause, that is, they unite 
sentences one of which is d^jiendont on the other 
— e,g,, “ He’ll be hanged yet, thotigh every drop 
of water swear against it.” Here, the second 
clause depends pn the first, or is sul^ordinate to 
it, therefore tho conjunction uniting them is 
subordinative. Such a sentence as the above 
is called a complex sentence, as opposed to a 
com;H 3 Uad sentence, which consists of two or 

t 
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more co-ordinate clauses united by a co- 
ordinative conjunction. In a complex sentence, 
one clause is called the principal clause, and all 
the other clauses are called subordinate. These 
subordinate clauses play the part of adverbs, 
adjectives, or substantives, and aro called 
accordingly, Adverbial, Adjectival, or Substan- 
tival Clauses [see next lesson]. 

Tho most important subordinative conjunc- 
tions are : 

1 . That, introducing substantival clauses — e.j/., 
“ He said that he was cold.” 

2. If, unless, except, etc. (conditional). 

X Though, although, albeit (concessive). 

4. That, moaning “so that” (consecutive)— 
as: “It was so cold that the water froze.” 

5. That, moaning “ in order that,” lest (final) 
— as: “ He went out that he might get warm.” 

6. After, before, till, until, ere, sincCf now, 
while, as (temporal). 

7. Because, since, for, as (causal). 

8. Than (comparative). 

Notes. Tho conjunction that is really the 
demonstrative pronoun. “ He said that he 
was cold ” was originally “ He was cold : he 
said thal,'^ two co-ordinate sentences. Now 
one has become subordinate to tho other. 

Because “ by tho cause that,” and albeit 
is shortened from “ all be it.” 

Than is now regarded as a conjunction, 
though it is strictly a relative adverb, meaning 
when, at which time. Therefore “ The sun is 
larger than tho moon ” means “ When tho moon 
is large, the sun is larger.” Both than and then 
are derived from that. The noun or pronoun 
following than may bo in the nominative case 
or in the objective, according to the predicate 
to be supplied, thus : “ Ho hates me more than 
you ” may mean “ He hates me more than ho 
hates you ” {t/oti being objective), or “ He hates 
me more than you hati^ mo ” (i/ou being nomina- 
tive). Such a sentence as “ No one knows 
better than me what 1 have lost ” is, of course, 
incorrect : it should be “ than I [know].” 

As. was pointed out in dealing with Tclative 
pronouns, a relative pronoun following than 
is always put in the objective case, even when it 
is strictly nominative — as : “ Caesar is dead, 
than whom no greater Roman ever lived.” 
Whom ought to be in the nominative, as the 
senUmco stands for “ Caesar is dead, and no 
greatc^r Roman ever lived than /tc.” 

It will be noticed that many of tho sub- 
ordinative conjunctions take a verb in the sub- 
junctive mood, but as was pointed out in 
dealing with tho subjunctive, the conjunction 
is no part of the mood. ^ 

INTERJECTIONS 

These are words interjected or “ thrown in ” 
to express some emotion. I'hey do not stand in 
any grammatical relation to other words, and aro 
independent of tho construction of the sentence 

Examples : Hurrah /Alas! Oh / Ah / Pshaw ! 
Ua, Ha ! Oood-bye ! (God be with you), Hullo . 
Whoa ! Welcome ! Hail ! Adieu, ! 
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PUNCTUATION 

Punctuation is the right method of inserting 
stops (Latin puncta, points). Stops are written 
marks to represent oral pauses. If we speak to 
anyone for a few minutes, and notice carefully 
the manner of our speech, we shall find that we 
make pauses of greater or less duration, mainly 
—though not entirely— for the sake of clear- 
ness. If our remarks were then written down, 
these different pauses would bo represented by 
different stops. 

Marks of Punctuation. 1. Wlicro wo 
completed a sentence, a period, or full stop, would 
be used (.). 

2. Where we made a decided pause, but not 
so decided as in the first case, a colon (:) or semi- 
colon (;) would be used. 

3. Where only a slight pause was made, a 
comma (,) would bo used. 

These words are not strictly names of stops, 
but of the portions of sentences which they mark 
off. Thus, period means “ a circuit,” a complete 
sentence ; cokm means “ a limb,” a member of 
a sentence ; and comma means “ a section ” of a 
sentence — something cut off, a clause. In 
Shakespeare comnui has this meaning of a short 
part of a sentence. A semi-colon is a half -colon. 
'Ilie meaning of a sentence ought to be plain 
without the aid of any stops whatever. Stops 
are comparatively a modern invention ; they do 
not appear on ancient manuscripts, and at one 
time they were not allowed in our Acts of Parlia- 
ment. At the present day, too, in legal documents 
stops are usually conspicuous by their absence. 

Very often the entire meaning of a sentence 
can bo altered by a slight alteration of punctua- 
tion — a fact of which full advantage is tak<‘n in 
many riddles that are propounded, and in many 
traps that are set for the unwary. Thus, in the 
well-known statement, “ King Charles walked 
and talked half an hour after his head was cut 
off,” nonsense becomes sense by the insertion 
of a colon after ” talked.” Again : 

” Every lady in this land 
Has ten fingers on each hand , 

Five and twenty on hands and feet 
This is true without deceit.” 

‘Further instances will occur to everybody. 
Who, for example, has not heard of the advertise- 
ment, “A piano for sale by a lady about to cross 
the Channel in an oak case with carved legs ” ? 

Uses of the Stops. The full-stop is used 
to mark tne completion of a whole sentence, 
whether simple or complex. It is also used after 
abbreviations — as t.e., R.S.V.P., Rev., D.D. 

The colon originally marked off the parts of a 
compound sentence. It is now used after a 
^tence which, though grammatically complete, 
is followed by another sentence closely connected 
in sense. In such cases a. full-stop would mark 
too great a break. For example, in Sir Walter 
Scott’s “Autobiography”: “ My father had a zeal 
for his clients which was almost ludicrous : far 
from coldly discharging the duties of his employ- 
ment towards themt he thought of them, etc.” 


Again : 

“ Cowards die many times before their deaths : 

Tlie valiant never taste of death but once.” 

A colon is also used to introduce a quotation. 
For example : A forgotten satirist well says : 

“ The active principle within 
Works on some brains the effect of gin.” 

(Lockhart’s “Life of Scott.”) 

The semi-colon is a modern form of the colon. 
It is impossible to lay down rules for their 
respective use, but, roughly speaking, the semi- 
colon marks a less complete pauie than the 
colon. The semi-colon is usually placed between 
the co-ordinate members of a compound sentence 
when the connecliohi is marked by a conjunciion — 
as : “ Thou dost here usurp the name thou owest 
(ownest) not ; and hast put thyself upon this 
island as a spy ” ( “ Tempest ” ). If the sentences 
are short, and closely connected in meaning, 
commas arc used instead of semi-colons — as : 

“ We carved not a line, and we raised not a stone. 
But w’e left him alone in his glory.” 
Sometimes not even a comma is needed — as : 

“ He was born and died in London.” 

The comma is not used to-day as frequently 
as in former days. A sentence should not be 
overloaded with commas ; they should be used 
only where it is absolutely necessary for the 
sake of clearness. Common-sense must be the 
guiding element in their usage. But a few points 
may be mentioned : 

1. A comma should be used to mark the end 
of a substantive clause forming the subject of a 
verb — as : “ That the days are longer in summer 
than in winter, admits of no dispute.” But if 
the clause either follows the verb, or is the object 
of the verb, no comma is used — os : “ Ho said 
that he was cold.” 

2. In a list of words of the same nature— nouns, 

adj(H)tives, adverbs, etc. — brought together in the 
same connection, a comma is inserted after each 
word except the second last when it is followed 
by “ and ” — ns : “ With an humble, lowly, 

ptmitent and obedient heart” (Prayer Book). 

3. The comma is used after an adverbial 
clause that comes before the verb which it 
modifies — as : “ W hen he comes, tefi 1 me. ” Bu t i f 
the adv(*rbial clause follows the verb, the comma 
is not needed — as : “Tell me when he comes.” 

4. There is no need of a comma between the 
antecedent and the relative pronoun if the rela- 
tive introduces a limiting, or restricting, clause ; 
but if the relative is continuative or ampliativo 
[see page 523] a comma must be introduced. 
The two examples quoted on page 523 well 
illustrate this ; 

Restrictive. “ Ho broke the pen which I lent 
him.” 

Continuative. “ His eldest son, whom he had 
lost many years before, had always been his 
favourite.” 

6. A comma is used to separate a noun in the 
Vocative (or Nominative of Address) from the rest 
of the sentence — as; “Thou spirit, who led’st this 
glorious eremite into the desert.” (Milton.) 


Continued 
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POSITION OF ADJECTIVES 

1. It very largely depends upon euphony 
whether an adjective is to be placed before or 
after the noun which it qualities. In accordance 
with it, the following general principle may be 
laid down : monosyllabic nouns are seldom 
preceded by adjectives of several syllables. 

2. Use has established the following rules : 

(a) The adjectives beau, beautiful ; bon, 
good ; cher^ dear (loved) ; (jeniil, predty, nice ; 
grand, largo ; gros, big ; jenne, young ; joli, 
pretty ,• long, long ; manvais, bad ; meilleur, 
better ; 'petit, small ; pire, worse ; sot, stupid ; 
vaste, vast ; vieux, old ; vilain, ugly, usually 
precede the adjective. 

(b) The ordinal numbers : premier, first ; 
deuxiime and second, sc'cond ; troisihne, third, 
etc., and also dernier, last, are placed before the 
noun ; le premier homme, the first man ; le 
vingtihne sihle, the twentieth century. Tn 
connection with sermtine, week ; mois, month ; 
annee, year ; siecle, century, the adjectiv(j 
dernier changes its meaning according as it 
comes before or after the noun, thus : la 
semaine derniere, last week ; Vannee dernicre, 
last year — i.e., immediately precieding the present 
W(a‘k, eU’.. When it is j)laced before the noun 
it indicates the last of a particular scries, thus ; 
la dernihe semaine dn mois, the last week of the 
month ; le dernier jour de Vannee, the last day 
of the year. 

(c) Adjectives of colour, as rouge, red ; of 
shape, as rond, round ; of taste, as amer, bitter ; 
of tc^mpe^rature, as tiede, tepid ; of nationality, 
as frariQais, Frencli ; and of religion, as prates- 
tant, are placed after the noun, as : ane jlenr 
blanche, a white tlower ; une table carree, a 
square table ; une pomme douce, a sweet apple ; 
de Veau froide, some cold water ; soldat 
anglais, an English soldier ; nn pasteur ^Jrotes- 
tant, a protestant clergyman. 

(d) Present participles (which then become 
verbal adjectives) and past participles follow 
nouns when they are usi'd to qualify them : 
'une 7nain trenMante, a trembling hand ; un 
homme instruit, an educated man. 

(e) Adjectives which end in al, el, ic, igue, 
able,* aire, oire, and ible, and which arc con- 
sequently polysyllabic, usually follow the noun ; 
un voyage serUimental, a sentimental journey ; 
un hm^ne spirituel, a witty man ; un pare 
public, a public park ; une refuse categorique ; 
a categorical reply ; une femme rermrquahle, 
a remarkable woman ; une depense necessaire, 
necessary expense ; un ordre ptremptoire, a 
peremptory order ; un ^emHe infaillible, an 
infallible remedy. 

(/) A change from the literal to a figurative 
meaning is usually indicated by a change of 
position : un habit noir, a black coat ; but 
une noire ingratitude, black ingratitude. 

(g) In accordance with this, some adjectives 
in connection with certain nouns have very 
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different meanings, according as they come 
before or after the noun. This is particularly 
the case in connection with homme .* 

Un bon homme, a simple, good-natured, man ; 
un homme bon, a kind-hearted, charitable man ; 
un brave homme, a worthy man ; un homme 
brave, a courageous man ; un 'jmuvre homme, 
a man of mean capacity ; un homme pauvre, 
a man in poor circumstances ; un galant homme, 
a chivalrous man ; un hoynme galant, a man 
attentive to ladies ; un honnCte homme, an 
honourable man ; un homme hemnete, a polite 
man ; un cruel homme, a disagreeable man ; 
un homyne cruel, a cruel, inhuman man. 

Exercise VIII. 

1. The young man’s sister has pretty little 
children. 

2. The old houses have large gardens. 

3. 'I’he month of December {decembre) is 
the last month of the year. 

4. He bought (has bought, achete) an ugly, big 
dog last week. 

i>. They live {demeurent) in a large white house* 
near the ruined {mine) castle (chateau). 

6. There arc tw'o round tables in the little 
square room. 

7. Have you any red ink ? 

8. No ; but I have some black ink and some 
blue ink. 

9. The French language is a romance (romane) 
language. 

It). Spain (VEspagne) is a Catholic country ; 
England and Scotland (VKcosse) are Protestant 
countries. 

11. 'Phe child took (prit) tlie money (argent) 
with (de) a trembling hmd. 

12. The old church is near the public park. 

13. The French clergyman is a very intelli- 
gent and very learned man. 

14. There arc no infullibli; remedies. 

1.^ A w'orthy man is not always (toujour s) 
a courageous man. 

16. A rich man may (pent) be a man of mean 
capacity. 

17. A broad (large) and deep (profond) ditch 
(fosse, m.) protects (defend) the approach (ap- 
proche) of the old castle. 

18. Paris is a large and handsome city. 

19. They have met with (rencontre) insur- 
mountable (insurmontable) difficulties (difficulte). 

20. We have spoken to a very amiable young 
man. 

DEGREES OF COMPARISON 

1. There are three degrees of comparison : 
the positive (le positif), the comparative (U 
cjomparatif), and the superlative (le superlatif). 
The positive is the adjective in its simple form— 
bon, petit, manvais. 

2. The Comparative. There are three 
forms of the comparative : (a) the comparativo 
of superiority, (6) the comparative of inferiority » 
and (c) the comparative of equality. 
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: (o) The comparative of superiority is formed 
by putting filvsy more, before the positive, and 
gwe, than, after it : Le chien est plus grand que 
le chat, the dog is bigger than the cat. 

(6) The comparative of inferiority is formed 
by putting moins, less, before the positive 
and que, than, after it : Le chat est moins grand 
que le chien, the cat is less big than the dog. 

(c) The comparative of equality is formed by 
putting aussi, as, before the positive and que, 
as, after it : Le chat est aussi grand que le chien, 
the cat is as big as the dog. 

When the comparative of equality is used in 
a negative sentence si may take the place of 
aussi ; Le chat n'est pas si grand que le chien, 
the cat is not so big as the dog. 

8. The Superlative. Iherc are two kinds 
of superlative — (a) the relative superlative, and 
(6) the absolute superlative. 

(a) The relative superlative is that which, be- 
sides expressing a quality in the highest or lowest 
degree, indicates a comparison between that 
quality in one object, or class of objects, and the 
same quality in another object, or class of objects. 

The relative superlative may be a superlative 
either of superiority or of inferiority. 

The superlative of superiority is formed by 
putting the definite article le, la, or les before 
the comparative of superiority: L'Hephard est 
le plus fort des aniynaux, the elepliant is the 
strongest of animals ; elle est la moins jolie des 
trois sfjsurs, she is the least pretty of the three 
sisters. 

When the superlative is preceded by a 
j)()sscssive adjective, the article is left out; 
Mon plus beau tableau, my finest picture. 

When the superlative adjective comes im- 
mediately after the noun, two articles are 
required — one before the noun, the other before 
the superlative : Les animaux les plus feroces, 
fhtj most ferocious animals ; les hommes les 
moins intelligents, the least intelligent men. 

In this construction when there is a posses- 
sive it takes the place of the first article 
only : Mes el^ves les plus avanch, my most 
advanced pupils. When there is a preposi- 
tion before the superlative it affects the 
first article only ; The opinion of the most 
intelligent men, Vopinion des hommes les plus 
intelligents. 

The preposition “ in,” which frequently 
follows the superlative in English, is rendered by 
de in French : The most beautiful flower in the 
garden, la plus belle fleur du jardin. 

The English rule with regard to the use of 
the comparative when only two objects are 
compared, and of the superlative when more 
than two are compared, is unknown in French ; 
The taller of the two, le plus grand des deux ; 
the tallest of the thrive, plus grand des trois. 

“ M6re than,” “ less than ” before a numeral 
do not necessarily imply a comparison, but only 
excess or want. In that case they are expressed 
by plus de, moins de : He has more than three 
ftunos, il a plus de trois franxs. When there is 
a real comparison, in which case the verb is 
understood after the numeral, “ than ” is 
rendered by que : Two dogs eat more than four 
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cats (eat), deux chiens mangent plus que quatre 
chats. 

(b) The absolute superlative is that which 
carries the quality of an object to the highest 
(or lowest) degree, but does not imply a com- 

arison with any other object. It is formed 
y putting some such word as tr^s, very ; bien, 
very ; fort, greatly ; extremement, exceedingly, 
etc.,"l)efore the adjective. Le plus, most, and 
le moins, least, may also be used absolutely ; 
but, in that case, the definite article le is in- 
variable. 

4. Irregular Comparisons. (a) The 

adjective hon, good, is compared irregularly : 
bon, good ; meilleur, better ; le meilleur, best. 

(6) Petit, small, has both a regular and an 
irregular comparison : petit, small ; plus petit, 
smaller ; le phis petit, smallest ; and also petit, 
small or little ; moindre, less ; le moindre, least. 
The regular form is used to express size : le plus 
petit des enfants, the smallest of tlui children. 
The irregular form is more commonly used with 
reference to importance, value, etc. : le moindre 
soup^m, the least suspicion. 

(c) Mauvais, bad, has both a regular and an 
irregular comparison : mauvais, bad ; plus 
mauvais, worse ; le plus mauvais, worst ; and 
also, mauvais, bad ; pire, worse ; le pire, worst. 
The regular form indicates the actual badness 
of an object : La biere est plus mautmse que le 
vin, the beer is worse {i.e., of worse quality) 
than the wine. The irregular form refers more 
particularly to evil effects, unpleasant conse- 
quences, etc. Thus, to express the bad results 
of over-indulgence in beer and wine respectively, 
it might bo said : la Mere est pire que le vin, 
beer is worse than wine. 

5. Irregular Adverbs. In English these 
forms of comparison are used both as adjectives 
and adverbs, thus ; His writing is better than 
mine, and. He writes better than I. In French, 
the two parts of speech are different, and must 
be carefully distinguished from one another : 

Adjective : Bon, good ; meilleur, better ; 
le meilleur, best ; 

Adverb : Bien, well ; mieux, better ; le 
mieux, best. 

Adjective : Petit, little ; moindre, less ; h 
moindre, least ; 

Adverb : Peu, little ; moins, less ; le moins, 
least. 

Adjective : Mauvais, bad ; pire, worse ; 
le pire, worst ; 

Adverb : Mai, badly ; pis, worse ; le pis, 
worst. 

Mai has also the regular forms plus null, le 
plus mol. 

Exercise IX. 

1. The horse is bigger than the ass (dne), as 
big as the ox (boeuf), and less big than the 
elephant. » 

2. Cats are not so faithful (fdUe) as dogs. 

8. The tiger is the most ferocious of animals. 

4. My finest pictures and my best books are 
not here (id). 
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5. Hero is the best known (connu) of Dumas’ 
novels (roman, m). 

6. He lives in the smallest house in the 
village (village, m). 

7. The least difficulty discourages (dhourage) 
lazy ('jxtreJiseux) pupils. 

8 . Ho has spent (passe) more than three 
months in France. 

9. Three cals oat less than two dogs. 

10. The wolf has eaten (rmnge) more than 
three slu^ep. 

11. Cold is less useful than iron ; gold is the 
most precious (pricieux), but iron is the most 
useful of metals. 

12. The highest (Heve) mountain (montagne,f.) 
in Scotland is (has) more than four thousand 
(quatre rnille) feet. 

13. There is ono of the most intelligent pupils 
in the class. 

14. The prettier of the two sisters is not the 
more amiable. 

15. Tho most bitter fruits are often the most 
wholesome (sain). 

16. Tiio remedy is often worse than tlie evil 
(mal, m.). 

17. Doctors (me.decin) are more useful than 
barristers (avocat). 

18. We have (one has — on a) often ne(‘d of 
one smaller than ourselves (oneself — soi). 

Kky to Exercise VI. (page 1314). . 

Jo regarde par la fenetro. Devant la fenetn^ 
il y a iin grand jardin. Dans le jardin il y a 
dt^s arbns. J*armi les arbres il y a un bel 
aubour, un joli Idas, uno auh(*pin(\ une yeuso 
et un sorbier. 11 y a aussi do grands lauriers. 
11s sont toujours verts, L’yeuse aussi est 
toil jours vorte. En automne lo sorbier a des 
baies. Elies sont rouges. En hiver lo houx 
a des baies aussi. Ixs feu il les du houx sont 
luisantes et piquantes. Au printemps le houx 
et lo sorbier n’ont pas de baies. Au dcla des 
arbres je vois un pont. Sous le pont il y a une 
petite rivk^re. L’eau de la riviere est fraiehe 
et elairo. Au dela du pont il y a une large rue. 
La rue a deux trottoirs. Au bord des trottoirs 
il y a des r^verbdres. Dans la me il y a 
j)lusieurs personnes. Elies marchent sur le trot- 
toir. Une des personnes est i;n facUmr. II a 
un sac plein de lettrcs. Il y a aussi uno 
voituro et un chcval. Il n*y a pas de char- 
rette. Au bout de la rue il y a une eglise. 
Elle a un beau clochor. Le clochor est haut. 
Il a une girouette. L’6gliso n’est pas vieille. 


elle est nouvelle. De la fendtre je vais k la 
table. Je prends un petit livre. La oouverturo 
du livre est bleue. Dans le livre il y a de 
jolies gravures. Une des gravures roprosentc 
uno fermc. Jji ferme est dans une grande cour. 
Elle a une ecurie et une etable. Dans ratable 
il y a des vaches. La vache donno du lait. 
L’oeurie est la maison du cheval. L’ecuric 
n’est pa.s un grand batiment. Dans J’^curio 
il y a un jeune chcval et uno vieille jumont. 

Prds de la ferine il y a un pr6. Dans le 
pre il y a des brebis. Une petite fille garde les 
brebis. La brebis donne de la laine. La lainc* 
de la brebis est utile k rhornme. Derridre la 
ferme il y a un verger. Dans lo verger il y a 
des pommiors, des poiriers et des cerisiers. Li‘h 
pommes sont le fruit du pt mmier. Les pommes 
semt bonnes quand ellrssont mures. Ixs cerises 
sont lo fruit du ccrisier. Elies sont douces. Lt^s 
])oire.s sont savoureuses. J’aime la campagne. 
En ete je vais a la campagne. J’ai une ixitito 
maison sur une colline agroable. Elle est 
l)laneho. Les contrevents sont verts. I^e toit 
est do ehaum^. Elio est propro et gaie. A la 
campagne rexercico donno un nouvel appetit. 

I.<ii faim est ‘ une bonne cuisiniere. Lc^s mets 
sont iins. Ix^s repas sont des festins. En hiver 
3c n’aimt' pas la campagne. Elle est nue et 
triste. Les arbres n’ont pas de fcuillcs. Il y a 
dc la ncige sur la torro. En hiver j’aimo la 
ville. 

Key to Exercise VII. (page 1315). 

1. Voila dc beaux livres. 

2. Les enfants sont polis. 

3. Vous avez de belles oranges. 

4. IjCs bateaux ont des gouvernails. 

6, IjCs peehes et les abricots ont des noyaux. 

6. Nous avons donn6 des prix aux el6ves. 

7. Les portes n’ont pas de verrous. 

8. Les joujoux des enfants sont casses. 

9. Les bijoux de la princesse ont coClte des 
prix foils. 

10. 11 y a des ehoux dans lo jardin. 

1 1 Iaks bergers gardeiit les troupoaux. 

12. Les ehevaux sont des animaux utiles. 

1.3*. 11 n’y a pas de chacals en Angloterre. 

14. I..es eglises ont de beaux vitraux. 

L5. Les gene rail X ont des aieux nobles. 

10. Nous n’avons pas bosoin d’oventails. 

17. Les petites filles ont les yeux bleiis. 

18. Ils ont donne plusieurs bals. 

19. La voute des cieux est parsem^o d’etoiles, 

20. IjCs travaux des hommes sont p6rissables. 


Continued 


I GERMAN By P. G. KONODY and pr. OSTEN 


Inflections of Weak Verbs 

XIII. In the iMPEfiFECT a weak verb 
[see X.] takes the following inflections : 

Indicative , 

Singular 

1. sfteorde i(3^ lobde I praised 

2. t e fl or d e fl bu (obdefl thou praisedst 

3. ctit or d e et foBde he praised 


Flu) al 

1. .'ften or den uni Icbden we praised 

2. 'f tet or dft iht lob let you „ 

3. jctenorden fie lobden they „ 

1. Tho inflections of the subjunctive are 
identical with those of the indicative. 

2. The first -e of the inflections -ete, -etejl, etc. 
is generally dropped, but retained for 
euphohy’jisake in verbs with stems ending 
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in -b, •«, -t: likeibab-en, io bathe: 

atbtujcn/to breathe; foften, to cost or to 
taste; toart-en, to wait; (1. sing, ici^ bab-ete; 

2. bu atbmet-fjt ; 3. frfoft-ete; 1. plur, mir 
wart-ctcn, etc. ). For the same reason the 
first e of the inflections is sometimes 
dropped, sometimes retained, in verbs with 
stems ending in -it. Thus it is dropped in 
abn-cn, to forebode; gat)n-en, to yawn; 
Icrn-en, to learn, etc., and retained in 
effn-en, to open ; rc(bn-cn, to reckon ; geidbn-en, 
to draw or design. (1. sing, icb abn-te; 
2. bu gabit-tcjl ; 3. cr fern-te ; but 1. plur, 
\m cffn-ctcn ; 2. ibr reebn-etet ; 3. fte ,;;eicbn-cten). 

3. The Imperfect is the distinguishing trait 
of the weak and strong conjugations 
[see X^]. Weak verbs form this tense 
by taking suffixes, strong verba by 
changing the stem vowel. Oleben (stem : 
rcb-) and fprccbcii (stem : fpreeb-)— either of 
which signifies, to speak — form the imper- 
fect: id) reb-etc (weak) I spoke, and icb 
fvriicb (strong) I spoke, the latter merely 
changing the stem vowel c into a. 


XIV, 1. The Past Participle of Weak 
Verbs is generally formed by the prefix 
and the suffice -t or -ct. 

The prefix cannot be added- to verbs of 
foreign origin, like the extensive grouj) of verbs 
ending in -iren (abbi'rcn, to add up ; citrven, to 
(juoto ; and to verbs with unstressed first syll- 
ables (such as those with the prefixes be-, emp-, 
enf-, CV-, v^e-, ucr-, ^er-). 

Examples ; Icb-cn, ^e-(cb-t ; Icrn-cu (to learn), 
i^edevu-t ; bcc\ru'fien, (to greet), be^viip-t ; erfauben, 
to permit, allow), erlaub-t ; and so on. 


2 The Present Participle of all German 
verbs is formed by the sutix -mb : feb-enb, 
praising; Icrn-ciib, learning; vfb-cub, fpreeb-enb, 
speaking ; and so on. 


Note. The Prooressive Form (auxiliary 
verb and participle present) is never used in 
German. “I am coming” is expressed by 
^id) femme" (1 come), never by „id) bin fcmmcivb" ; 
“1 was learning,” „icb Icrntc" (I learned), riever 
„icb trar Icrnenb". 


3. The Imperative (mood of command, desire, 
and wish) is formed in the weak conjugation by 
the suffixes -e (sing.) and -cf or -t (plur.). 

Si ) ■»”' 

civil address (ob-en ®ie! lem-cn 8ie! 


The suffix -e in tho sing, and the flectivo c in the 
second person plur. can in some cases be omitted, 
but not in verbs with stems ending in b or t, e.g., 
bab-cl bab-etl, bathe!; reb-e! vcb-etl, speak! 

For the sake of emphasis the personal pronoun 
is sometimes added, either before or after the 
verb: {Dn, leme! or genie bu! — 3b^f leniet! or 
Fernet ibv ! 

4. As in English, the imperative for the first 
and third ^rson is formed with tho help of 
auxiliary verbs. There are either auxiliary verbs 
of tense (fefn, b?bfn, iwrben), or of mood fc(f-en, 
Of) foil (I am to) ; meg-en, icb wag (I may) ; wujfen, 


lO t)i» 


must ; Weff-en, icb Wiff (I will, I want to, I wish to) ; 
laff-en (to lot, to allow, to permit, etc,). They are 
used in the indicative and conjunctive moods, 
the subject either preceding or following tht 
finite verb. 

Examples : <Scien miv ftlucfUcb ! — Let us be 
happy ! aWbi^c [pres, conj.] iib (et) gfucflicb feiu ! ■— 
May 1 (ho) be happy! 3)lao; ct fommen! — May 
he come (let him come !) untf feiu ! — 
Lotus bo diligent! 3b^ fcKt (mubt) levucn! — 
You ought to (must) learn! merbe Siebt! — 
Let thcro bo light! (Sr Icbe! — May ho live! 
^oebte c<5 ibm c(clin(;cn! — May he succeed with 
it ! (lit. : May it him succeed). 

5. Tho auxiliary verbs of mood; miSviL may, 
and laffeu, lot, and tho conjunctive forms are 
used where tho imperative expreasos a wish, 
desire, or hope; whilst the indicative denoU^s 
command. To distinguish this indicative of 
command from tho indicative of the ordinary 
statement, tho sequence of words in the former 
case is the same as in a sentence of question 
[see IX.]: et fommen! May he come 

(let him come!) but: (St maij fommeit, ho may 
come. 

XV. 1. Prepositions. Tho German preposi- 
tions govern either tho genitive (2). the dative (3), 
or the accusative (4), or in some cases the two 
latter alternately, whilst a few govern the genitive 
and dative alternately. Examples (the governed 
ease is indicated by the figures in brackets) : 
ftatr, ariflatt (2), instead of; mci^en (2), on account 
of, because of; aiut (3), out of, from; bet (3), 
near, about, with, at, by; mit(3), with ; iiad) (3), 
after, to, for; von (3), from, of; pi (3), to, at, by; 
fur (4), for ; c^e^cn (4), against, towards ; ol)nc (4), 
without ; bur(b (4), through, by ; urn (4), around, 
about, for. The exact employment of these 
pn^positions must be learnt by pratdice. What 
the student has to commit to memory is tho 
case governed by each. 

The pixqjositions governing two cases will bo 
treated subsequently. 

Examples ; (^rvebete jlatt (2) mcincr — he spoko 
instead of me. 3cb fomme ive^^cn (2) bed <Scbulero — 
I come on account of tho scholar. 'ILUr fommen 
anet(3) bem C^avtfii — wo come from the garden. 
3cb RHir wit (H) bem T^ater — I was with tho father. 

fommt nad; (3) 3bnen — he comes after you. 

ijl fur (4) bai3 .ft'inb — it is for the child. Sit 
ffiphen c^cvpn (4) ben ^Dinb — we sailed against tho 
wind. ($t arbeitetc obne (4) micb — ho worked 
without mo. Sir wanberten bnrd) (4) ben SBafb -- 
wo walked through the forest. 

XVI. 1. The Strong Declen.sion [see V. and 
VI.] is chiefly taken by the masculine, the majo- 
rity of the neuter, and a few feminine nouns 
ending -0, -ff, -t (bie 3Wan^, the mouse ; bie 9hiji, the 
nut ; bic itnnil, the art ; bie !8vaut, the bride ; etc.) 
-ni« and -fal (vie .fiteimfnic, the knowledge ; bie 
Xrubfal, the affliction ; etc.) As the nouns of 
feminine gender remain unaltered in tho singular 
of both the strong and tho weak declension, the 
formation of tho plural provides the only clue 
as to the group to which they belong. The 
feminines of the strong declension, except 
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those ending in -nia and -fat modify the vowel 
in the plural. 

2. The characteristic feature of the strong 
declension of masculine and neuter nouns [see 
VI.] is the suffix or in the genitive. 
The inflection is taken by nouns 

(а) ending in an unstressed -f, 

(б) ending in the unstressed syllabic -f(, -cm, 
-fit, or -cv, 

(c) some substantives of foreign origin, 

(d) all diminutives 

Examples: (a) ®cnu4'bf, bccf (^oircfbc-t^ 
(vault) ; (h) ber Mattel, M Mattel-?, (saddle) ; tev 
Vltbcm, bee iHtfjcm-^, (breath) ; ber SDiai^cn, bee 3.11ai^cn-i\ 
(stomach) ; bev Sifd'cv-e, (fisherman) ; 

(c) bae l^cntir, bciS 'I^cntil-e, (valve) ; bev iXcnoi', 
bee Iciiov-e (the tenor); (d) bae 'IhVtcvd'cii, bee 
i^ittcvdKn-c*. 

3. All other strong substantivos take -ee in 
the genitive, but the e is sometimes dropped in 
nouns that do not have the stress on the last 
syllable — e.gr., ber .Hohuv bee .ticiiiiv^^ (king); bev 
91'bfiib, bee Vlbeub-e, (evening); ber 'ivaf)intd', betf 
5val)iirid)*^ (ensignh but bev SJIann, bfe< 3Jlaini-fei. 
Nouns with stressed final syllables ending in c 
drop the flective e for reasons- of eujdumy : bev 

bee< JUee-ci, (clover) ; bap.knie, bee* .Uiiie-^, (knee). 
The flective e can also be dropped in the dative, 
of nouns ending in hissing sounds ff, fds \): 
bae 01rae< (grass), bee (^ivaf-et\ bem (Mvaf-e or bem (Mrae ; 
ber RluS (river), bee« {sluff-e‘:<, bem ivluf[-e or bem 
5Ui^ ; bev 'ilibmfd) (wish, desire), bcb "hbrnid'-eb, 
bem 'hbmfd)-c or bem 'hbuifd); bev (dance), 
be^ bem Jlqu^-c or bem Taii^. 

XVII. The Possessive Pronouns are: 
mein, my; bcin, thy; fein, his; ibr, her; fein, its; 
unfer, our; cuev, your; ifjv, their; each with three 
genders and a uniform plural for all the three 

genders. Tho suffixes shown in the following 
table serve for all i^ossessivc pronouns; 

Singular 


1. 

mein 

(to.) 

mcin-c (/.) 

mein (n.) 

2. 

mciu-fCi 


mcin-cr 

mcin-cc( 

3. 

mein -cm 


mciii-ct 

mein -cm 

4. 

mcin-cn 

. 

mcin-c 

mein 




Plural 




1. 

mcin-c 




2. 

mcin-cr 




3. 

mcin-cn 




4. 

mcin-c 



1. The declensivc c (or the radical e) is some- 
times dropped in the declension of luif-c-i and 
eu-c-r : unf(c)v-ct^ or unfcv-(f )? ; fu(c)v-fc( or ciifr-(c)k^ ; 
imf(c)r-cm or imfc r-(c)m ; fii(f)v-fm or fucv-(c)m ; etc. 

2 Tho possessive pronoun agrees in gender, 
number and case with tho substantive, when it 
precedes this substantive (as attributive adjec- 
tive); mein $ut, my hat; iciu-c iIBcfte, your waist- 
coat; fein ^emb, his shirt; bev J&iit mcin-ce plater#, 
mein-er SWiiffcr, mein-f6 .ftinbe^, the hat of my 
father, of my mother, of my child. , 

3. The third person fein (w. and w.) his, and 
t^r (/.) her, agrees in gender with the substan- 
tive which it 8ubBtituteB» but in number aud 


case with tho noun it precedes ; for instance 
ber liebt fcin^ttcii @ol)n itnb fciiije Xcdjter, 
the king loves his son and his daughters. 

Exercise 1. (a) Form tho present and past 
participles of the following verbs, after having 
ascertained the stem: 

a^itfit, arbfitfii, at^mcn, babeu, 
to forebode, to work,, to breathe, to bathe, 

bfqriijien, boldcf^dn, erlauben, 

to greet, to smile at, upon, to allow, 

fvj^dbtcn, futp'icfcn, crrdtf)cn, 

to narrate, to charm (ravish), to blush, 

(irffnen, qdfptcn, qel^orcbcii, qfmdbrcn, 

to open (inaugurate), to yawn, to obey, to grant, 

banbclit, baffeii, foftcii, (dutcii, 

to act, to hate, to taste, to cost, to ring, 

lifbfii, Icbcn, ffnicn, laiifcfjcii, tdrfjclii, 
to love, to praise, to learn, to listen, to smile, 

cffiun, raii<bf»r vcd^nfii, 

to open, to smoke, to reckon, lo calculate, 
veben, vfgicrcn, rcjlcii, faqciu feqeln, 
to talk, speak, to govern, to roast, to say, to sail, 
f(l)ualjen, fpiclcn, 

to smack [one’s tongue] to play, to gamble. 

tlincn, • mfviflen, 

to disturb, to refuse, to lose [at play], 

^dblen, j^ciebnen, j;cvffiufn. 
to count, to draw, to destroy. 

(b) Insert tho missing imperatives ; 

(sing.) bic 9liifqabf ! (pi .) . ...... ben SBatcr ! 

Learn the lesson ! Greet tho father ! 

(s.) bie Tliiiv! (pi.) nt^iq! 

Open the door ! Be quiet ! 

(s.) bftcii ! (pi.) . . . . ! (s.) bic ®(cfff ! 

Let us pray! Pray I Ring tho bell! 

(conj. pres, of to he) mir viiljtq ! 

Lot us be quiet ! 

Exercise 2. Insert the missing substantives 
and pronouns in the cases required by the pre- 
positions. 

!!Die 3Jliitfcv femmt (latt 

The mother comes instead of the father. 

39iv mauberteu mit buvd) 

We walked with the children through the wood. 

(5’v vcifle qcqcn M Dnfcloi 

He travelled against the wish of tho undo 

mecifii. (Sv fommt au^ 

on account of the aunt. He comes from the south 

iinb briiu^t ®cfd;cnfc fur . . . , fur . . . imb fur • 

and brings presents for me, for him and for the girl. 
X'er Vcl)rcr Icbtc un^ .... ^Iriifunq 

The teacher praised us difter the examination. 

(S‘r fommt nad) o^nc 

Ho comes after [the] dinner without a guide 

bur^ ^lUr beteten fur 

through the forest. We prayed for the unde 

uub fur uac^i .... ??rcbiqt (/ ) 

and for the aunt after the sermon. 

3d) ^brte cine ffiebc flatt 

I heard a speech instead of a song. 


OonHnued 
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GROUP 22-DRESS AND HOUSEKEEPlNfl • THE WOMAN AT HOME -CHA PTER 1 1 

• Drafting and Cutting a Chesterfield Overcoat. Four Styies of Vests. 

Cutting Materlai from the Cioth. Trimmings. Hints on Making 

OVERCOATS AND WAISTCOATS 


Overcoats. The most popular stylo of 
overcoat is the Chostorfield, and we show how 
to cut this in two styles — the “fly” front and 
the “double-breasted.” Overcoats, of course, 
require larger shoulders and larger body parts 
than the ordinary suit coat, as well as extra 
spring over the hips. This is provided for by 
increasing the front and over shoulder measures 
J in., allowing an extra inch a side for making 
up and adding about 1 in. more spring at the 
hips. In order to make this clear we give the 
system complete. 

Draw lines at right angles to 0 [22]. 0 to 3, 

J s’cye depth ; 0 to 9, depth of scye ; 0 to 
17i, natural waist length plus J in. ; 17i to 
294, from 9 to 12 in. ; 0 to 42J, full length plus 
^ in. Square lines at right angles to these points. 
174 to 4 is 4 in. 

Draw back seam from* 0 through .V to 29 J. 
Mark back from 294* 14 in., and draw line fromO 
through it to bottom. 0 to 3, one-twelfth breast ; 
3 to J, f in. 2 in. below 3 mark off the width 



of back plus J in., and curve out to J. Draw 
shoulder seam from J to J ; 4 ^ chest 

plus 34 in ; 21 J to 132, 1^^'^ across chest plus 
I in. ; 13 J to 192 is always 0 in. 

19| to 2 is 2 in., more for stooping figures 
and less for erect. Square up from 132 2 in 

the direction of C. 132 to C front shoulder 
length, plus 2 less 0 to 3 of the back. 132 to B 
the over shoulder measure, plus 2 less 4 to A 
of the back ; C to B, 4 in. less than back shoulder. 

Shape scye by those xjoints, dropping it 4 in, 
below lino 0 ; 4 to 74 is about one-sixth breast 
plus 1 in. Square down from 7 J and continue up 
into biU'k scye ; 74 to 84 is Mo 1 4 in. according 
to the closeness of the fit desired. 84 to M is 
Gin. M to N, 1 to 2 in., according to the amount 
of spring desired. 

Square down-by 8 [ and N and add on 4 in. of 
round. Take out a lish under the arm of about 

1 in. 

When this is omitted reduce the back as per 
dot-and-dash lino at P. 

C to D, one-tw'elfth breast ; D to E, the same 
quantity. Draw breast line from D through 21 J. 

]\rake waist to measure, plus 34 in. ; add on 

2 to 24 in. in front of breast lino and com- 
plete as shown. Drop fore part J in. at J. 

Eor double-breasted fronts add on 34 in. in 
front of breast lino and complete as per dot-and- 
dash line. Shape lapel at F G to taste. 

J.ocate pockets as shoAvn — ticket pocket on 
w'aist level and the front level with the front 
of hip pocket. Hip pocket 4 in. below waist. 
The centn> of the pocket is X, and this is midway 
between side seam and breast liD(\ Size of ticket 
pocket flap, 4 by 2 ; hip jiocket flap, 7} by 24 . 

The system for cutting the sleeve is the same as 
describi'd for (Mitting the lounge jacket, but the 
mofisure from 2 to the depth of scye line must bo 
measured to the true level of the bottom of tho 
scye. Tho width at elbow and cuff must bo 
increased by fully 4 in. 

Waistcoats. Several of the measures taken 
for the coat are used also for the vest, with 
the addition of a measure taken from tho back 
nock A [24] to the opening B and on to tho 
full length C. The chest and waist measures 
illustrated in this figure at D and E are the 
same as for the coat. From the .sectional 
measures taken for tho coat we make these 
deductions. Front and over slu)uld(*r measures 
4 in., across chest 4 in. 

The Back. Draw lines at right angles to 0 
[23a] ; 0 to 9, scye depth ; 0 to 17, natural 
waist length ; 17 to 1? 1 in. ; draw line from 0. 

From 1 mark in J in., and draw back seam 
0, 4 to J ; 0 to 2J, one-twelfth breast less 4 in. ; 
24 to J, f m. Make 4 a pivot and sweep from 


DRESSMAKING. MILLINERY.TAILORING, DOMESTIC MANAGEMENT, COOKERY, UUNDRY 
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0 to A. Make width of shoulder 
one-cighth of breast plus J in. ; 

! to lOJ is J of breast plus | in. ; 
to lOJ is J of waist plus J in. 

Draw back scye and side seam« 
leaving the length of back to be- 
adjusted after the fore part has 
been cut. 

The Fore Part. Draw lines at 
right angles to 0 ; 0 to 8, the dis- 
tance between depth of scye and 
natural waist ; 8 to 1, 1 in. for all 
sizes. Draw side seam. 0 to 9J, 

J of breast plus J in. ; to 2|, 
the width across chest (the J in. 
having been deducted as before 
stated); to 8J, in. (always); 

8i to 2, 2 in. (less for erect, more 
for stoof)ing figures). Square by 
2J and 2 up to C ; 2^ to C, the 
front shoulder measure less the 
width of back neck ; 2^ to B, the 
over-shoulder measure less J in., 
to A of the back, J in. having been 
deducted from’ each ; C to B a i rifle 
less than back shoulder ; C to E and 
C to F, one-twolflh of breast less ^ in. 

Draw breast-line from E, through 
9J, to hollow. Shape scye from B 
to 0 ; 1 to 9J- is J of wiiist plus 
} in. Add J in. for button stand 
beyond 9J. 

Measure off the length to opening 
from C to breast-line, having first 
deducted the width of back neck. 

Continue on to I the full length, 
allowing J in. for seams. Place one 
arm of the square on C, and the 
other on I, with the angle at side 
seam, and draw the run of the 
bottom of vest. Complete back 
length to harmonise with fore part. 

The style shown in this diagram is a “ no 
collar vest,” and for such the neck is filled up 
} in. at C, which means that the stand of the 
collar is cut on to the neck. The pockets are 
placed on the level of waist about 5 by J in., 
and are kept about 1 in. in front of the side seam. 
The watch po(;ket Is put about 5 in. above the 
other, and is made about II J by J in. to slope up. 
The usual number of buttons placed up the 
front is six. 

Step Collar Vest. The cutting of this 
fore part is identical with the preceding one, 
except at the neck, which has the neck cut 
down, as from C, to a little below F, the part 
above C being arranged in harmony with the 
8hy)e of the lapel desired [2Zb]. 

'niE Cougar. B, J in. above top button- 
hole [23c] ; X is f in. up from hollow of gorge. 
Draw line from B through X to A. A to D, 
depth of fall ; D to C, depth of stand ; C to E, 
depth of fall. Length of collar, sufficient to go 
round the back neck. The facing and collar 
cover are usually cut in one piece, as indicated 
by dotted line E F G. 

Double-breasted Vest. Similar to fore 
part Diagram b, but with an extra amount 
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added for overlap, a.H from 9J to H and 25 to 1, 
adding, say, 2^ in. at H and 1 J at T [23dJ. Curve 
up the bottom slightly, as from 25 to I. Shape 
the Japel to taste at F G, or the neck may be 
cut down to the dot-and-dash line, and the 
upper part filled in with silesia. The collar for 
the double-breasted vest is shown on Diagram c, 
except that the shape at F G is different ; 
that, however, is quite a matter of tasU?. B 
is J in. above the top button ; X to f in. 
from 1. 

Draw lino from B through X to A. A to D, 
depth of fall ; D to C, depth of stand ; C to E, 
depth of fall. Let collar overlap gorge J in. 
at F, and let G touch the top of lapel. 

Dress Vesf. Similar to 23a, with the neck 
filled up as for “ no collar.” F is the opening * 
mark back from breast-line 2J to 3 in., and 
draw line up to } in. front of C ; fill in the 
corners | in., and shape opening to taste [23/]. 

The collar for this is cut the same shape as 
the. opening from C to F. The shape imparted 
at G is a matter of taste. 

Sleeve Vests. Back and fore part as 23a, 
but with the shoulder made one-sixth of the breast, 
and the scye filled in as dot-and-dash line^ 
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The Si.EEVB [23^]. Mark sleeve pitches ; reckoned lo the yard, that being the universal 
l:)ack, 2 in. down from shoulder point ; front, standard adopted by woollen merchants. 

J in. up from bottom of scye. Draw lines at Trimmings. . The following trimmings are 
right angles to 0 ; 0 to J in. ; j .to 5, back required : J yd. of canvas, J yd. of silesia — to 

pitch to depth of scye line. match — for pockets, striped sleeve lining to 

0 to 9, size of top scye between the two length of suicve, 5 or 0 in. of linen, lining 
pitches, with the shoulder scam put in a closing according to garment, buttons, twist, silk, 
position. 0 to 4^, half 0 to 9. Shape sleeve coat-hanger, stay, tapes, eUi. These are gencr- 
head as illustrated. Measure off length to elbow ally rolled up in the canvas and tied with 
and cuff from 9 to 9 and 5J. Hollow elbow the stay tajDe. The ticket containing the in- 
2 in. at forearm ; make sleeve width of elbow one- structions to the workman is made out, and 

sixth breast plus 1 in., and cuff one-.-ixth breast the garment handed over to be made up. 

less J in. ; raise forearm at cuff in. 5 to 8 is Hints on Making. The garment is usually 
the size of the underscye between the two pitches. unrolled and the ticket studied as a preliminary. 

The undersleeve must not be “ hollowed.^’ the trimmings are cliecked off, and the marking 

Making Up. The welt pockete are put in threads put in, and then the shoulders are 
in the same manner as for a coat, the ends tacked manipulated by the iron. The shoulder is 
to stays as shown at B and K of Diagram 23/i. folded over down the middles and moistened with 
J shows the lower pocket, C the watch pocket, clean water, and the iron worked bachw'ards and 

Q and P front tackings of the pockets through forw'ards so as to form a hollow 125i]. This will 

the canvas. D shows the canvas, and it will result in stretching the gt)rge and the front of 
be noticed that a V of the same material has shoulder, and shrinking the hollow of the shoulder, 
been inserted at the should(;r to impart form. Now haste a strip of linen across the batrk of 

F G II 1 shows the stay tape put round the the pock(?t mouth, as shown in Diagram 25/, 
edges to steady it and to draw it in a little at and later put another strip to go from the end 

G and H. E and A show the scye turned of the pocket nioutli into the side seam, as B. A 

over. should, of ^’ourse, go on the straight, and B on 

Diagram 23i shows the next step, the facings the angle, the threads of the linen being arranged 
being sewn on and turned over as illustrated at so as to provide the utmost support. 

N O P Q. This is then seamed, on to the I'ho tiap is then cut to the size and shajHj de- 
canvas. Diagram 23t shows the fore part linings sired, lined and stitched in the same style as the 
being put in ; a fold is put down the shoulder edges are stitched. 1’hen place the flap down 
at A, and the lining is then felled on to the scye on the outside of the fore part, as F B f256], and 
and the facings. Diagram 23fc shows the back on the top of this put a piece of pocketing, as A, 
sewn to the fore part. G to 0 is basted round and then stitch through all the parts at A. 
on' the outside, and B to F along the bottom to Underneath a piece of pocketing has been seamed 
keep it in place for the press. Tim buckle and on to a narrow strip of cloth which, in turn, is 
strap is put on at the waist level and is sown stitched along the bottom of the pocket mouth, 
in with the side seams. The pock(‘t mouth is then cut through between 

The finishing touches may now be given — the two rows of stitching, as shown in Diagram 
such as working the buttonholes, sewing 25c, and (‘.ach of these is th(?n turned in and 

on the buttons, and giving the vest the stitched along the top. Diagram 25d shows the 

final pressing. \m ^ \ turn^ in and stitched, and 25« 

Cutting from the Cloth. Having ^ .shows the flap. The pocket is then stitched 

cut out the patterns, the next step is to lay V round, and the stays are basted on [25a]. 

them down on the cloth so as to take canvas next claims athmtion, 

them out of the cloth as economically yf and, in order lo get the best shape 

as possible, and at the same time to / ^ \ into this, “ V’s ” are inserted at 

arrange them in such a way that they / jo 1 \ neck, shoulder, and scye [see W, 

will not be unduly biasseef, whilst in r \ For tluso slits are made with 

the case of prominently checked o TV \ the scissors at the most suitable 

materials it is necessary to arrange ^ o e / ^ J parts, and then V’s of canvas are 

the corresponding seams to match. f / inserted and opened out. The 

•First arrange the cloth with the } o 'K v/ pocket ends may now be tacked, 
way of the wool (if there is one) edges are then steadied or 

running from right to left, and then V I \ drawn in a little with stay tape, and a 

note if there is any string along the j ] piece of linen is put down each front to 

selvedge, as this usually indicates a ^ ^ \ • take the buttons and holes. A strip of 

damage and has to be avoided. Then iinen is put along the crease row— this 

arrange the various parts on the ** known as a bridle, its obj(‘ct being to 

material, with due allowance for the prevent stretching at that part. The lapel 

necessary inlays. In Diagram 25 ve show in front of this is padded te give it a nice 

how to teke a 36-in.-brea8t lounge suit out of curve, and the fronts are ready for their 

2J yd. of faced material, with all the usual pressing, which should be done before the 

imayB provided and very fair facings. This linings are*put in. 

w praetioally self-explanatory if the student In putting in the linings, it is necessary to 
understands that F is the fly, V F the vest allow extra width to the facings across the 
facing, T F the top flap, etc. 37 in. is shoulders, and to provide a pleat down the centre 
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of the back and under 
the arm, as marked in 
Diagram 26/. The facing 
on the turn must also 
be put on extra long and 
extra wide, so that it 
may lie smoothly when 
the lapel is turned back. 

The shoulder scams are 
sewn, and the collar put 
on, keeping it fair across 
the hack, long in the 
hollow of the gorge, and 
rather short in the front. 

The collar is made up on 
canvas, with the stand 
stitched and the fall 
padded to give it the 
proper curl. To get both 
ends of the collar alike, 
put a seam in the centre 
of back and cut the front 
ends where it joins the 
nock on the straight. 

The outsider collar is 
cut without a seam in 
the back; it is worked 
into shape by the iron, 
and put on long enough 
to cover the inside collar. 

The seams are usually 
drawn togt‘ther. The 
edges are stitched, and 
in doing this it may be 
necessary to turn it at 
the start of the lapel. 

In putting in the 
sleeves, the pitches must 
bo first indicated; this is 
usually done at the time 
of cutting, but in case 
it should be omitted they 
should be located as fol- 
lows : back, 2 in. below 
shoulder seam ; front, 

Lin. up from scye level 
iit front. 

Putting in the 
Sleeve. Start fulness 
at 1 [25/], which is about 

1 in. from shoulder seam, 
and continue it down to 

2 ; from 2 to 3, plain ; then put any fulness there 

may be in the under side at the bottom of scye 3 ; 
keep it rather tight in the neighbourhood of 4, 
and plain up to 5. The sleeve seam is then 

pressed o^xm, the facing serged to it, and the 
sleeve lining felled. I’he remaining touches 
are pressing, buttonholing, buttoning, etc. — 
which we have already described — and the 
garment is finished. Thia gives the outline of 
making a lounge jacket, and the principle is 
similar for other garments. 

When there is a waist seam, tho fulness is 
started just in front of the under-arm seam 
and continued for about 3 or 4 in. in front. 


When silk facings are put on the fronts of 
frock or dress coats, it is usual to omit the 
cloth facing from the under part and merely put 
on a lining of domet, the facing only extending 
underneath the silk far enough to make a neat 
finish. •• 

When garments are made up on the “sub- 
division” principle, they are usually fitted up 
with great care, and nearly every part is sewn by 
machine ; thus the outside collar is sown on to 
the facings and linings, the inside collar to the 
back and the fore part; then all is joined up 
round the edge, and, after the edges have been 
pared, it is turned out of the armhole. 
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GROUP 23-METAL$ & MINERALS AND THEIR MANUFACTURES-CHAPTER 11 


The Production and Uses of Lead. The Romance of Aluminium. 
Antimony. Arsenic* Bismuth, Mercury, and Magnesium. 

LEAD AND ALUMINIUM 


T br important metals here dealt with are two 
of the most interesting. Aluminium has only 
had practical application, as a metal, in recent 
times, and is further peculiar in that it is pro- 
duced industrially by processes quite outside the 
range of general metallurgical practice. Lead is 
one of the oldest metals in human use. Again, 
they represent the limits of weight among com- 
mercial metals. Lead is the heaviest and alu- 
minium the lightest. 

The lesser metals, used mainly for alloys, 
described here are antimony, arsenic, bismuth, 
mercury, and magnesium. 

Lead is one of the oldest metals. As far back^ 
as 878 B.c. a king of Assyria took tribute in galena, 
and this ore was reduced by crude smelting opera- 
tions centuries before that date. Lead used up 
to comparatively recent times was superior to the 
modern metal in colour and durability, owing 
to the presence of a small proportion of silver. 

Properties of Lead. Lead, when pure, is 
a bluish-grey metal, and is soft, plastic, and 
viscous, it can be cut with a knife, and clean 
surfaces can bo welded in the cold by pressure. 
It is almost non-elastic. A wire -j\jth in. in 
diameter breaks under a strain of 30 lb. Lead 
mot with in commerce is practically pure, owing 
in part to the rigid refining it undergoes for the 
recovery of the silver. It is the heaviest of the 
ordinary metals of commerce (S.G. — 11*35). 

According to Fizeau, its coefficient of ex])ansion 
is 0*002948 ; its specific heat is 0*0314 (Reg- 
nault). It melts at 326® C., and contracts on 
solidif 3 dng. A film of oxide is rapidly formed in 
air, but increases very slowly. Pure water by 
itself is without action on lead, but if air bo present 
a hydrated oxide is formed, which is solubk*. 
Further, carbon dioxide, it present, makes this 
process of lead corrosion and solution a con- 
tinuous one by precipitating the hydrate as 
carbonate as it is formed. There is, accordingly, 
danger in the use of lead pipes and tanks for the 
distribution of pure water ; but, fortunately, 
drinking water is rarely chemically pure, and 
generally contains the small proportion of car- 
bonate or sulphate of lime which suffices to pre- 
vent this action. Nitrates and nitrites increase it. 
Lead cisterns and domestic utensils of lead are, 
of course, highly dangerous. Dilute sulphuric 
acid is without action on lead, but when concen- 
trated and heated it forms the sulphate. Dilute 
nitric acid readily dissolves lead. 

Lead Ores. Lead occurs native, and 
mineralogists recognise some sixty ores, but, 
metallurgically, there are only three ores: (1) 
Galena (PbS), containing 86*6 per cent, of lead ; 
(2) Cemaite (PbCO..,), 77*5 per cent. ; and (3) 
AngleaUe (PbS04), per cent. 


Galena is the jirincijial lead ore. It is by far the 
most abui\dant, and is also the chief smelting 
mineral for silver, of which it contains from 0*01 
to 0-3 ])cr cent, as sulphide ( from 3 oz. to 
113 oz. ])er ton). It contains from 83 to 86 per 
cent, of lead, and from 1-3 to 16 per cent, of 
siil 2 )hur. (;}alena occurs in a great many geological 
formations ; its distribution is, in fact, almost 
univ’^crsal. The j)rinci})al mines of the world aro 
those of the South of Spain and of Missouri, 
Utah, and MiHsissi])])i, in the United States. The 
galena mines of Broken Hill, New Sou Hi Wales, 
and of Queensland are worked ehiefiy for their 
silver contents. 

Anglcsite and cerusite are generally found as 
surface deposits in galena mines, and are, in 
fact, atmospheric oxidation ])roducts of galena, 
as may be seen from their chemical composition — 
PbO.SO.; and PbO.CO.j, anglesite being an 
intermediary stage in the production of tho 
carbonate. The (‘arbonato is sometimes found 
crystalline as eciusitc, but more often occurs in 
earthy masses mixed with clay, limestone, iron 
oxide. 'J'he largest mines aro those of Neviula 
and Colorado, in the United States of America, 
where tho ore occurs in ])ocketa in limestone. 
The sulphate (Anglesite, PbSOj) is found in tho 
United Kingdom, the United States, Franco, and 
Germany, but its distribution is limited. It is 
smelted with galena ores. 

The arsenate (Mimetesite, PbCL..3Pb;jAs20g) 
is found in galena veins to a small extent in 
Kngland and Saxony. Flint-glass makers use it. 
British lead and lead-silver ores (principally 
galena) are now mined only in Derbyshire, IHint- 
shire, and tho Isle of Man. 

Treating the Ores. Tho treatment of 
galena is iiractically the treatment of load ores 
in general. Se[)arate processes for other ores aro 
rarely used, and only on a much smaller scale. 
The carbonate and sulphate are forms of the sul- 
phide which have been oxidised slowly by atmo- 
spheric agencies instead of rapidly in the furnace. 

The princijde of pure galena reduction is, 
jierhaps, the simplest of all ore-reducing opera- 
tions. It consists of roasting tho sulphide until 
all tho sulphur is oxidised, leaving the metallio 
leiwl. It is not quite so simple in operation, 
bei^ause galena ore is generally an admixture of 
lead sulphide with iron, copper, and zinc sul- 
phides, zinc and lime carbonates, and silicooiia 
substances. To concentrate the ore for smelting, 
these ingredients, uhich seriously alToct the 
furnace treatment o^ the ore, are removed by 
“ dressing.” This consists of the operations of 
crushing in stairfping mills and 8ei)aratiDg the 
particles a(¥^ording to their gravities, by washing 
in buddies, jiggers, or other separators. 


EMBRACING IRON & STEEL, MINING, QUARRYING, COAL, PETROLEUM, GAS, GOLD 

1456 



40WUt^ «i-MriTALi 


Lead ores are smelted in the reverberatory hearth, 
or blast furnaces. Practically none but galena ores 
with little silica can bo treated in reverberatorics, 
or low-silver ores on hearths, owing to volatilisation 
losses. Blast furnace treatment is successful with 
all ores, but the lead produced is of lower grade than 
that resulting from reverberatory or hearth treat- 
ment, and these treatments are frequently combined 
with blast-furnace smelting. Wet processes do not 
exist commorciaJIy. 

The principal type of lead reverberatorics now 
used are the English, with its modification, the 
Silesian. In the English method, large furnaces, built 
on air-vaults or open underneath to cool the hearth, 
and high temperatures, are em])loyed. A sec I ion 
of the furnace is .shown in 3> The sole is paved with 
slag from previous operations, and has a depression 
where the reduced metal collects and is tapped. 

'rhe dressed ore is fed in through the ho})per. The 
process consists in the oxidation of the ore by a 
series of calcinations and roustings, sulphur being 
eliminated as sulphurous acid, with the formation 
of load oxide and sulphate, according to the 
equations : 

1. 2PbS + 30^ - 2PbO + SO, 

2. PbS + 20., = PbSO^ 

The temperature is then raised by closing spouti6\ 

dampers and furnace doors, and the oxide and 
sulphate reiiet with unchanged sulphide, 
producing a regulus of lead, thus : m 

.3. PbS 1 2PbO - .3Pb }- SO, * 

4. PbS + PbSO, - 2Pb 4- 280, 



8* ENGLISH LEAD REVERBERATING 'FtJRNACB 

These two operations of oxidation and reduction 
are repeated several times until the lead extraction 
is complete. Slaked lime is added to keep the 
charge from melting (reaction does not take place 
in fused ore). It also decomposes the sulphide. 
This is known as the ronftt nvd reaction method. 

In the Silesian furnace a low temperature is used, 
giving a slag rich in lead (50 per cent.), which is 
smelted in the blast furnace. Volatilisation losses 
are thereby reduced, and a higher yield ultimately 
obtained. 

The ore- hearth process re.sembles that of the rever- 
beratory, with the difference that oxidation and 
reduction are simultaneous, the oxide and sulphate 
reacting with sulphide as soon as they arc formed. 
In this process the ore is smelted in contact with the 
fuel by the action of a blast on the fuel, the principle 
being the same as that of the blacksmith’s forge. 
The fuel consumption is about half that of a 
reverberatory, and the process is readily started and 
stopped, but the volatilisti^ibn losses are higher, 
and the process is of most value in places where 
labour is cheap and fuel dear, such as Mexico, 
Modern hearth-furnaces are water-jnckotod, use 
hot blast, and produce largo quantities of lead fume, 
which, when drawn off and filtered through woollen 
or cotton bags, form a good white paint, containing 
about 66 per cent, of lead sulphate, 26 per cent, of 
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lead oxide, and 6 per cent, of zinc oxide. The Moffet * 
hearth-furnace, one of the most modern, is shown in 
4. It consists of two hearths separated by a hollow 
partition, in the lower part of which water is 
circulated for cooling. The 
wind chest for the blast (not 
shown) is connected with the 
upper part of the partition, 
from which tuyeres descend 
and deliver the blast at the 
top of the hearth-box. The 
lead overfiows from the hearth, 
and is delivered through a 
spout in the work-plate into a 
lead kettle. 

In blast-furnace treatment 
preliminary reverberatory 
roasting, or “lime-roasting,^’ 
is always carried out, unless 
the silver content is high, 
when the ore is smelted 
raw. The ore treated is then 
mainly oxide, with some 
sulphate and 8ul])hide, 
as well as metallic consti- 
tuents. The reaction is 
largely one of reduction 
of the oxide by the fuel 
(carbon) and the carbon 
monoxide produced by the 
action of the tuyeres’ bla.st 
on the carbon, the heat 
of combination being sufficient to melt the slag and 
metal. The sulphate become.s sulphide, and, com- 
bining wdth co})per, zinc, iron, and other metals 
present forms a matte, while silicates with any un- 
reduced oxides form a fusible slag. Precipitation of 
the metal from tlie sulphide melt is also effected by 
the iron present. 

A lea/1 blast or shaft furnace has been shown 
[see 2 page 270), and a modern rectangular 
furnace is given here [ 6 |. 

Furnace Products. The principal smelt- 
ing products are work-load (base bullion), matte, 
flue-dust br fume. Flue-dust, or lead fume, is 
present in considerable quantities in furnace 
smoke, and to |)ermit it to pass into the atmo- 
8]»lierc woidd be a serious menace to the public 
health, besides causing loss to the smelter. It con- 
sists of a mixture of lead sulphides, suljffiates, and 
oxides, with some zinc and other substances in the 
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form of an infinitesimally fine dust. Condensati' n 
is effected by air or water cooling, the former 
requiring long flues. Formerly, it was accomplwi<^‘‘ 
by a mere lengthening of the flues, those at Freiberg, 
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in Saxony, having been added to until they 
reached the extraordinary length of five miles. The 
fume is collected in settling chambers or in the bags 
already referred to. Besides being used as a natural 
paint, flue-dust is made into bricks with lime, and 
reduced in the furnace. It may be added as dust in 
small proportions to each furnace charge. 

The sul])hide mattes formed are granulated, re- 
roasted, and smelted in the blast furnace. 

All the furnace processes ])roduco lead in the form 
of work-lead, which contains the bulk of the silver 
and gold present in the one (jf it be argentiferous), 
and also copper, arsenic, antimony, and iron as 
impurities. The latter metals render the lead hard 
and unsuitiible for desilverising, and their removal 
is a preliminary necessity. 

“ Softening,’’ or “ improving,” as it is called, 
which is the oxidation of these im])urities in cast- 
iron kettles or reverberatory furnaces, is the next 
process, the liquated oxides being removed as a 
scum. Antimonial dross is worked up for Britannia, 
type, and other similar metals. If the lead be 
non-argentiferous (such as that produced from the 
ores of Missouri and yiart of Spain), this is prac- 
tically all the refining that is necessary. 

Desilverisation. Most lead is argentiferous, 
and recovery of the silver is an imyiortant part of 
the business of the lead-refiner. It is effected by 
cuiiollation [see page 1186], or by the J’attiiisoii 
or Barkes alloy processes. 

At one time the silver was recovered by cupella- 
tion alone, the whole of the lead being converted 
into oxide, which was reduced by re-smelting with 
carbon. This was costly, and very wasteful of lead, 
and direct cupellation is now used only in Mexico 
or yiarts of South America for very rich lead, where 
the silver is the only metal sought. Cupellation is, 
however, the final process in the separation of the 
silver from the alloys produced by the Pattinson 
and Parkes processes. Both these processes produce 
(I) marketable lead, and (2) a much smaller 
amount of a rich silver-lead or silver-zinc-lead 
alloy. 

The Pattinson process depends uywn the fact 
that silver in quantities up to 2| per .cent. (700 oz. 
]ier ton) lowers the melting point of a lead-silver 
alloy, while larger proportions raise it. If molten 
argentiferous lead, therefore, be slowly cooled, the 
jiortion first crystallising out contains but little 
silver, the liquid portion being a eutectic alloy 
containing about three times as much of thennetal. 
This crystallised lead can again bo 8ef)arated into 
two portions until lead, silver-free, and contiiining 
from 600 oz. to 600 oz. of silver per ton, is obtained. 
The Luce-Rozan modification oi the process is now 
used. In it the formation of the crystals is pro- 
moted by blowing steam through the melt, thereby 
separating out impurities to the extxmt of J per cent., 
and the fluicl eutectic alloy is tapped off, leaving the 
crystals behind, which are melted and cast for tho 
market. 

Tho Parkes process is based on the facts ( 1 ) that 
silver alloys more readily with zinc than with lead, 
and (2) that a silver-zinc alloy of lead is less fusible 
and lighter than lead, and is, therefore, separated 
from and floats on the surface of a lead melt. 
For this process it is essential that the zinc and lead 
should be practically ])ure. Molten lead from the 
” improving ” furnace is tapped into cast-iron 
kettles holding about thii ty tons, and a small amount 
of zinc stirred in. The crust which forms contains 
all the gold and copper present, with some silver. 
It is worked up separately to dor6 silver. Tho lead 
is now saturated with zinc, and on again adding 


zinc, most of the V silver is collected in the.. crust. 
This is w'orkod up to fine silver, A thjr4 addition of 
zino reduces tho silver to about 0*0003 per cent., 
tho unsaturatod crust being used . in the second 
zincing of the next charge. The lead-zinc-silver alloy 
is liquated from the crusts in a reverberatory fur- 
nace, and the zinc recovered by distillation in a pear- 
sha])od plumbago retort. The Parkes process is 
cheaper than tho Pattinson (Rozan), but it does not 
remove bismuth, and the two processes may bo 
combined for a base bullion containing appreciable 
amounts of bismuth. 

Cupellation- The concentrated lead-silver 
alloys ])roduced by these processes are finally 
separated by cupi^Uation, the principles of which 
have already been explained [page 1186J. Tho 
Knglish reverberatory furnace used for cupelling is 
oblong, and has a movable iron hearth, which is 
lined with a mixture of crushed limestone and clay, 
or Portland cement mixed with crushed firebrick. 
Bone-ash is no longer used. On a largo scale, tho 
smelling is made continuous by the addition of 
charge-ieaxl until the charge contains from 60 per 
cent, to 80 ^ler cent, of silver. Cupellation of the 
concentrated bullion from several furnaces is 
finished in a separate furnace, the silver being 
refined at the same time. The litharge produced 
may Imj sold as such or reduced to metallic lead. 
Relined and dc'silverised lead is not less than 
99*98 i)er cent. pure. 

Uses of Lead- Owing to its chemical inertness 
and great power of resisting corrosion by moisture 
and atmoH|>heric agencies, load is a valuable 
covering for roofs. It is extensively used for the 
same reasons, and Wause of its plasticity, in sheet 
form for gutters, ridges, and other building pur- 
]) 08 es of this nature, and for lining vats% tanks and 
chemical woiTcs’ apparatus. Sheet lead is made by 
cast ing flat ingots in moulds holding several tons, and 
passing them several timers throiigh rolling mills 
until they weigh about 30 lb. to the srpiaro foot. 
It is cut into smaller sheets on the mill bed and rolled 
to the weights required for the market. Very thin 
sheets for tea-chest linings are made in tho East 
by pressing molten lead between tiles faced with 
unsized ])aper. TiniHul leadfoil is lead rolled and 
re-rolled between layers of tin to the thickness de- 
sired. I./)ad piping is made in an hydraulic press 
(see chapter on Tubk Manuka( tuke]. “Compo ” 
pipe is lead piping hardened by alloying with 
antimony or tin. Jt is largely us(*d in gastitting. 
Ijarge quantities of lead arc also used for the 
plates of electric accumulators. Jn alloys and 
compounds lead has a wry wide use. 

Lead Alloys- The compositions ot some 
of the pricipal alloys of lead are shown in the 
table on the next page. 

l.K 5 ad unites with most metals in all proportions. 
With tin it forms a valuable scries of alloys of which 
tho most important are the pewters and solders. 
Ixjad increases the malleability and ductibility of 
tin, but diminishes it? tenacity and toughness. 
Pewter is now being replaced largely by unalloyed 
tin, whieh is whiter and safer for domestic pur- 
j»oses. The three grades of soft solder molt at 
213’ C., 210" C., and 206’ C., resjwctively. 

” Plumbers’ scaled solder,” stamjied by the Plumbers’ 
Company, passes tlirough a prolonged ])astv stage 
as it cools, which is the state in which the plumber 
uses it in wiping a joint. It is due to the fact 
that the alToy has two points of solidification, one 
for tho eutectic alloy contained, and another, much 
higher, for tho excess of solid lead. The pasty 
■ mass, in fact, consists of a large proportion of 
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granular lead in a mother liquor of the fluid euteotio. 
Antifriction metala are very numerous, and the 
same name ia given to many diflforent formulse. 
Fusible metals are largely used in safety devices 
actuated by sudden or excessive increase of tem- 
perature. The three given above melt below the 
boiling point of water. They are also used for 
taking casts of delicate objects. 

Arsenic mcieases the fusibility of lead and also 
hardens it. In shot metal, which falls from a 
height into water, it enables the drops of metal 
to assume a spherical shape in falling. The ]wr- 
forations in the basin at the top of the shot-tower 
are regulated according to the size of the shot 


required, and to prevent the drops of molten lead 
joining together in their fall, the holes are of irregu- 
lar size, one being three times the diameter of tho 
next and so on. In an American modification of 
the usual process, air is forced up a shorts tower at a 
high velocity so that tho descending lead comes 
in contact with as much air ns it would in a high 
tower.' A centrifugal modification has also been 
introduced in which the metal is poured on u rapidly 
revolving disc from which it is tlirown against a 
’screen, in the form of drops. 

'JVpe metal is a lead alloy which has been made 
hard and expansible on cooling by tho addition 
of antimony. Bismuth and tin increase its resistance 
to the crushing action of tho press. 

Lead Compounds. The most important 
compounds are white lead, a basic carbonate 
( 2 PbC 03 .Pb( 0 H) 2 ), litharge and massicot (PbO), 
and red load, or minium (PbjtO*). 

White, lead is the most important of tho lead com- 
t^ounds, and tho most important of all pigments, 
forming the basis of nearly all ordinary paints. 
It possesses the greatest covering power and par- 
tially combines with oil, drying hard and homo- 
geneous. It is, however, a very poisonous body, and 
‘is darkened by tho action of sulphuretted hydrogen. 
Zino white is its most important competitor, but 
it is deficient in covering power and dries slowly. 

“ Genuine ” white lead is that prepared by the 
old Dutch method and consists of a spongy, trans- 
parent globular powder, the globules absorbing oil. 
Jiasic lead carbonate prepared otherwise is a dense 
crystalline powder, containing more carbonate and 
loss hydrate, and the crystals do not absorb oil. 
In the Dutch method, lead, cast into the form of 
thin gratings, is stacked in brickwork chambers 
in layers on a bed of fermenting tan dh which are 
plac^ earthenware pots containing a 3 per cent, 
solution of acetic acid. The stack is left for from 
14 to 15 weeks. The fermenting tan supplies heat^ 


to volatilise the acid solution, and also carbon di- 
oxide to convert the coating of lead acetate formed 
on the plates into carbonate. This is detached, 
ground, washed, and dried, and the lead remaining 
used for the next corrosion. Many processor 
have been devised for producing the basic carbonate 
by less costly means, but none, so far, have succeeded 
in producing the amorphous compound. One 
which is largely used consists in treating very 
finely-divided lead in a rotating drum with acetic 
acid for seven days, air, fire-gases, and steam being 
blown in. Tho carbonate produced is ground and 
treated with soda in settling tanks. The best sub- 
stitute, says Professor Church, is Freeman’s white, 
which is a mixture of lead sulphate 
with zinc oxide and a little baryta. 
Others are lead sulphite, sulphates 
and carbonates of barium, strontium 
and calcium, or mixtures thereof 
with while lead. 

Litharge and massicot are the saem 
oxide, but litharge is prepared above 
the melting y)oint of the oxide and 
massicot below. The former is red- 
dish yellow and crystalline, and the 
latter an amorphous lemon yellow 
[)Owder. Litharge is used for tho 
manufactiiro of other lead com- 
pounds of drying oils, oil varnishes, 
cements, for tho lead plaster of 
pharmacy, and as a glaze for 
(earthenware. Massicot is used for 
drying oils, as a pigment, in flint glass, 
and for tho preparation of red lead. 

Litharge is obtained either as the by-product of 
cuy)elhition or by oxidation of the metal in a rever- 
beratory furnace. If it be gradually cooled it 
partially flakes. It is sent to tho market in the 
levigated form, produced by grinding, washing, 
and drying. It is also ma(io direct from tho ore. 
Massicjot is prepared from tho metal at a low heat 
on a reverberatory hearth. 

Red lead, or minium, is prepared from yellow 
massicot (made by “ dressing ” lead) by heating it 
for 45 to 48 hours in a furnace known as tho 
“ (‘oloiiring oven.” Ground with linseed oil as a 
paint it forms a good protective covering for iron 
and other metal surfaces. It is also an ingredient in 
certain cements, and in flint glass. 

ALUNUNIUM 

Aluminium, or aluminum, as it is frequently 
called in the United States, is one of the most 
interesting of the metals now in common nse. 
Its history is not long, compared with the other 
useful metals, on account of the comparative 
rapidity of its development, but it is almost 
romantic, and every decade is packed with interest. 
Even now it is probably only in tho infancy of its 
development, though whether that • development 
will be in the metal or its alloys is yet to be seen. 

Occurrence* Aluminium is more abundant 
throughout the world than any similar substance. 
It is the most widespread element, with the exception 
of oxygen and silicon (with trhich it is usually found 
in combination), and it is computed that it forms 
8*16 Mr cent, of the earth’s crust, the next most 
abundant metal (iron) amounting to 5 '46 per cent. 

There are four important natural compounds of 
aluminium — silicate, oxide, hydrated oxide, and 
fluoride. 

All clays consist largely of aluminium silicate, 
and constitute the largest natural source of alu- 
minium. The purest cla^ is kaolin, or china clay, 


COMPOSITION OF LEAD ALLOYS | 

Alloy. 

I^od. 

Tin. 

Antl- 

iiioiiy. 

Bismuth. 

Cupper. 

other 

Btetais. 

Pewter, eommoii 

20 

80 







.... 

„ good . . 

14-25 

85-75 

— 

— 

— 

— 

„ best . . 


09-5 

— 

— 

0-5 



Soft solder, common . . 

50 

50 

— 

— 

— 

— 

„ „ coarse 







(“ Plumbers’ sealed ”) 

60-65 

33-.35 

— 

— 

— 



Soft solder, fine 

35-35 

66-65 


— 

— 

— 

Antifriction metals .. 

55 

40 

5 

— 


— 

Babbitt 

85 

— 

10 

5 

— 

— 

40 

45-5 

13 

— 

1-.-. 



Magnolia 

78 

6 

16 

— 

— 

— 

Fusible metals : 







Newton’s 

31-25 

18-75 

- . 

50 

— 



Wood’s 

24 

14 

— 

50 


Cd 12 

Lipowitz's . . 

27 

13 

— 

50 

— 

('d 10 

Shot-inetal 

00-1 

— 


— . 

— 

As 0-‘) 

Typo-meUl 

83 

— - 





Stereotype metnl 

60-3 

— 

15-35 

15 35 


— 
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which consists almost entirely of aluminium disi- 
licate (AlaO3.2SiOa.2H.jO), of which large beds are 
found throughout the world, particularly Limoges, 
Devon, Cornwall, and the United States. 

Kaolin contains 39*8 })cr cent, of alumina, and 
would thus seem to be the best ore, but since no 
satisfactory process for separating the alumina and 
the silica has .been discovered, it is not available at 
present. If it were, nothing could comiKJto with 
kaolin as an aluminium ore. Common clays are 
either impure kaolin or else contfiin a larger propor- 
tion of Si0.j, ranging up to 70 per cent. 

The anhydrotia oxide occurs as corundum and 
emery, and as gems — sapphire, ruby, etc. Corundum 
contains 62*9 per cent, of aluminium, the highest 
percentage of any ore. Large deposits occur in 
South India and the United Statt;s. It is not used 
as an ore, on account of its excessive hardness, which 
gives it more value as an abrasive. 

Bauxite. , The hydrated oxide (hydroxide) 
occurs largely and widely as bauxite (principally 
Ala0a.2H20), and ^Iso much less frequently as 
diaspore (Al5,0.,.H.j0). Bauxite is the source from 
which the metal is obtained by all the processes 
now in use. It was first found near Baux, Depart- 
ment do Var, in the South of France, where there 
are beds 3.6 ft. thick and nearly 10 miles long. 
The most important beds are in the South of 
France (Baux), the North of Ireland (Antrim), and 
Alabama and Georgia, in the United States. 
Bauxite is usually found in association with ferric 
oxide, silica, and, particularly in American ores, 
with titanic acid. It is usually pisolit ic in structure — 
that is, in pea-like globules — and when free from 
iron is of a creamy white colour. Irish bauxite is of 
the average composition ; .M, 66 per cent. ; FeO, 3 
per cent. ; SiO,, 12 i^er cent. ; titanic acid, 3 per 
cent. ; and H.jO, 26 per cent. 

For electrolytic reduction, the ore is first calcined 
at a low temperature, to destroy organic? matter and 
to convert the iron completely into the jKjroxide; 
then it is steam-heat^ed under pressure with caustic 
soda solution, and filtered. The sodium ahiminat© 
thus produced is treated with ])urc aluminium 
hydroxide, by means of which about 70 |)er cent, 
of the alumina is precipitated, the remaining liquid 
being mainly caustic soda, which is con- 
.centrated, and used to treat a fresh (piantity 
of calcined bauxite. The precipitated alumina 
is filtered and dehydrated oy calcination. 
Reduction of the iron, silicon, and titanium 
is also effected by fusing bauxite with 
carbon in an electric furnace. 

Cryolite is a double fluoride of 
aluminium and sodium (Al^F^.fiNaF) 
with some ferric oxide, water, and 
Other impurities. Almost its only 
source is Ivigtuk, on the West Coast 
of Greenland, and its con- 
sequent inaccessibility, com- 
bined with its general 
impurity, have caused it to 
be abandoned ns an alu- 
minium ore, though it was 
the basis of several of the . 

older processes. The double [K 
fluoriao is used as a solvent 
for alumina in modern electrolytic 
but it is artificially prepared. 

The alums, which were the subject of the early 
investigation and from which the metal derives its 
title, include a number of double sulphates of alu- 
minium and another metal (such as K .jSO 4. A1 .. (SO4) , 
.24HgO) containing much water of crystallisation. 



6. HEROULT ALUMINIUM FURNACE 
a. Bundle of electrodes 6. Carbon lining funn< 
c. Steel cell 
Tapping vent 

processes. 


On calcination they give more or less pure alumina. 
They are of little practical interest in connection 
with the producticui of aluminium. 

Electrothermic Reduction. No alu- 
minium h:i8 been made by purely chemical methods 
for many years. The heat of combination of 
aluminium in forming the oxide (alumina) so 
greatly exceeds that of other common that 

the only feasible procc8.ses of reducing alumina 
by means of the ordinary 1 educing agents 
(ciirbon, etc.) arc electrothermic. Electrical 
processes are of two kinds — electrothermic and 
electrolytic. Electrothermic processes are those in 
which the current acts merely as a heating agent, 
cither by me.ins of an arc or by the resistance of 
the substance treated. No })urely electrothermic 
process is now used. The most successful was the 
CV)wles, which produced, not aluminium, but alloys, 
principally aluminium bron/x*, in the days when 
the alloys were more valued than the pure 
metal. Rectangular fimelay furnaces of a quite 
simple pattern, with the molten charge packed 
round the (‘hetrodes, were chargeil with a 
mixture of alumina, or other ore, alloying metal 
and charcoal. A current of from 3,000 to 
6,000 amperes was used, the alumina being 
reduced solely by the carbon of the elec’trodcs in 
the great heat produced by the resistance of the 
furnace contents to the current. It was not possible 
to predetermine the com])OHition of the alloys so that 
each batch was analysed and then re- melted, copper 
or iron being added as rc(|uired. Much alloy was 
turned out by the Cowles Syndicate, but since 
the great cheapening of the pure metal, alloys 
have been exclusively nuide by melting with 
aluminium. 

Reduction by Electrolysis. No one 

has so far succeeded in producing aluminium by any 
practical process of electrolysis from aqueous solu- 
tions without the use of soluble aluminium anodes. 
In the first ])laee, although aluminium in mass is 
unattiicked by water, yet ihe foil is rapidly oxidised 
by boiling watesr, and it is (juite probable that the 
reason why aluminium is not easily deposited in 
aqueous solution is that, like sodium, as soon ns it 
is isolated it is attacked. Further, in aqueous 
electrolysis of almninous solutions water 
is decomposed, along with the aluminium 
eoin])oimd, producing nascent hydrogen at 
the cathode. Tliis causes the metal to be 
deposited in a finely-divided spongy con- 
dition, in which it readily attacks the 
water, being oxidised in the process. 
Electrolysis of fused alumina dis- 
solved in a bath of cryolite (the 
double tiuoride), kept molten by 
the heat due to the resistance 
offered by it to the passage of the 
current, is the principle of the 
processes now in use. 

The details which follow concern 
the Heroult patents which are 
worked in England (hy the British 
Aluminium Co.) and on the C^n- 
, , . tinent. The Heroult furnace is 

/ Rl:»"vCmou'!:i shown in 6. Similar process 
unde? the Hall patents are worked 
in the United States by the Fitts burgh Jtediiction 
Com])any. 

The furnaces used are iron cells lined w'ith carbon 
and rectangular in shai>e, the internal area being 
about 5 ft. by 21 ft. The negative ])ole of the dynamo 
is connected with a steel plate in the bottom of tl^e 
cell or with the cell itself, in contact with which the 
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molten reduced aluminiuin acts, ii^ practice, os the 
cathode. The anode is a bundle of carbon rods 
dipping into the electrolyte and capable of vertical 
adjustment. 

. The charge of cryolite is placed in the cell, and 
fused by the current. Pure powdered alumina is 
then fed in continuously while the operation pro- 
ceeds. A current from 3 to 5 volts at a density of 
about 700 amperes \)6r square foot, or 8,000 amperes 
per cell, is sufficient to maintain the temperature 
and the electrolysis. As part of the voltage is con- 
sumed in overcoming the resistance of the bath 
(thereby heating it), and as decomposition of cryolite 
theoretically requires 4 volts, the cryolite solvent i» 
not attacked at all, if the bath bo proi^erly supplied 
with alumina. Therefore, except for mechanical 
losses, it lasts indefinitely and its impurities are not 
transmitted to the metal. Careful purification of the 
alumina and of the anode and lining carbon is all 
tliat is necessary to produce a pure metal. The result 
of the electrolysis is the splitting up of the alumina 
into. aluminium (which, being slightly heavier in the 
molten state than the fused cryolite, sinks to the 
bottom of the cell, where it is run off) and oxgyen, 
which combines with the carbon of the anode 
to form carbon monoxide, the gas being burnt to 
dioxide outside the cell. The carbon consumed in 
this way is about equal in weight to the aluminium 
produced. The yield of metal in practice is 4 to 
} lb. per 12 E.H.P. hours. 

The advantage of combining internal heating with 
the electrolysis is that it enables the cells to bo 
kept com})aratiyely cool ; if they w'cre heated ex- 
ternally (as was pro])osed) they would have to bo 
hotter than the electrolyte, and there is no suitable 
material that is able to withstand the action of 
nascent aluminium at high temperature. 

Impurities, The principal impurities in re- 
duced alumifiium are silicon, carbon, iron," copper, 
load and zine. The last three, which, in very small 
proportions do not seriously affect the metal, and 
are not usually found, are partially removed by 
remclting. But no satisfactory methods of re- 
fining aluminium have yet been described. It cun 
bo purified absolutely by laboratory processes, 
but those arc not industrially possiUle, and com- 
mercially, niost'of the impurities, particularly the 
important ones — silicon, carbon, and iron — are not 
removable. The metal has accordingly to be pro- 
duced as pure as })c)ssible, and this is the reason 
why the alumina has to be so carefully purified. 

If refining were possible, aluminium could be re- 
duced direct from bauxite, and so a considerable 
proportion of the cx])cnso of reduction would be 
saved. This remains to be accomplished. 

Physical Properties. As in the caae of 
iron, the physical properties of aluminium are con 
sidcrably affected by the presence of small quan- 
tities of other constituents ; but aluminium has 
not had, so far, the advantage of the compre- 
hensive micrographit!, physical and chemical re- 
search which has been bestowed on the varieties 
of iron, and much has yet to be learnt of the 
individual and collective influences of the minor 
ingredients of commercial aluminium. Silicon and 
iron are present to the extent of 1 per cent, in most 
commercial metal, and, in that proportion, slightly 
lessen its malleability. iVo per cent, makes it 
brittle. Carbon in the smallest proportion markedly 
deteriorates it. 

Pure aluminium is absolutely white^on fracture. 
Commoroial metal has a bluisli tinge due to the pro- 
sence of silicon, the tint deepening with the amount 
of impurities. Pure metal is distinctly softer than 
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the commercial, but it is not so soft as pure tin. 
Drawing or rolling in the qpld gives it nearly the 
hardness of brass. 

The wonderful lightness of aluminium is its 
distinguishing economic feature. When pure, its 
specific gravity is 2*68 and 2*6 to 2*7 in the case of 
good commercial metal. The subjoined table 
demonstrates the advantage thus possessed by 
aluminium over other metals. 


PwEiailT OF ALUMINIUM AND OTHER METALS 


Weight of . 

Cubic in. per lb. 

Metals. 

Metals, 

Aluii'iliiinin B 1. 

ALUMINIUM .. 

1 

11-2 to 10-65 

Zinc 

2-63 to 2*79 

4-07 to 3*84 

Iron, cast 

2-70 

3-84 

Tin 

2-8 to 2*9 

3-79 to 3 -56 

Tin-plate 

2‘9 (about) 

8-5 (about) 

Iron, sheet and wrought 

2*94 to 2-98 

3*6 (about) 

Steel 

3 02 to 3 06 

3-65 to 3-5 

Iron, pure 

3- 04 

8-64 

Nickel 

31 to 8-4 

3-4 

Brass (Cu 67%, Zn 33%) 

3*2 to 3*29 

3-33 to 3*25 

Bronze (('ii 84%, Sn 10%) 


3-29 

German silver (20 %) . . 

3-33 U) 3*37 

3-2-2 to 3-18 

Copper . . 

3-4 

3*11 

Silver 

406 

2-63 

Lead 

4-4 1 

•2-47 

Gold 

7*4 

1-43 

Platinum 

8-3 

1-28 


The figures in the li 


last column emphasise a fact 
which is liable to be overlooked. Metals are sold 
by weight. The ca})acifcy of a kettle is dependent 
on the volume of metd used. Its weight is merely 
a nuisance. Hence, since tin-plate is nearly three 
times us heavy as aluminium, the weight of metal 
which will make one tin kettle will make three 
aluminium kettles. Accordingly, whenever the cost 
of aluminium is less than three limes that of tin- 
plate, aluminium is really cheaper. The relative 
costs in the following table will facilitate comparisons 
with other metals. 

Tliese figures are based on 1913 market prices. 
They can only bo roughly approximate. 

Aluminium melts at about 625 ’ C., at a red heat 
and, at the tcunfierature of the electric furnace, 
volatilises. Its .mean specific heat is 0*2270, and its 
latent heat of fusion (t'.iat is, the amount of heat 
required to fuse it at the melting point) for 99*93 

COST OF ALUMINIUM AND OTHER METALS. 



Approxlniatt) 

Appioxlmate ! Approximate 


iiianufiiutur- 

lelative 



iiig cost in 

costs of equal 

costa of equal 


pence iwr lb. 

luasBes. 

voiunios. 

ALUMINIUM .. 

12 

100 

100 

Tin 

19 

1.58 

580 

Gorman silver . . 

13 

108 

37*2 

Copiwr . , 

10 

83 

293 

Bronze and l>ra'^s 

5 

41 

147 

Zinc 

4 

33 

92-3 

Tiu-plato . . 

1*25 

30-6 

32 

Steel 

•6 


15-5 

Iron 

•5 


12-5 


|)cr cent, metal is 100 calories, which is more than 
that of any other useful meta4t. The consequence of 
the high value of these two factors is that aluminium 
melts very slowly even in a very hot fire, and that 
castings take several hours to cool. Its coefficient 
of linear expansion is 0*0000231 (Roberts- Austen) 
or 0*0000222 (Fizeau), which is only loss than that 
of lead and zine among the useful metals and about 
equal to tin. Its thermal conductivity is high and 
surpassed only by copper among the baser metals 
(A1 = 31 '33, Ag being 100, Cu 73*6, and steel 11 '6)- 
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The relative electrical conductivity is put by Richards 
at 69 for 99 per cent. »ictal compared with cop^)er 
100 and iron 14 to 10. An aluminium wire that 
would carry the same current as a copper one would 
weigh only half as much. Aluminium is non- 
magnetic. It is very sonorous and is accordingly 
used for sounding boards. 

Cast aluminium is not very clastic, but it becomes 



a. Improved by aluminium b. Without aluminium 

stiffer, harder, and more rigid on working. Young’s 
modulus for the castings is 11,000,000 lb., and 
13,000,000 and 19,000,000 lb. for wire and rolled 
metal respectively. 

The approximate tensile strength of commercial 
aluminium is exhibited in the following table, 
the relative strength of other metals (rolled) being 
included for the j)urposc of comparison. 

It is important to note that the above figures for 
aluminium are redu(!(;d by 50 ])cr cent, if the metal 
is heated over 100 ' C. 

The relative figures show that, weight for weight, 
the only metals whose tensile strengths ecpial and 
exceed that of aluminium are cast steel and its 
own alloy, aluminium bronze. That is to say, for 


purposes where the retpjiremcnts are strength 
and lightness, cast steel and aluminium bronze 
arc the only com})etitora, ex])ensc being a secondary 
consideration. 

Aluminium is a very malleable metal and can be 
rolled as easily as gold or silver. It can be beaten 
out into leaves of the thickness of ^ ^ f,th of an inch, 

and has suiKTseded silver leaf for gilders’ use. It 
is only less ductile than gold, silver, platinum, 
iron, and copper. 

Chemical Properties. Aluminium is a 
trivalent atom of the relative weight 27, its eejuiva- 
lent being 9. Commercial aluminium on ex})osure 
becomes coated with a thin film of oxide, similar 
to that forming on zinc, which gives it a slightly 
dull appearance. This film thoroughly protects 
the surface from further oxidation. 

The action of water has already been referred 
to. Sulphuretted hydrogen, which is responsible 
for the blackening and tarnishing of nearly all 
other metals, has no action on aluminium in the 


cold. It is bu^ slightly attacked in the cold by 
sulphuric and nitric acids, but is dissolved readily 
in these acids when hot and concentrated, and also 
in cold concentrated hydrochloric acid. 

Potash and soda lye and alkalis in general also 
dissolve aluminium, forming the aluminate. Vinegar, 
organic acids, salt and food substances in gencTal 
have very little action on the metal, even when 
boiling. 1’here is no danger, in the case of culinary 
vessels, of such traces of aluminium eomjmuiids 
having any injurious aetion on the human body, 
for ordinary food contains much more than is so 
dissolved in cooking and the action is miich less 
than in the case of cop])er, tin-j)late, or iron. 
Food, particularly fruit, cook d in aluminium 
vessels is noticeably fresher and l-etter ilavoured 
than when cooked in other vc-scls. 

WorRing the Metal. If not overheat/cd, 
that is, much above its meltingpoiut, aluminium can 
be melted in ordinary plumbago crucibles without 
absorbing carbon or silicon. No flux is needed, nor 
is it advisable. Only a very thin film of oxide forms 
on the surface of molten metal, and this, while not 
spoiling castings, entirely prevents furtlicr oxida- 
tion. Molten aluminium is viscous and doe.s not run 
sharply in moulds unless it is under iiressure, which 
is supplied either by giving a head to the metal 
by means of gates and risers or by air-pressure in 
air-tight moulds. Sharp castings free from blow- 
holes are thus readily obtained, and hollow' culinary 
ware as thin as f,. in. is commonly cast. The shrink- 
age of castings is about 1*8 ])er cent, of' the 
original volume, or nearly twice that of iron. The 
ditliculty which this causes is also oven^ome by 
the use of gates and risers. In rolling or drawing 
aluminium freipient annealing is necessary, for 
the metal quickly hardens on working. It is best 
worked at temperatures botv^ 100’ C. and 
150 ^ 

The handsome “ mat” or frosted eflecl which 
aluminium easily takes is obtained by clipping 
first in caustic soda or potash solution, then in 
strong nitric acid, linally washing with water. 

Aluminium can be welded, but with ditticulty, 
on account of its high specific heat and because 
of the soft “ mushy ” state which it assumes 
some time before melting. 

Soldering. The difficulty of soldering 
aluminium has been recognised us an obstacle to 
its use since Deville first ])roduced it commercially, 
and alllioiigh innumerable lormuhe and processes 
have been put forward, aluminium is not soldered 
if other means of uniting pieces of the metal are 
possible. There are three reasons for the ditticulty : 
(1) the film of oxide which is always ]»reRent 
prevents the solder getting to the metal and is not 
aflected by ordinary Iluxes and appears to form as 
quickly as it is removed, if the meehani(!al means 
of scratching or filing are used ; (2) the high heat 
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1 RELATIVE STKEN(iTH8 OF VARIOUS METALS | 


RliVAtic limit 

lJitlinftt« 

Ucintivv 

Mctalfl. 

ill tuiiM (lur 
aq. In. 

strongtli ill 
tons piT aq. in. 

itri'iiKth for 

NIUIIO Ufigllt. 

ALUMINIUM, caBtiiigs. . 

3 

7 



„ sliect 

.'i’o 

11 


,, wdre 

«-5 

13 to 29 

— 

„ rolled bars 

7 to 13 

12 

100 

Steel, cast 


41 

135 

„ soft 

— 

33 

87 

Aluminium bronze 

— 

40 

118 

Wrought iron 

— 

29 

03 

Brass, red 

— 

20 

47 

Bronze, gun 

Copper . . 

— 

15 

> ^7 

— 

14 

33 
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conductivity of the metal rend^ local heating 
to alloying temperature a blow and difficult matter, 
increasingly so as the bulk of the article worked on 
increases, and causes the solder to chill quickly,; 
(3) the highly electro- positive character of the 
metal causes galvanic action with low-temperature 
solders containing negative metals like load, the 
result being disintegration at the joint. It cannot 
bo said that these dilliculties have yet been success- 
fully overcome. 

Alloys. Aluminium forms a large number 
of useful alloys. It unites easily with most of the 
metals, the combination being usually accompanied 
by a disengagement of heat. Lead and anti- 
mony appear to be the only metals not alloying 
with it easily. The practical production of those 
alloys from the metals is, in general, a very easy 
operation. The aluminium may be melted in a 
carbon or magnesia lined crucible, without a Hux, 
and the other metal simply thrown in ; it falls to 
the bottom, melts, and is absorbed by the aluminium. 

Most of the alloys thus produced are improved 
by careful rcmelting, becoming more uniform, and 
finally i)crfectly so, by repeated fusions. Very 
few of the alloys liquate ; in general the alloy acts 
as a single metal. 

The useful alloys of aluminium fall into two 
groups: (1) aluminium containing 10 per cent, to 
25 ]Xir c(mt. of other metals ; (2) other metals con- 
taining 10 per cent, to 1.5 per cent, of aluminium. 
In almost every case, alloys between these limits 
possess no useful properties, and are mere ehemi(*al 
curiosities. Alloys of the first class are som(‘what 
harder, stronger, and better wearing than the pure 
metal, while they retain its lightness. They do 
not, however, n*sist corrosion so well. In the case 
of the second c lass the c licet seems to be a not a bio 
increase in strength and toughness and a remarkable 
change in the colour of the metals with high colours. 

Aluminium Bronze. Of the alloys of thc^ 
second class, and of all the aluminium alloys, 
aluminium bronze is the most important. These 
bronzes are made by adding 2-5, 5, 7*5, or 10 per 
cent, of pure aluminium to the purest copjMT (the 
smallest amounts of iron, antimon^}’, or arsenic 
in the (:opper injuriously affect the alloy). They 
are metals having tensile strengths of from 20 tons 
to 40 tons [Ter square inch as the ])ercentag(5 of 
aluminium rises, strengths not greatly inferior to 
that of the finest steel, which, moreover, are reduced 
by only one-fourth when tho tem}H?raturc rises to 
,300° C. These were tho alloys madc^ by tho Cowh^y 
reduction process, hut now they are exclusively 
made by adding the aluminium to molten copper. 
It is most probable that these alloys are chemical 
compounds, for after the aluminium has fused on 
addition to tho copix?r, so much heat is evolved 
that tho crucible becomes >®hite-hot and has to be 
removed from the furnace, while the proportions 
of the constituents in tho four principal alloys 
correspond with their formul e. The alloys have con- 
siderable hardness (nearly equal to gun-stccl), high 
clastic limits, and great extensibility under strain. 

Aluminium bronze is not easily worked. It 
possesses many peculiarities. It can ho well worked 
only within narrow limits of temperature ; cast- 
ings contract on cooling itiuch more than in the 
case of aluminium, and the alloy can be forced 
only at a low red heat. It needs frequent annealing 
during working if worked cold. « 

The 2^ per cent, alloy resembles in colour gold of 
low carat alloyed with copper. The 6 per cent, 
more nearly approaches the colour of pure gold . 
than any other metal; tho 7 per cent, has tho 


colour of jewellers* mreon gold ; and tho 10 per cent, 
is a bright light veUow. 

Tho bronze alloys wouI& bo advantageous for 
most of the purposes for which brass or ordinary 
bronze is used, but as they cost considerably more 
they are used only where their particular excellence 
counterbalances tho extra cost. Chief of these 
uses at present is the manufacture of propellers 
for which their strength, freedom from sea-watci 
corrosion and galvanic action, well adapt them. 

Various alloys with copper and zinc containing 
from 0*1 to 3*3 per cent, of aluminium are known 
as “ aluminium brasses ” and are considerably 
superior to ordinary brass in strength and power 
of resisting corrosion. They are cheaper than the 
bronze alloys and can ho forged at a rod heat. 

Metallurgical Usea. The widest and most 
important use of aluminium is probably still in the 
purification and improvement of iron and steel, and 
the castings thereof. For this purpose it is always 
added as “ ferro-aluminium,” an alloy obtained by 
adding from 5 per cent, to 15 per cent, of aluminiuni 
to pure pig iron. Added to low carbon steel up to 
0*2 per cent, it increases elastic limit and tensile 
strength (at tho expense of ductility) and gives 
good castings without blowholes. 

Its value in this connection is illustrated by the 
photographs of steel castings reproduced in 7 and 8. 
In both eases A is tho same metal as B, hut has 
had aluminium added to it before casting, 0*1 per 
cent, in the ease of 7, and 0*5 per cent, in the other 
ease, illustrated in 8. 

By adding from 0*05 per cent, to 0-1 per cent, 
of aluminium to molten wrought iron a very 
fluid melt is obtained without tho superheating 
which is ordinarily necessary to cast wiought iroii. 
(\xstings so produced arc called “ mitis castings. 
They arc tougher than malleable iron castings, 
though not (juito so uniform, and are almost entirely 
free from blowholes. In fact, mitis castings 
are ohjc'cts cast in low-carbon stc'ol, yet having all 
desirable proi>erti(*8 of wrought iron. None of the 
a<ldcd aluminium remains in the casting. Its 
office is simply that of reducing the skin of oxid(' 
which prevents the wrought iron from becoming 
fluid, and of preventing tho formation of blowholes 
by kec})iiig the metal fluid long enough to enable all 
tho oee hided and dissolved gases to escape. 

In the case of cast iron somewhat similar results 
are produced, hut for different reasons. Most of 
the ‘aluminium remains in the finished product 
because there is no oxido to reduce, its yircscncc 
being jircvented by the considerable quantities of 
carbon present. The fluidity of the melt is hardly 
affecte<l. The practical results are that cleaner, 
more solid, softer castings are obtained with a 
considerable deduction in the percentage of de- 
fective castings. 

Non«technical Uses. Of these the largest 
at present is probably as culinary utensils, where its 
lightness, toughness, non-poisonous, non-rusting, 
and hard-wearing properties would, but for its cost, 
have long ago given it that supremacy which is a 
mere matter of time. An^important property in 
this connection is its high hcat-conductivity, which 
makes cooking in aluminium vessels a syiecdy 
matter and scorching almost impossible. 

Great hopes were raised at first of the use of 
aluminium in building and general construction, 
but the great depreciation in strength which it 
suffers as tho temperature rises definitely put it 
out of this field. 

Aluminium for electrical conductors has been 
rejected by the British Post Office because of the 
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' difficulty of making joints, the indefinite and |>cr- 
manent elongation, and, in the case of the bronze, 
of deterioration. Its low melting point renders the 
danger of its fusing considerable if the current it is 
carrying be much increased. Jt is, however, used 
for power conductors in the United States. When* 
ever it is less than twice the price of copper it is, 
for conductors, relatively cheaper. 

It is successfully used in lithography in place 
of the heavy, fragile, scarce, and variable Solenhofen 
stone. Its use renders quick printing on rotary 
machines possible. 

Its incorrodibility and innocuousness render it of 
considerable use in surgery and dental mechanics. 
It is considerably used in scientific instruments, 
particularly where the inertia of a heavy moving 
part has to bo avoided. Owing to its comparative 
freedom from chemical action it is used in many 
forms of chemical apparatus. 

In the form of powder it makes an excellent 
fiashlight, for, in the finely divided form, aluminium 
burns very readily. The powder is also us(3d with 
ferric oxide, as “ thermit,’* in the Goldschmidt 
process, for reducing refractory metallic oxides, 
and for welding rails, etc. 

Aluminium is also largely used in motor*car 
building, in petrol motor-engines, in aeronautic 
apparatus and machines, and in a host of smaller 
miscellaneous articles of everyday use, besides the 
uarticular uses referred to above, cither for its 
lightness or its decorative effects. In general it is 
being increasingly used wherever lightness is 
synonymous with economy. 

Aluminium Salts. Alum and the alumin- 
ates are much used in the industries. Alum, in com- 
merce, is the term applied to a double sulphate of 
aluminium with a base such as potassium, sodium, 
or ammonium. Aluminium salts are the chief 
mordants used in textile dyeing to fix the dyestuff 
in the fibre and to modify the colour or shade. 
Alum is being displaced by the pure sulphate, from 
which all other aluminium mordants are prepared. 

When solutions of basic aluminium sulphates aro 
boiled, a still more basic and insoluble salt is thrown 
down, especially in the presentJO of textile fibres. 
The basic acetates and sulpho-acetates (“ red 
mordants ”) are used in cotton printing. 

Aluminium sulphates are used for the base in 
“ lake'” pigments, and are added to Prussian blue 
and other colours to improve the painting qwxiity. 
They are also used in the tawing processes of ]»re- 
paring skins for boot and glove making, and in 
preparing glue for paper-glazing. 

In plaster-making, alum is used to increase the 
hardness. Heated plaster is plunged in an 8 pcit 
cent, solution and calcined. When mixed with 
water, alumed plasters set more slowly but much 
harder than ordinary plasters, the hardness re- 
sembling that of marble. 

Antimony. The chief ore of antimony is 
stibnite (Sb^Sg). This sulphide may be largely 
separated from the rock in which it occurs by 
liquation. This is done on the concave hearth 
of a reverberatory furnace, which is lined with 
charcoal to prevent oxidation. Antimony was 
formerly called regulua of antimoftif, and in this 
country is extracted by reduction in crucibles by 
iron. The metal is purified by fusion with nitre, 
or by melting and stirring with an iron rod. 

Antimony is a bluish-white metal, highly crys- 
talline and brittle, with a specific gravity of 6*7. 
The surface of the cast metal shows characteristic . 
fem-like markings. It expands on solidifying, 
and imparts this property to many of its alloys. 


It melts at 632*1 C. It does not oxidise in air at 
ordinary temperatures, but, when heated, unites 
with oxygen to form the white oxide, 8b .jO.,. 

Antimony is too brittle to be used alone for 
most purposes, but it is of great service as a con- 
stituent of certain alloys. Jt is used to harden 
lead and tin. It is very valuable in type metal, 
imparting tlio property of expansion so necessary 
for obtaining a sharp and well-defined impression 
of the letters when f)rinting. 

Arsenic. Arsenic is a britlle metal of a steel- 
grey colour and metallic lustre. Its specific 
gravity is 5*7. It is a poor conductor of heat and 
electricity, and in the pure state is without taste 
or odour. It is very volatile, and burns in air with 
the formation of the white oxide, As„().,. It is a 
constituent of shot metal and oth(?r alloys. It is 
a valuable bronzing agent. The ores are sulphides, 
but it occurs chieily in ores of other mc'tals, such 
as those of nickel and cobalt. It is extracted 
from its ores in retorts, from whieh, on being 
heated, the arsenic sublimes and is collected. 

Bismuth. Bismuth is a com])aratively rare 
metal, associated (dueily with ores of nickel, copf)er, 
and silver, from which the crude metal is separated 
by liquation, or smelted by roasting and reduclioii 
in crucibles with iron and carbon. The raw metal 
is refined with nitre. Bismuth is a reddish-white 
metal, highly crystalline and brittle. Its low 
melting point and its property of expanding during 
solidification make it useful as a cronstitutmi of 
certain alloys, such as fine solder and tyi)e metal. 
Jt melts at 268° (\, its specific; gravity is l)*8 in the 
solid and 10 in the liquid state. It burns in air 
with a bluish-white fiame, forming bismuth oxide 
(Bi.jO;,). Bismuth, like lead, may be used as a 
solvent metal in the process of eupellation. It is 
used in the construction of thermo-piles, in fusible 
alloys, and in some kinds of type and slercotyper’s 
metal. 

Mercury. Mercury, or quicksilv(‘r, occurs in 
Nature in the metallic state and in rhuiahar (HgS). 
The metal is extracted from its ores by a distilla- 
tion method. The ore is heated in a special furnace, 
and the vajH)iirs f)f mercury condenseil in con- 
densing chambers. The cnnle metal may contain 
lead, bismuth, zinc, cadmium, and other impurities. 
It is purified by covering the metal with dilute 
nitric acid, and allowing it to stand some time ; 
the acid gradually dissolves out the base metals, 
together with some nuTcury. It is finally re- 
distilled, and is thus made practically pun;. 

Mercury is a silver- white; metal, liejiiid at ordinary 
tcinpc;ratureH, and boils at 360 ‘ C. Its specific 
gravity is 13*6. It is not affected by air or oxygen 
at ordinary tein])eratures, but if any discoloiation 
occurs on shaking it in a bottle it indicates that 
impurities are present, ft is used somewhat in 
gilding, but chieily in the extraction of gold and 
silver, and in the; construction of thermometers, 
barometers, etc. In dentistry, mercury is a con- 
stituent of dentists’ jircparations and alloys. 

Magnesium. Magnesium is a m(‘tal very 
similar to aluminium, but whiter and lighter, its 
specific gravity being only 1*74. Jt melts at 
750° G., and boils at ^)out 1100° C. Jt is rather 
more oxidisablo than zinc. It is best worked at a 
temperature of 450° G. Magnesium wire is made; 
by- forcing the heated metal through holes in a 
steel plate,* and magnesium ribbon is made by 
passing the metal between heated rolls, it is used 
in the refining of some metals, owing to its great 
affiifity for oxygen and other non-metals. It is a 
constituent of some alloys, such as magnalium. 
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— 

Profit and Loss. Subsidiary and Drawings Accounts. Expenses of 
Production and Distribution. Ranking Assets and Liabilities. Depreciation. 

THE BALANCE SHEET 


•yHB totals of the trial balance having been 
* found to agree, the work of closing the books 
may now proceed. The object of our trader 
in preparing his final accounts is, as we have 
seen, to ascertain the nature and extent of his 
gains and losses, assets and liabilities. It should 
be observed that it is almost as important for 
a trader to know the nature of his gains and losses 
as to know their extent, for a knowledge of the 
manner in which they arise will enable him to 
push business in a direction where he finds he 
is already making good profits, or, on the other 
hand, to curtail expenses under heads which are 
not repaying the outlay upon them. 

Division of Profit and Loss Account. 
It is largely for this reason that the profit and 
loss account has to-day so many divisions. 
It is not sufficient to know that although 
the gross profit of a business is £1000, the 
net profit, after deducting an item diiscribed 
as “ Sundry Trade Expenses,” is £300 only. 
The modern business man wants further in- 
formation. How is the difference of £700 
made up ? “ Sundry Trade Expenses ” may 

mean anything. The item may, and probably 
does, contain salaries, rent, rates and taxes, 
discounts allowed, gas, office cleaning, and the 
thousand-and-one f)Ctty items that go to swell 
the expenses of carrying on an office or ware- 
house. But let us know what they arc, so that 
we can, if desirable, cut dowm expenditure in 
one direction and add to it in another, with a 
view to increasing the effectiveness of the outlay. 

Heads of Expenditure. The heads 
over which the expenses are spread depend very 
largely upon the nature of the business, but some 
items are common to nearly all trading concerns. 
Salaries, rent, rates, taxes, lighting and heating, 
have to be paid in neo-rly every establishment. 
Other items, such as insurance, advertising, 
printing, discounts and commissions, are not so 
common, but are yet very frequently incurred. 

A close scrutiny of these items should enable 
a trader to form a conclusion whether his ex- 
pendituie under a particular head is justified 
or not, having regard to the size of his business 
and the amount of his turnover. He may find 
that the amount he is paying for his rent, or 
for the salaries of his employees, is altogether 
out of proportion to his other expenses, and is 
practically swallowing all his profits. He must 
either reduce this expenditure if his sales are 
stationary, or increase the latter if he is to 
continue his expenditure at the same rate. On 
the other hand, he may find that a judicious 
outlay of £100 in advertising has caused an 
increase of £500 in his sales. /This would 
probably lead him to conclude that further 
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expenditure in this direction would result in 
extending his business, and he would extend his 
advertising campaign accordingly. 

In the case of traders, as a rule the only item 
on the revenue side of the profit and loss account 
is the gross profit brought down from the tiading 
account, arising from the sale of the goods. 
No analysis, therefore, is required for this side. 
In businesses where the revenue is of a mis- 
cellaneous nature, appropriate accounts are 
opened as in the case of expenses. 

Method of Analysing. Enough has 
been said to show the necessity of analysing 
the expenses of the business in such a way that 
the proprietor can put his finger on a weak spot 
in his outgoings, or, on the other hand, satisfy 
himself that the expenditure is on an economical 
basis and allocated in such a manner as to 
produce the best results. But it is not necessary 
to wait until the profit and loss account has been 
completed before making the analysis. It can 
be made as the work of writing up the books pro- 
ceeds throughout the year. In the case of the 
goods account it was seen to be desirable to 
have not one, but several, accounts to record 
our purchases and sales, and other matters 
directly connected with the buying or finishing 
of the goods. So, in the case of the profit and 
loss account, several sub-accounts are opened ; 
and as sums are paid for expenses the payments 
are posted from the credit side of the cash 
lK)ok to the debit of the appropriate accounts 
opened in the lodger. The result will be that at 
the end of the financial year, instead of one 
large miscellaneous account containing expenses 
of all kinds, we shall have many smaller accounts, 
each devoted to an expense of a particular kind. 
The number of such accounts depends upon the 
size of the business, but a reference to the trial 
balance on page 1327 carries conviction of the 
superiority of this method of analysing the 
ex})onseB rather than including them in one 
account under a general title. 

Closing Subsidiary Accounts. In 
order to arrive at the amount of profit or loss 
as a whole, each item in the trial balance which 
records revenue or expenditure in carrying 
on the business must now be brought into a 
general profit and loss account. Ibis must 
obviously be done, for the usefulness of the whole 
work will bo destroyed if the accounts ore not 
focussed in such a way ^ to give the trader 
a bird’s-eye view of the items making up the 
profit or loss for the year. There is now no ob- 
jection to the various heads of expenditure being 
included in one account, for they will not now 
consist of hundreds of small items in no kind 
of order, covering many pages of the ledger, but 
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of some twenty items at most, being the balances 
of the various sub-accounts already explained. 

Those accounts are now closed by the balances 
being transferred to the profit and loss account 
by means of a journal entry ^debiting that 
account and crediting each sub-account of 
expenditure with the balance shown thereon. 
In the event of there being any source of revenue 
other than the sales, the accounts which have 
been credited by such revenue will bo closed into 
the profit and loss account by a transfer of tl^e 
balance being passed through the journal 
debiting the account and crediting profit and 
loss account. 

Applying these principles to the trial balance 
on page 1327, and assuming the stock on hand 
to be worth £2,500, wo should obtain the follow- 
ing as our trading and profit and loss account of 
the business of Smith & Jones : 
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Again, in a business part of an item of the 
same general character may be included in 
trading, and the rest in profit and loss. For 
example, the wages of the workmen would bo a 
part of the cost of the finished goods, while the 
remuneration of the travi^llors and clerks would 
not. The wngoi would be charged to trading 
account, the remuneration to profit and loss 
account. The general principle to bo observed 
is that cost of production is included in the 
first part of the trading and profit and loss 
account, while expenses of distribution come 
into the second part. 

Disposal of Profit or Loss. The balance 
of profit or loss is not left on the account 
and brought do^^^l as the amount with which 
to Ix'gin the new trading period; that course 
is only adopted with the real and personal 
accounts. The profits of a business belong to 
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To Stock . . 


1,750 0 0 

Bv Sales 

0,700 0 0 





l.CSH 1 


„ Piircliasea 

5,2r.o 0 0 

1 

Returns Inwards 

152 10 0 

6,547 10 0 

Less 



„ Stock on hand . . 


2,500 0 0 

Returns Outwarfis 

1 05 1 5 0 

5,144 6 0 




1 „ VVnj?as .. .. 1 

725 10 0 




„ Freight and Far- 






riago . . 


140 8 0 : 




„ Gross Profit car- 






riod down 


1,281 0 0 i 






1 0,047 10 0 



0,047 10 0 

To Salaries . . 


:i57 10 0 

By Gross Profit, b d 


1,281 0 0 

„ Rent, Ratos ainl 






Taxes 


350 0 0 


1 


„ Discounts 


2.3 1 3 




„ Miscol I unoous 






'JVade KxpenstM . 


109 10 2 ; 




„ Balance, • being 






Net Profit 


440 13 1 ■ 





ji:i,2Kl 0 6 , 


HI, 281 0 0 


It will be observed that the gross amount of 
the purchases and sales arc stated in an, inner 
column in which the returns are also entered 
and then deducted, the net amount of goods 
bought and sold being extended to the outer 
column. This is found to be convenient in 
practice, as affording at a glance the actual 
amount of purchases and sales for the year. 

Production and Distribution, A ques- 
tion sometimes arises whether a particular item 
of expenditure should be charged to the trading 
or to the profit and loss account. The decision 
will to some extent depend upon the character 
of the business, for items which in one case would 
be debited to the trading account would in 
another case be charged to the profit and loss 
section. For instance, in an iron founder’s 
business coal would be largely used in producing 
the finished article, and would be part of the 
cost thereof. In that case the outlay on coals 
would be charged to trading account, while in the 
case of a business where coal is only used for 
ordinary heating purposes it woidd be charged 
to profit and loss, as the expenditure forms no 
part of the cost of the goods sold. 

IP Day 


the proprietor, or, if tliiue be mo^v^ than one, to 
Ibo partners in the concern, and tin; balance of 
profit as shown by the account must bo trans- 
ferred to their accounts by means of a journal 
entry debiting profit and loss, and crediting them. 
The proportion to bo credited to each partner 
depends upon the terms of the agreement between 
them as to sharing profits and losses. This agree- 
ment contains many provisions besides that 
dealing with this point, and will be explained at 
greater length whim the question of j^artnership 
accounts as a whole is receiving consideration. 

It should be mentioned here, however, that the 
amounts are not carried direct to the credit of 
the partners on their capital accounts, but are 
taken to their respective drawiyujs accounts. 
These are accounts opened in the name of each 
partner for the purpose of recording amounts 
drawn by them from the business during the 
year on account of their shares of profits, which, 
of course, are not definitely known until the 
final accounts are made up. The drawings are 
usuf^lly in the form of cash, the payments being 
recorded in the cash book and posted to tho 
debit of the accounts as the money is drawn. 
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If, as sometimes happens, a partner has coods 
from the business for his private use, he is 
charged with the price in the same way as an 
ordinary customer, the amount being posted 
from the day book to the debit of his drawings 
account. 

Closing the Drawings Accounts. 

When the books are closed at the end of the firm's 
financial year, the balances of the drawings 
accounts are transferred by journal entries to 
tlu; i redit of the several partners' capital accounts. 
In the particular case with which we are dealing 
we will assume that the partners jointly manage 
the business, and, their capitals being the same, 
the profits or losses are shared equally. T\\ey 
will therefore be entitled to £220 Os. fijd. each, 
hut, as fractions of a i^enny an^ not regarded in 
accounts of this nature, a journal entry will be 


The method by which this is effected is by 
dividing the statement into two parts, one for 
assets, the other for liabilities. But before 
making up the statement — or, as it is called, the 
balance sheet^it is necessary to balance the 
accounts in the ledger from which it is compiled. 
Tiiis is done by writing in the amount of the 
balance on each account on the smaller side, 
then totalling and ruling off the account and 
carrying down the balance to the opposite side 
fvom that on which it w^as first entered. No 
journal entries need be made for these items, as 
they do not consist of transfei*;? from one accounh 
to another. Those accounts which have the same 
amounts entered on each side without the in- 
clusion of a balancing entry are ruled off, and tlu^ 
totals inserted. Having taken this necessary st(‘p, 
Ave can now construed our final balance sheet, thus ; 


HALANl'E SHEET, 31st DECEMBER, I0()r>. 


I^IATIILITIKS. 







Asskts 





■ 

Suntlry rreclitors ; 







Cush at Bunk 

414 

3 

2 ' 



F. Whito.. 

205 

12 

10 




do. in hand 

12 

18 

0 i 











— 

- 

— i 427 

1 

8 

S. Groy . . 

164 

9 

11 




Sundry Debtors : 



i 




— 



370 

2 

9 

A. Black . . 

200 

19 

0 ! 










(J. Brown 

190 

11 




AocM)unt3 : 







\\\ Green 

; IHH 

3 

1 



Smith 


6 

7 





! 

- 

583 

14 

2 

J ones . . , , 

1,570 

() 

0 

3,140 

13 

1 

Stock of t^ouds on 







■ 

- 

— 




hand 



: 2,500 

0 

0 





3,510 

15 

10 




' 3,510 

15 

10 


mad(*, debiting profit and loss account, and 
crediting Smith’s drawing account with 
£220 (is. 7d. A similar entry will be passed cre- 
diting Jones’s drawing account with £220 Os. (id. 
Tlieir drawing accounts will thus show' balances 
of £70 (is. 7d. and £70 (is. 6d., and these will be 
transferred to their respective capital accounts, 
increasing the credit balances thereof by the 
amounts so transferred, 'fhe accounts are 
variously styled drawing, private, or currtmt 
accounts in different businesses, but by wliich- 
ever name they an? known they contain in every 
case particulars of the same nature and arc 
dealt with as described. Any ov(u*drawing of 
his ascertained share of profit by a partner will 
be carried to the debit of the partner’s cax>ital 
account, thus reducing the amount of his capital ; 
but it is not unusual for a partner to pay into 
the business any excess of this nature, so that 
his capital account shall not be disturbed. 

The Balance Sheet. Having now dealt 
W'ith those accounts in the trial balance 
affecting profit and loss, and transferred (he 
balance ascertained (being (ho net x^rofit) to 
the partners’ accounts, we proceed to dispose 
of the remaining accounts, l^pon examination 
these will be found to^ consist of x^roi)erty 
belonging to the business, including debts 
owing by customers, or of amounts owing 
by t&) business ; in other words, of assets and 
liabilities. These have now to be arranged 
in the form of a statement in such a manner 
that the partners can see at a glance what 
is the nature and extent of the assets and 
liabilities. 


’I'hc diffcr(‘nce between the assets and (ho 
liabilities to outside creditors must al vajrs equal 
the balances of the x>roprietors’ capital accounts. 

Grouping of Accounts. The first thing 
to l)c noticed in connection with this balance 
slu^t is that items of a siitiilar nature are lirst 
cntcied in an inner column, and tlicir total 
extended to an outer column. This is to enable 
the x^roprietor of a business to see at once the 
amount of his x^roxxTty of a particular dc8crix)tion 
or the cxt^nt of his liabilities under a certain 
head.^ In the 8X)eeimen given the only classes 
of accounts, besides the capital accounts, in 
which there is more than one item, are the 
sundry debtors and creditors ; but in some busi- 
nesses the main classes ef assets and liabilities 
are subdivided under several heads, and this 
renders it necessary to group the various items 
under their proper headings in the balance sheet, 
in order that a correct idea of the nature of the 
prox^rty and liabilities may be formed. This 
feature of the balance sheet is obvious to the 
most casual observer, but there is a further point 
which would not bo so ax)parent to a xKjrson 
unfamiliar with such documents and the prin- 
ciples of their construction — that is, the order 
in which the accounts arc set out. 

Ranking the Assets. This is an 
observance of the principle that the accounts 
should enable the trader to ascertain not only 
the extent, but also the nature, of his assets and 
liabilities. The order in which the assets should 
be ranked is well settled on broad lines, but in 
some businesses there are classes of asset-s 
practically on the same level as one another. 


1466 





QROUP 24->0LBRK8HIP 


1 


and as to which there may be legitimate difference 
of opinion regarding their order of priority. 
These are, however, unimportant. The guiding 
principle to be observed is that the assets should 
be ranked in the order in which' they are most 
readily available for realisation. Following this 
rule, the assets should be arranged in the 
following order : 

1. Cash. In many busin<^sses this appears in 
various forms : (a) cash at bank on ordinal 
current account — i.e., paid in and drawn upon 
by cheque daily ; {b) gi'iieral cash (if any) in the 
office ; (c) petty cash in the hands of the petty 
cash officer; (d) cash at bank on deposit in 
respect of which it may be necessary to give the 
bank notice of withdrawal before it can be 
obtained. 

2. Investments belonging to the business. In 
trading concerns it is not often that the cash 
capital is used for the purpose of buying securi- 
ties. It can be more profitably employed in 
the purchase of goods of the description sold 
by the business. If,, however, there should be 
any investments, it is desirable to specify them. 

3. Sundry deV)tors. These are frequently 
divided into two classes — those who have given 
hills for the amount of their indebtedness, and 
those who have not. The form(?r appear under 
the head of bills receivable; the latter under 
.sundry debtors on open accounts, which are 
those showing a balance due for which the 
business has received no payment of any kind. 
The totals of the two classes appear first in the 
inner column, and are then extended into the 
outer column as one item. 

4. The stocks of goods belonging to the 
Inisincsa. These will consist of the stock 
actually on the premises, and of any items that 
may be in the hands of other persons, either for 
sale on commission (con.signments) or on 
approval. 

5. Movable property of a less easily realisable 
nature than those given above, consisting of {a) 
plant and machinery; {b) horses, carts, and 
motor vehicles ; (r) fixtures, fitting.s,' and 
furniture ; {d) patent rights. 

6. Immovable property— including (a) free- 
hold land and buildings, and (6) leasehold 
premises. 

7. Goodwill. 

Ranking the Liabilities. On the other 
side of the balance sheet also it is necessary to 
have a systematic arrangement of the items. 
There are liabilities of various kinds, and the 
order to be observed in arranging them is, in an 
ordinary business, as under: 

1. Any liabilities for which security has Ix^en 
given, such as mortgages or an over-draft at the 
bank. 

2. Sundry trade . creditors, distinguishing 
between those who hold bills payable and those 
on open accounts. 

3. Any reserve accounts which may have been 
created. (These will be explained later.) 

4. The capital accounts of the proprietors. 

The rule to be followed in arranging the liabili- 
ties is to state first those to persons outside the 
business, and then other liabilities, such as that 


of the business to the proprietor for the amount 
of his capital. 

Floating Assets. The assets set out 
above may be divided into two classes : 

(1) Those constantly changing in character. 

(2) Those which do not so change, but remain 
in the same condition throughout (subject 
to wear and tear). 

The first four items will be included in class 1, 
and are known as lioating assets. A study of 
the ittniis will, in a measure, explain this 
description. The cash, debts, and stock are 
eon.stantly changing hands, while their value is 
<*.onl imially fluctuating as between themselves, 
and, if the busin(*ss is successful, also increasing. 
That they change in (iharaeter and increase in 
amount will be evident if we consider the 
various steps in conn(H-tion with a ])urchase of 
goods. 

An order for goods is givim by our trader. 
The goods arrive and are taken into stock, 
thereby increiising that item. They are then 
paid for, the result being a diminution of the 
i)ank balance. In course of t ime they are sold, 
thus reducing the stock and increasing the book 
debts. Subsequently the debtor may discharge 
his liability by giving a bill, thereby adding to the 
value of bills receivable and reducing the open 
book debts. r.Jiter, the hill is met at maturity, 
and increases the hank balance. The net result 
should be an augmentation of the cash in the 
bank, for naturally our trad(‘r will not have sold 
the goods for less than Ik? gave for them. 

Fixed Assets. The remaining assets, on 
the other hand, may be said to be permanent. 
They are used over and over again in the making 
or liandling of t he goods. J n an ordinaiy trad ing 
conc<*rn tin? premis(‘H, plant, maehin(?ry, fixtures 
and furniture an? used daily in (tarrying on the 
business, which, indeed, could not be continued 
without them. A manufacturer uses his 
nuMjhinery — his fixed asset — to transform his raw 
.^'.aterial — his floating asset — into the finished 
article. And this not once, hut many times. 
The machineiy has not (?hanged in form in any 
way, but the transformation of the raw material 
into the finished piece is another illustration of 
the manner in which the floating assets change? 
in character and value, for the manufactured 
goods will naturally be worth more than the 
raw material of which they are made. To 
summarise the matter, it may be said that the 
fixed assets are those which are continually u.scd 
to earn income for the proprietor. 

It should be noticed that an item which in 
one business is a fixed asset, may in another 
be ranked as a floating asset. For instance, 
machinery employed in a print ing establishment 
would bo a fixed asset, wliile in the case of a 
maker of machinery it would bo part of his 
stock, and therefore one of his floating assets. 

Depreciation of Assets. A passing 
reference has been made to wear and tear o^ 
tho fixed assets, and mention has also been 
made of the depreciation of the stock of goods in 
thelhands 6i a trader. These are matters which 
engage the serious attention of tho accountant 
when preparing the final accounts, for unless 
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due allowance is made under these heads before 
determining what is the net profit of a business, 
the result obtained is misleading^and may involve 
grave consequences. Practically every asset 
of a business, T^ith the exception of cash, is 
subject to depreciation of one kind or another. 
The rate or amount is not, however, by any 
means fixed. 

The depreciation of stock-in-trade has re- 
ceived some consideration, and it will be suflR- 
eient to state that as a general rule stock should 
fall very little in value. 

Wastage of Fixed Assets. It is chiefly 
in connection with assets of a permanent nature 
that care has to bo taken to make jiropcr pro- 
vision for decreafcio in value. In a manufactur- 
ing business, for example, the wear and tear of 
the machinery is as much a part of the cost of 
the manufactured articles as is the cost of the 
raw materials and the labour put into them. 
The measure of the cost under this head is the 
dilTerenco lietween tlic price of the rnachinii and 
its present value. The latter could only be 
ascertained by calling in an expert to make a 
valuation. This is not found convenient in 
practice, besides being costly, and another 
methcKl of arriving at the amount of loss to be 
charged is adopted. A manufacturer knows by 
experience, or can ascertain from the mak<‘r, 
the ])robable duration of the machine. The 
nuinW of years for which it can be used is 
divided into the cost price, and the amount thus 
obtained is charged each year in tiu' profit and 
loss account as an expense of thi‘ business. 
Inhere are more scientific methods of arriving at 
the amount which should be eharged or written 
off, })ut they can be dealt with a] » propria tely lat<T. 

Possibility of Obsolescence. Besidi^s 
wvixr and tear Xo the maehinc there is a 
further m.atter to be considc^red when dealing 
witli an asset of this nature. Human ing<*riuity 
is eonsf antly devising new and improved methods 
of manufacture in practically all industries, and 
this factor should be taken into consideration 
when forming an opinion as to the jieriod for 
whicli the machine will be valuable. For in 
the event of a now machiiu^ being platted on the 
market of such a nature as to render it im[)ossible 
for the manufacturer to eontiuuo his present 
methods owing to the adojition by his rivals 
of the chca})er or quicker system, he would 
have to ri'gard his machine as olisolctc, and put 
himself on an equality with them by installing 
one of t he latest pattern. 

From these remarks it will be seen that there 
are elements which render it imjiossible to 
place absolute reliance upon the estimate formed, 
however carefully it may have lx‘cn made. The 
utmost that can be done* is to take into con- 
sideration every contingency that can be fore- 
seen and form a conclusion upon those premises. 

The remarks upon the question of wear and 
tear apjily to the other fixed assets mentioned on 
the preceding page, save only the freehold land 
and the goodwill, for it is clear that neither 
horses nor carts improve with age, that motor 
•vehicled seriously depreciate', &Qd that if the 


business has had the benefit of their services 
it must not only be charged with the wages 
of the carmen and forage, petrol, tyres, and 
stabling, but also with the decrease iri value 
which has taken place in consequence of the 
horses and vehicles being used for the purposes 
of the business. Fixtures stand in the same 
position as machinery, and the decrease in their 
value must form a charge in the same fashion. 

Patent Rights. Patent rights stand upon 
rather a different footing. Patents are granted 
for a period of fourteen years, during which the 
patentee has the sole right of using the invention 
forming the subject of the patent. At the end 
of that time the general public will beat liberty 
to use the invention, and, as an asset, the 
invention will have disappeared, subject to any 
value there may be in the goodwill which may 
have been built ii]) by the patentee as solo maker 
during the existence of the patent. With this 
reservation, thercfori*, the patentee has to 
contemplates this certain Joss of a jairticular 
asset within a known period, and he should take 
steps to extinguish the book value by writing 
off a pro])ortion each year as depreciation. 
The sam(‘ course should be ado[)tod with the 
book value of leasehold premises, the amount 
written off (k^piauling ])rincipally upon the. 
nuinlx'r of yc'ars the lease has to run. 

The only remaining item in our list is good- 
will. Fxcept in the case of a steadily losing 
business this cannot be said lo depreciate 
regularly. It may fliictuate with the rise and fall 
of th(‘ profits of a business, but it should rarely 
bo appreciated in the books, and is, on the con- 
trary, frixpumtly written down cither directly 
or indir<H*tly by means of a ri'serN C, wdiich need 
not b<^ ex[)lained here, but is considered lat(T. 

Method of Recording Depreciation. 

The manner in which the operations described 
are perforuuxl is to del>it profit and loss account, 
and credit the particular asset to be depric’atcd. 
The debit to profit and loss is not, howeviT, 
entered direct on that account. A depreciation 
account is opened and debited with the several 
items to be charged in respect of tho various 
assets, the journal entry being made as follows : 


Depreciation Dr. 

To macliinory 

,, Horses, carts, and motors 
„ Fittings 
„ Patent 


200 

75 

25 

08 


being the amounts to be written off for 
depreciation during the year as agreed by 
partners. 

The depreciation account will be closed by 
transferring the balance to the debit of the profit 
and loss account by a journal entry. 

It onl,y remains to be said that in the case 
of tho fixed assets the depreciation written oft 
is shown in the inner column of the balance she<,‘t 
as a deduction from the book value before the 
amount was charged, the net amount being 
extended. j, y. G. BBICB 
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Interest, Simple and Compound. Present Worth and True 
Discount. Bills of Exchange and Commercial Discount. 


INTEREST AND DISCOUNT 


INTEREST 

120. If a person borrows money, he usually 
pays something for the loan. The sum of money 
he borrows is eallecl the Principal ; the money he 
pays for the use of the principal is called 
Interest is generally reckoned at so much for the 
use of each £100 for one year. This amount is 
called the Rate per Cent, per Anmmi. 

Thus, if we say tliat £200 is borrowed for 
throe years at 4 per cent, per annum, we mean 
that the borrower, at the end of each year, 
pays the lender £4 for each £100 borrowed — f.e., 
£8 interest for each y(‘ar. 

In the above example, w'here the interest 
is supposed to be paid to the lend('r at the end 
of each y(‘ar, it is clear that the interest is 
proportional to the number of years — that is, 
the interest for two y(‘ars is twiet^ the inter(*st 
for one year, the int-erest for seven years is seven 
times that for one year, tlie interest for one 
month is ,1, that for one year, and so on. 
Interest thus reckoned is call(?d Simple Interest. 

If, however, the interest at the end of the 
first year is unpaid, it is added to the prin- 
cipal and thus forms a new prineijial for the 
second year. Conscrinently, the interest for 
this second year will lie more than the interest 
for the first year. When the interest is added, 
year by year, to the prineipal, as it becomes 
due, the money is said to be lent at Cornpmnd 
Interest. 

The sum obtained by adding the interest for 
any given time to the principal is called the 
Anuiunt in that time. 

121. Suppose wc have to find the simple 
interest on £420 for three years at 5 ])er cent, 
per annum. 

• 

The number of hundreds borrowed = 

100 

Interest paid each vear 

100 

/. Interest paid for 3 years — ^ ^ 

Hence we see that 

Interest — ^ ^ y^'ars), 

or, in other words, to find the simple interest 
multiply the principal by the time expressed in 
years, and by the rate per cent., and divide the 
product by 100. 

Example 1. Find the Simple Interest on 
£162 10s. for four years at 3J per cent. 

Interest = 

100 


13 


X 7 
^x^xW\ 


£V =: £22 15s. Ans 


4 

The work may also bo arranged as follows : 
Example 2. Find the amount of £345 158. 4d. 
in 15 months at 2.^ per cent. Simple Interest. 


£ s. d. 
4)345 15 4 
Sfi 8 10 
2)4.02 4 2 

2 

804 8 4 
216 2 1 
£1(X8() 10 
20 
Itnos. 

l,25d. 

4 

1 ()()f. 


FiXPLANATio.v. 15 months — IJ 
years. Write down the princi- 
pal, and add onc-(juarter of it, 
giving £432 Is. 2d. Multiply 
this result by 2J, giving 
£1,080 10s. 5d. Divide by 100 
[Art. 25]. Thus, tlie interest is 
£10 16s. l.}d., and Amount = 
Interest f- Frineipal. 


£ 8. d. 
Interest = 10 16 H 

Prineipal - 345 15 4 
.*. Amount — £3.^)6 11 5} Ans, 


122. Since, Interest — Principal x Hate xTime 
- 4 - 100, it follows that if we are given any 
three of the four quantities — interest, principal, 
rate, time — we can find the fourth quantity. 
In the last article wt^ considered the case in 
which interest was the quantity to bo found. 
We shall now work examples illustrating the 
other three ciuscs — viz., to find the rate, to find 


the time, and to find the principal. 

Example 1. At what, rate per cent, will the 
Interest on £175 for 4 years amount to £24 10s. ? 

Either, by proportion, find the interest on 
£100 for 1 year (which is the required rate), 
knowing that the interest on £175 for 4 years 
is £24 1 Os. Thus 
£1001 


£175 
4 yr. : 1 yr.| 


£24 lOa. 


Rato - 


Required Rato. 

XJOO ^ x\m ^ Ans. 
175x4 2xW^xi -^-2 

T 

Or, find the interest on £175 for 4 years at 
I per cent, and divide the result into the given 
interest. Thus — 


Interest on £175 for 4 years at 1 p(T ;ent. 
^1/5x4 £7 

100 

/. Required rate - Ans. 

Note. If we are given the amount instead 
of Jihe interest, wc must first find the interest by 
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subtracting the principal from the amount and 
then proceed as above. 

Example 2. In how many years will £175 
amount to £199 10s. at 3J per cent. ? 

Here, interest = £199 10s. - £176 — £24 10s. 
Wo now find the interest on £175 for 1 year 
at 3^ per cent, and divide the result into the 
given interest. 

Interest on £175 for 1 year at 3^ per cent. 
£175 x3i 7 x7_.iq 
100 2 x 4 

/. Required number of years 
= £24^-1- £V, 

= X 4j;«vr2_^ 


Example 3. Find the Principal wliich will 
amount to £199 10s. in 4 years at 3^ per cent. 
The interest on £1 for 4 years at 3| per cent* 


4x3^ 

100 


£•14 


£1 is the principal, which amounts to£l’14 
in 4 years at 31 })or c(‘nt. 

£iq0l 

Required Principal 

1*14 

2.3 7 


If we are givTu the interest, instead of the 
amount, we proceed in the same way — i.c., we 
find that the interest on £1 for 4 years at 
3^ per cent, is £*14, and then wo know that 
Required Principal -- G i von I nterest *1 4 


123. If the time, for which the interest is 
required, is from one given date to another, 
such as “ April 12th to July 14th,” W'o do not 
count the first of these days. In the case just 
mentioned, interest would be reckoned for 
30-12, i.€., 18 days of April, 31 of May, 30 of 
June, and 14 of July, making a total of 93 
days. 


124. Compound Interest. From what 
has already been said about Compound Interest 
it is plain that we find the Amount in any 
given time by calculating the Simple Interest 
for each year in succession, the Principal, of 
course, becoming greater in each succeeding 
year. The Compound Interest for the whole 
period will be the difference hotw^een the 
Amount and the original Principal. 

The work can be more compactly arranged by 
using £'8 and decimals of a £, than by using 
£ s. d. 


Example. Find the Compound Interest on 
£1375 for 2 years at 3 per cent. 

£1375 = 1st ye^ir’s Principal. 

41*25 = „ Interest. 

1416*25 = 2nd year’s Principal. 

42*4875 = „ Interest. 

1458*7375 = Amount. 

1376 

£83*7375 = Total Interest. 

^ 

. ’I4*76i^f^. 

1470 


•76 

J12 

9*qqd. £83 148. 9d. Ans, 


Explanation. To find the interest for 1 
year at 3 per cent, we multiply £1375 by 3 and 
divide by 100. Hence our second line is 
obtained by multiplying 1375 by 3 and moving 
the digits two places to the right. Then, 
adding 41*25 to 1375, wo get £1416*25 for the 
second year’s principal. We now repeat the 
process — multiply 1416*25 by 3 and move 
the digits of the product two places to the 
right. This gives 42*4875 for the second year’s 
interest. Add this to the second year’s princi- 
pal, and wo obtain the Amount. Subtract the 
original principal, and w^e have £83*7375 for the 
Compound Interest. The £ 7375 is reduced to 
shillings and pence, as in Art. 91, Ex. 3. 

125. Before proceediug further, it will he 
convenient to consider how the labour of 
finding Compound Interest may bo lessened. 

Suppose Ave have some decimal, such as 
5 *274 03, and that wo are asked to write it 
“ correct to three places.” This means that wc 
are to write down a number of only throe deci- 
mal places which shall bo as near as possible to 
the actual value 5*27463. The result is 5*275. 
For the given decimal is 5*2746... and 46 is 
nearer to 50 than to 40, so that 5*275 is nearer 
Iho true value than is 5*274. 


Similarly, the value correct to two places is 

5*27. 

Again, our smallest coin is the farthing. 
Hence it is unnecessary, in ])raciicc, to express 
any oiim of money more accurately than “ to 
the nearest farthing” — i.e.^ wo take a value 
which differs from the true value by no moni 
than half a farthing. Now, 1 farthing = 
£s>Je'== £’001041 .. . which is very nearly equal 
to £ 001. Thus, if Ave haA^e a sum of money 
expressed as a decimal of a £, correct to three 
places, it will bo correct to the nearest farthing. 
Therefore, in Avorking Compound Interest, if wo 
reject figures beyond the fifth decimal place we 
shall still obtain tho value correct to three 
places — i.e., to tho nearest farthing. 

Example. Find the amount at Compound 
Interest of £38 28. 6d. in 3 years at 2J per cent. 

£38 2s. Od. 

= £38*125 = Ist year’s Principal. 

2*5 

•76256 

;19060 

*95310 = 1st year’s Interest. 

38* 125 

39 078 10 = 2nd year’s Principal. 

2*5 

*78166" 

•19 535 

•97691 5= 2nd year’s Interest. 

39*07810 

40*06601 = 3rd year’s Principal 

2*5 

•80110 

*20025 
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1*00135 s= 3rd year*8 Interest 

40 05501 

£4105636 = Amount. 

20 

1 12720s. 

_ 12 

l-5264bd. 

4 

21056 0 far. 

£41 Is. Ijd. Ans. 

Explanation. Multiply by 2 and move the 
digits two places to the right, as in Art. 124. 
Next, in multiplying by 5, the first figure of 
£38*125 which gives a digit in the fifth place is 
the 2. Hence we begin multiplying at the 2, 
exactly as if the multiplicand only consisted of 
38*12. Similarly, in finding the second year's 
interest, the first digit of .‘10'07810 which, when 
multiplied by 2, gives a digit in the fifth place 
is the 8 ; and when multiplying by *5 the first 
digit required is the 7. Proceeding in this way, 
we obtain £41 05630, of which not more than 
the 41056 will be correct, but this, as we have 
seen, gives a result corn^ct to a farthing. If 
we work out the above example in full, we find 
that the Amount is £41 056455078125. This, 
when reduced to £ s. d., gives £41 Is. IJd. 
H- 196875 farthings; i.e., £41 Is. Ud., which 
agrees with the first result. Evidently then, 
it is a mere waste of labour to work the example 
in full. 

126. In some cases we arc t(.)ld that the 
interest is payable half-yearly, or (juartorly. 
Wc proceed in the same way as before, except 
that wo find the interest for a half year (or 
quarter year), and add the principal, to obtain 
the principal for the second half year (or (pjarter 
year), and so on, until we reach the end of the 
required time. 

127. As in Simple Interest, if we are given 
the Amount (or the Interest), the Hate per Cent., 
and the Time, we can find the Principal. 

First, find the Amount (or the Interest) of 
£1 for the given time at the given rate. <Then 
the principal is found by dividing the given 
amount (or interest) by the amount (or interest) 
of £1. 

128. Present Worth and Discount. 

Suppose a man has borrowed £100 at 4 
per cent., payable after one year. His debt 
at the end of the year will be £104. Suppose, 
also, that he finds himself in a position to 
discharge the debt at the end of six months, 
instead of letting it go on for the full year. 
Clearly, instead of paying £104, he should only 
pay such a sum as, put out to interest at 4 per 
cent., will amount to £104 in the remaining 
six months. By the method of Art. 122, Ex. 3, 
such a sum is found to be £101 jy, or 
£101 19s. 3d., nearly. 

This £101 lOs. 3d. is called the Present Worth 
of the £104 due in six months at 4 per cent. 
The difference between the present worth, 
£101 19s. 3d., and the amount which would be 
due in the six months, £104, is called the True 
DiacounU 


Thus, the problem of finding the Present 
Worth is exactly the same as that in Art. 122, 
Ex. 3, when the interest is simple ; and is the 
same as Art. 127 if the interest is compound. 

Example 1. Find the Present Worth, and 
True Discount, on £40 8s. due in 73 days at 
5 per cent. 

Interest on £100 for 73 days at 6 per cent. 

= Jx5.* £1. 

.*. Present worth of £101 -- £100. 

,*. Heqd. Present Worth = £*^^^ ^ =£40) . 

101 [ Ans. 

.*. True Discount - £40 8s. - £40 8s. J 

Example 2. Find the Present Worth of 
£1458 Ms. 9d. due in 2 years at 3 per cent. 
Compound Interest. 

£ 1 . 

■03 

1*03 = Amount in 1 year. 

•0309 

1 ‘0()00 = Amount in 2 years. 

•*. Present Worth of £1 0609-- £l. 

.*. Pre>ent Worth of £1458 14s. 9d. 

_ £1458-7375 
£1 (3609 ‘ 

I *0609) 1 4587 375( £1 375 A ns. 

39783 

79567 

53045 


Ex PLANA 7 TON. Find the amount at 3 per 
cent, compound intert^st of £l for 2 years, viz., 
£1*0609. Reduce 14s. 9d. to the decimal of 
£1. Then, since £l is the Present Worth of 
£1*0609, the required Present Worth is the 
quotient of 1458 7375 by r0609. 


BILLS OF EXCHANGE 

129. Ill (5oinnuTcial traiiKactions, an agree- 
ment to pay a sum of money at some stated 
future date is made by a Bill of Exchange, or by a 
Promissory Note. [See Clerkship, page 663.] 
Suppose a merehant, James Brown, receives 
an order for goods to the value of £200, from 
another merchant, John Smith. Instead of 
paying cash. Smith authorises Brown to draw 
a Bill, to be paid by Smith after a certain period, 
usually three months. Brownaccordingly writes 
out the Bill of Exchange, as follows ; 


£ 200 . 


Birmingham, 

13tli November, 1905. 


Three months after date, })ay myself, or order, 
the sum of two hundred pounds, vuliu^ received. 

James Brown. 

To 

Mr. John Smith, Merchant, Leeds. 

The bill is forwarded to Mr. Smith, who 
“ accepts ” it — j.e.,*aeknowledges the debt, by 
writing “ Accepted,” followed by his signature, 
across thu face of the bill, and returns it to 
Mr. Brown. The bill is nominally duo in three 
months after November 13th, but the law 
allgws three extra days, called Days of Grace ; 
80 that it legally falls due, or “ matures,” on 
February 16th. 


1471 



jmbUP M-MATHSMATUMI 

Btown may keep the bill till February 16th 
aud then “ present ” it for payment, to Smith* 
or Smithes banker, who will pay the £200. 

Brown may, however, before February 16th, 
sell the bill to a third person, either a banker 
or a Bill-broker, for cash. The broker is then 
said to have discounted the bill. As the 
broker has still to w^ait a certain time before 
Smith pays the bill, he will not pay Brown 
£200 for it. Suppose Brown gets the bill dis- 
counted on December 6th “at 6 per cent.” 
Then, tho number of days before the bill falls 
due is 20 -4- 31 -I- 16 = 73 days. The broker, 
therefore, calculates the interest on £200 for 
73 days at 5 per cent., and deducts that amount 
(£2) from the Face Value (£200) of tho bill. 
Ho thus pa 3 r 8 Brown £198 for tho hill. 

The amount w^hich the broker deducts from 
the face value is called Commercial, or Banker's, 

" bUcouiU. We see, then, that the problem of 
' 6nd^g, the Banker’s Discount is the same as 
that of hnding the Simple Interest on the face 
v^ue, for a given time, at a given rate (Art. 121). 

180. The ordinary form of Promissory Note 
is as follows : 

Leeds, 

LHh November, 190.). 

Three months after date 1 promise to pay to 
Mr. James Brown, or order, the sum of £200, value 
received. John Hinith. 

It should be noticed that in the case of a Bill 
of Exchange the document is written by the 
creditor, while a promissory note is written by 
the debtor, 

181. Since, 

Amount (i.e,, Face Value) = Present W^orth 
+ True Discount, it follows that 

Interest on Face Value = Interest on Present 
Worth + Interest on True Discount j that is. 

Banker’s Discount = True Discount f Interest 
on True Discount. 

The difference between the Banker’s Discount 
and the True Discount is, therefore, the interest 
on the True Discount. 

Example. The difference between the Ban- 
ker’s and the True Discount on a certain bill due 
in 2 years at 6 per cent, simple interest is 
£1 ISs. Find the Amount of the bill. 

We know that £1 13s. is the simple interest 
on the True Discount for 2 years at 5 per cent. 

Therefore, by the method of Art. 122, Ex. 8, 
we can find the true discount. For £10 is tho 
interest on £100 for 2 years at 6 per cent. 
Hence, 

£10 : £1 138. ; ; £100 : True Discount. 

Ttaie discount = £16 lOs. 

c«UU 

The Banker’s Discount is* therefore, £16 lOs. 
+ £1 13s, = £18 38., and we have now only 
to find on what principal the interesVfor 2 years 
at 5 per cent, amounts to £18 3s. 

' £10 ; £18 38. ; I £100 : Required Bill 

J^oxmt of Bill ss * £181 IPs. Ana, 


BXAMPtES 16 

l..Find, to the nearest penny, the Simple 
Interest on £2623 lls. 6d. f or 5 years at 3^ 
per cent. 

2. At what rate per cent. Simple Interest, 
will £876 amount to £980 in 3 years ? 

3. The simple interest on a certain sum for 
8 years at 4^ per cent, is £183 3s. Find the 
Sum. 

4 . In what time will money double itself at 
4 per cent. Simple Interest ? 

6. Find, to the nearest penny, the Amount of 
£1420 in 3 years at 6 per cent. Compound 
Interest. 

6. Find, to the nearest penny, the Compound 
Interest on £.58 4s. 7d. for 2 years at 4 per cent., 
the interest being payable half-yearly. 

7. Find the Present Worth of £231 Is. lOJd. 
due in 21 years at 3J per cent, simple interest. 

8. Find tho True Discount on £1447 Os. 7^6. 
due in 3 years at 6 per cent. Compound Interest. 

9. A bill duo in 3 years is discounted at 
4 per cent. The difference between the True 
Discount and the (Commercial Discount is 10 
guineas. Find the Amount of the bill. 

ANSWERS TO EXAMPLES 15 

1. To lose .5 per cent, ho must sell for 95 per 

cent, of cost. To gain 7 per cent., he must 
H<‘11 for 107 per cent, of cost. 95 : 107 
! : £247 : Required Price. Hence, he must sell 
for 247 X 107 -4- 95 £278 48. Ans. 

2. Ho buys equal numbers at the two rates* 
and sells 6 for 3d. Take, then, the L.C.M. of 
2, 3, and 5, i.e,, 30. Now 30 at 2 a Id. cost 
L5d., and 3(1 at 3 for 2d. cost 20d. Tho total 
cost is 35d. He sells the whole 60 at 5 for .3d., 
i.e., for 36d. He thus gains Id. on an outlay 
of 35d. His gain % is ^ of 100- 2g Ans . 

3. 9s. 7d. -Os. 2d., i.e., 6d., is 4 per cent, of 
the cost, or ^ir of tho cost. Cost= 25 x 6d. 
- 126d. Hence, by selling at 9s. 7d., ho loses 
lOd. His loss per cent, is AP, of 100 = 8 per 
cent.^ And, therefore, by selfing at Os. 2d. he 
loses 8 4- 4 - 12 per cent. 


4. 750 eggs at 16 a shilling cost 760-- 15 — 60s. 
He loses 2 per cent, of this, i.e., he loses Is. 
But the number of eggs he lost was 113. Hence 
he sold (750 - 113)-r49, or 13 eggs for Is. 


5. 24 lb. of tea at Is. lOd. cost £2 4s. ; 8 lb. 
at 2s. lOd. cost £1 2s. 8d. The total cost of 
32 lb. of tea is, therefore, £3 6s. 8d. To gam 
10 per cent, he must sell the 32 lb. for of 
£3 6s. 8d. Hence, the selling price per lb. 


11 X £3 6s. 8d. 
10x32 


=*28. 3|d. Ans. 


6. As in Art. 119, Ex. 5, if he buys 5 per 
cent, cheaper and sells to gain 4 per cent, he 
sells for X J of actual cost = J of actual 
cost. But he really sells to gain 10 per cent., 
i.e., for \}f of cost. Therefore, £168 is (H^ 
of cost. Whence, cost = £16()0, so that to gain 
10 per cent, he must sell for £1660 Ans. 


H. J. ALLPORT 
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Build Up For 
Your Future 

This book should last your lifetime. IC very day you ilelay 
bifuling your parts of the Self-Kdueator they deteriorate, 
and that is the last thing you want to happen, for such a 
valuable work of reference, which you will want to turn 
to frequently, should be guarded and kept with the 
utmost care. And the only wav to do that is to biiul 
your parts, and the best way to bind them is in the 
publishers' cases, which can be obtained in tw'o styles : 


Handsome 

Durable ■ 

f 1 

Half-Leather Sh | 

Full Cloth 

11“ 


Postage 3d. Extra in the United Kingdom. 


No other cases are so artistic or give your volumes 
so much distinction. Nor do any others wear so 
well. ddie publishers order these cases in large 
(|uantities, and therefore offer them lU a much lower 
price than would otherwise be possible. FJind your volume 
now. It will double the value of the book to you. 



IMPORTANT 

The SELF - EDUCATOR 
should be bound only in the 
publishers’ covers, which 
are not only the cheapest 
and best, but are specially 
designed to make reference 
easy. The choice of other 
covers leads to frequent con- 
fusion and disappointment. 




The Hal!-* Leather Binding— 2s. 6d. 


AT ANY HOUSE IN THE WORLD FOR 18. 6d. A YEAR 

Do you want }(njr t(.) ^row up in such a huiTy tliat its truth gels mixed 

understanding the world about them ? Do with doubt, ami its doubt with ialsehood ? 
you want them to lit tliemselves into the \y^.\\ the papL^r. It has no ad- 

lifc of their town? vertisemeiits. It has no jxdities. It has no 

Do you want them to understand the ('dme. It has no room lor things that do 
j)roblcms of life as they begin outside their not mattc'r. It has no interminable columns 
home — to know why the policeman stands oi matter that you can never read, 
at the corner, why the ral(‘-collector calls, it is brief and pointed. It lo(.)ks forward 
why motor-cars must have numbers, why to the future of the world and makes a note 
vehicles must carry lights, why a dog must the things that matter, the things that 
have a licence, wh\' baby must lx* registered, ^re shaping and making the world in which 
why this and that and a thousand things children are growing up. It tells 

must be done in your Iil(‘ mid theirs? them, in plain language that they can 

There is a pajw made tor them. It is the understand, all that they need know of what 
very thing they want. To give it to them is happening in the world in which you have 
is like sowing the seeds {>1 good citizens in placed thcmi. Do noVlet your boys and 
your household. Never before has there girls read trash ; give them the Little Paper, 
been such a paper, and it is the only paper it costs you almost ^willing. Buy a copy 
of its kind in the English language. the Children’s Magazine, and the paper is 

Who has not wished for a newspaper given away with it. Or send a penny stamp 
which published only good tliitigs, true to the Publisher, Flectw'ay House, London, 
things, important things ; which would E.C., and a copy will be sent to you. Or 
wait until the truth is really known be^^re it will be delivered at any door in the 
it blazes it out to the world ; which is not world for is. M. a year. 

The CKildren's Megexine They are only 

and The Little Paper Sejenpence 

i^inted and published fortniifhtly by the Proprietors, The AmalKaroated Prc&s, Liinitetl. TIi Fleet way House, Farringdon Street, I.ondoii, 

Gordon & Gotch. Melbourne. Sydney, Adelaide, Brisbane, Wellinifton. N.Z. 8* AMea: Central News Aj^ency, Ltd. Cape Town, 



A KEY TO THE HARMSWORTy SELF-EDUCATOR 


Group 1. Success 

The Secret* of a Successful Life. Personality. Appr'e-I 
Education. Ideas. The Onalities that Win in the World. 

Group 2. Geography and Travel 

‘Geogkaphv. Physical, Political, and Commercial. 

Travel. Educational Travel. How to See the World. 

Group 3. Arts and Crafts 
Art. Ideals and History ot Art. The Old M.TSters. 
Drawing. Preehand. Object. Brush. Memory. Lislit A'Shade. 
Painting. Theory and Training. 

Design. Design in Cr.'.fts and Trades. BooU-decoration. 

Illumination. Design for textiles, wallpapers, metal work. 
Sculpture. Modelling. Chiselling. Casting. 
Architecture. Theory. Styles. Training. 

Carving. Wood. Bone. Ivorv. Tortoibeshell. 

Art Metal Work. A I’ractic.d Course. 

FiiOTOGRAriiY. A Course ol Simple Lessons with a Camera. 

Group 4. Physiology and Health 
PlivsiOLOOV. Siruetiiie diid Working of the Human Body. 
Health. 'Ihe Laws of Health and Personal Ilygn ne. 

Group 5. Agriculture and Gardening 
Farming. A Practical Course in the Cultivation of the 
Earth. Live stoc.k. Dairying. Poultry. Beekeeping. 
EOKK.STRV. 'ihe Ihcoryand Practice ot M.inagiiig lues 
'Gardening. Canlens lor Ple.isiire and Profit. 

Group 6. Chemistry 

•Chemistry. Coinplel*' (^inr'^e in I heoty and Pr.nctiee. 
Applied Chemistry, 'Ihe Apiilications of Chemistiy in 
Industry, t lieunc.il .\n.il\sis. Acids an-l Alkali* s. Oils and 
la Is. Waxes. Candles. Soap, (ilvrenne. \ Ol.itiie nil, 
and Peilume.s. Paints and Polishes. GIu< s. Starch. Ink -, 
t oal Tar Products. Wood Di'-tillali«»n. Celluloid. Matthew. 
Arliticial M.inur*'S. I'let tro cheniibli y. Water-Softeuni-:. 
Waste Products. .Nrtilicial Silk. 


Group 7. 
The Story of All Ages and i‘ 
Years — Proni Eg>pt .iikI B.il 


History 

oples tor < )vi r J'en 
Ion to Hnrope 


ihoiis.in 1 
in 10 1 1. 


Group 8. Civil Engineering and Transit 

Civil KnciINfi-ring. Smveying. Vaiietie-, f CoM->tnic 
tion. Keitiforced Concrete. Koads. Biidg' s. Kaiiwav- 
aiul 'I'niMiways. V\.it*r Supply. Si'werag Ketnv 
Hydraulics. Pumps, ll.uboiirs. Docks. I.iglithui 

Vehicles. Constiuetion an 1 Pse, Cycles. Cabs, Bus.'^.'lr.ims. 

Moiors. Design and Management ot a Motor Car. 

Aviation. Science and Management of Elvitu; Maehines. 

Railways. The Management and Control of Kailwivs. 

Snii’BUiLDiNG. Shipping. ].)esi.'ti and Constt u« ii<mi 

Group 9. Literature and Journalism 

Litfraiure. a Survey ot English Liler.ilun' ami Eoreign 
Classics, The WorKl’s Great BotdvS and th<-ir Wi iters. 

Journalism. How to Income a Journalist. A (iuide to 
Newsp.iper Life. How to Write. '1 lie Journalist’s Sysi«-iu. 

Printin*;. Coinposing by Hind and Machmc— Linotype 
and Monotyfio. Stereotyping and Printing. 

Type. Type cutting and bounding. 

Engraving and ICiching. lilockiiiakiiig and Process Work. 

LiiMOGRAPHV. Printing from the Stone. 

Bookbinding and Puiilishing. Binding and Issuing P.ook'.. 


Group 13. Physics and Power 

Physic*. The Science of Matter and Motion. 

Power. Sources and Uses of Power. Air. Water. Wind. 

Sun. Steam. Oil. Gas. For E.lectricity, sec Group i6. 
Prime Movers. Structure and Management of all Engines. 

Group 14. Building Trades 

Building. The Building drades and Building Materials; 
their Mamif.ictiire and Use. Building a House. Ex- 
cavating. Dnamage. Drirks, Limes, and Cements. Buck- 
laying. Clay Wares. Reinforced Concrete. Masonry. 
Carpentry. Slates.md Tiles. Plumbing. Joinery. Foundry 
and Smith’s Work. Painting. Papering and Glazing. 
Heating. Lighting. Ventilation. Quantity Surveying. 
Wood-working Machinery. The M.iehmes Used m 
Working Wood: Sawing, Turning, Planing, Moulding. 

CaHINKT .MAKIN«i -llld UfHOLSTERING. 

Croup 15. Natural History 
Botany. Flow.m. Plants. Seeds. Trees. Ft rns. Mosses. Fungi. 
Zoology. M.irnm.als, Birds. I'lshes. Reptiles. Insects. 
Lower Foims of Life. 

Bacteriology. Ihe Siorv of Microbes. Bacteriology in 
Relation to Health .ami Industry. 

Group 16. Electricity 

I'-LECTRiciT y. lt'» Developmi'Ut aiitl Countless Applica- 
tion'-. Hlertiical !■ iigineermL'. 

TELEGRAras AND Te LE i'iio N ES. Thc instruments and 

How to ( »P' ral Them. , . 

Wireless Tk ansmis.siov. The Main Systems and their 
Methods ot Wojking. 

Group 17. Music 

Old N'oiaiion and Tonic Solla. luilion in All Inslni- 

ineiiis, Orche'.lrati'm. 

IvLOCuiioN AND SiMiiNG. 1 he V oici* .iiul ils T re.atnieti 1. 
Musical Insirumi- n is. Th.-ir 1). -ign and ManiifacUire. 

Group 18. Manufactures 

Iexiiles. The 'lexlile 'I'ra.l.'S (imn B* gitming to Fiid. 

C<*lton. Wo,,l. Silk. lUiiip. Max. Jute. Carpets. 
Lfaihfr. Ihe Leather Id lu-li y. T.innmg. Boots and 
Shoes. Saddlery. Belting. Glov es. Stmdt V Leather Good^. 
Giass. Manutartnie of All Kinds of Gl.iss. Stained (ilui,. 
hAiuHFNWARK. 1 Im* Cr.aft .Old InduMiy of Pottery. 

Pai'I H. Papermaking of , Ml KimU. 

kUHBEK. Ihe Source and Pi<'p.uation of Rubber, and 
Maiiiifaclure of Rubber G(*o ls. 
loBAKO. Cuitivalion and Mainif.iefiir'-. Tobacco Pipes.' 
Food Supply. Milling. Breadmakirig. Biscuits and 
(. onfectionerv. Sugar. Ct'iuliments. I'l'iiit. Fishciies. 
Food Pres«'rvatioii. 

Hr VI- K ^r.ES T* .i. Cofb'e. ( liorolate. Cocoa. Brewing. 
Win- s -iml ci<b is. Miner.il Wati'ts. 

BaSKEI MAKING. CORK. W AT II I-. C\NE. BaRKS. BrUSUKS. 

Group 19. Astronomy. Geolog:y ArchaeoloRy 
Asikonomy. 'Ihe Universe as We Know It. Million', ol 
Wot ills. A Survev ot the Solai System. 

GkoLogy. The Sunclnie ot th-’ E.nlh. Petiologv, 
Ciyst.illograi>hv. iMheontologv. 

Arch/Eology. Burie<l Hisn»ry, 'lln- .\* w Story ot the 
Old Woilil as Revealed hy tlu' l-bviavafor. 

• Croup 20. Mechanical Engrinccringr 
F:ngineeking. Api>lied Meeh.inirs. Woikdiop Practice. 
" Machine Tools. .Maeliinea and Appli.iiu e-,. Cram s, 
Drawing for Copi>ersmiihs, Immen, and Boilerm.u.ers. 


Group 10, Civil Service and Professions 

Civil Seuvicp.. I'he J hree Branches of the Public Services 
of the Biitish Empire — Municipal, National, linpi'iial. 
Banking, llie Whole Practice of Banking. 

Law How to Become a Solicitor or Barnsler. 

Medici NF. liaining of a Doctor. Veterinary Surgeons. 

Dentists. Chemists and Druggists. Nur^s, 
Insurance. Health. Um-mploymeiit. Lite. Fire. Accident. 
Auctionef.ring and Valuing. Practical 'I'raiiiing. 
Estate Agi ncv. Maiorgement of a Great FState, 
Church. Howto Ivntir th** Ministry of .dl Dtiionunations. 
Scholastic. Teachers. Protessors. Governesses. 'I'utors. 
SECHETAHiKS.Iiutitution Officials. 1 'oli tic.il.Agen ts. L<‘cturers. 
LiBKAKiES, Manageme.’it ot Libraries. Latalogunig. 
Army, Navy Merchan r Service. How to Liit«T Them. 

Group 11. Life and Mind 
Bioiogy. The Rise ol Lifi. Evolution. Heredity. 
Psychology. Ihe Mimi of Man. 

Sociology, Social Conditions. Welfare of Communities. 
Fugemcs. Human Betterment and the Futureof the Race. 

Group 12. Business!*’ 

Business. The Management of a buccesstui Business. 

System. Simple Poluical Economy. 

Shopki- I I’iNci. All Kinds ot Shops and Small 'Praia's. 
AnvEKTisiNG. 'Ihc Value ot Advertising. How to Advertife, 
How lo Write Adverlibcments. How to Get Them. 


Group 21. Languages 
Latin. F'm.lish. I'kk.ncH. Ghkm\.\. .Scamsh, 

Group 22. Dross and Housekeeping 
Dress. Pimciples of I )r('ssniaking. Und<-rcIotliiiig, 
Tailoring. Millinery. llalter>. Fur.', and F<Mthers 
House KEFP iNG. Domestic Managiineiit. Servants and 
their Duties. Co«dvery. Laundry. 

Group 23. Metals and Minerals 
Metals. Me tallurgy. Propel lies ami tdiaracteristics of 
Metals. Iron .iml Steel. Copj-. r. I'in. Zinc. Pr. tious Metals. 
Metal Manufai lURES. Arms and .\ninuiuilion. Ciitl»rv. 

Clocks and Watches, jewedh ry. Scientific Instrunienls. 
Minerals. Mineialogy. I’rOperties and Characteristics 
of MineraK. 

Mining. Coal. Gold. Diamonds. Tin. 

Quarrying, 'fhe Appliances and Processes of Extracting 
and Preparing Stone. 

Gas. The Process of Manufacture. 

Petkolkum. Extraction and Refining Processes. 

Group 24. Clerkship 

Accountancy. Complete 'Praining. Bookkeeping. 
Shorthand. Pitman’s Sysletfi, with Latest Improvements, 
'i YPEWRiTiNG. Working and Management of AU Machines. 

Group 25. Mathematics 

Arithmetic. Algebra. Simple Graphs. Euclid. Trigonometry. 
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GROUP 1-SUCCESS •. THE- SECRETS OF A SUCCESSFUL LIFE-CHAPTER 12 


Does Education Kill Initiative and Decision? 

The Chance of the Man who can Manage Things 

TAKING RESPONSIBILITIES 


T he ancient virtue of courage is just 
• as necessary to the modern man as 
it was to his primitive ancestor. In all 
our varied walks of life, the courageous 
man of action still wins to the front, in 
spite of the defects of his virtue. He may 
be less studious than his rivals, and 
possess less knowledge and less experience, 
blit by sheer force of character he will 
usually succeed. His success is often a 
baffling problem to his competitors. They 
measure themselves against him in quick- 
ness and reach of mind, and they feel 
certain that he is less well equipped than 
they. And they are often able to assert 
with justice that he is inferior to them 
in the common, useful qualities of pru- 
dence and cautiousness. Yet the man 
with nothing exceptional save a striking 
force of character will in most cases be 
seen to rise at last far above the men who 
appear at first to have better oppor- 
tunities than he had. 

Every invention and change of method 
that disturbs the routine of life in our 
complex civilisation serves to bring out 
the high value of the courageous man who 
will shoulder responsibilities. And it is 
remarkable how rare are men of this sort. 
Persons with a good conceit of them- 
selves are not uncommon, but when it 
comes to the test . of facing unforeseen 
difficulties in a silent, steady, masterful 
v{iy, ordinary self-conceit often fails a 
inaii, and leaves him more a nuisance than 
a help to those who confided in his powers. 
‘ Yet even the worst form of self- 
confidence is better than a complete lack 
of courage. At the present day there is 
a' great multitude of men with talent, 
knowledge, and experience who seem 
never ^ to be able to rise above the posi- 
'tibh of ‘ a good subordinate. With every 
Iwidening of the field of enterprise these 
;men increase in number. For each advance 
•in'ouf civilisation, that tends to open 
careers to all classes, shows that Nietzsche, 
the fierce modern German thinker, was 
right in holding that some men are bom 
to serve, ' even as others are born to 
command. Yet the only difference 


between the born servant and the born 
commander is the quality of courage. 

In power of intelligence, in studiousness, 
and in subtlety of mind the born com- 
mander may be at a disadvantage. In 
many cases he has little or no originality, 
and only just enough knowledge to rub 
along with. His best ideas, and a good 
deal of his working information, are 
obtained at second-hand from the men 
under him. So these men are generally 
inclined to regard themselves as the 
superiors in ability to the man who com- 
mands their services, and to attribute his 
success to luck or influence or favouritism. 

Their own failure is put down to a lack 
of capital or of ambition. Certainly the 
want of capital is a great restriction 
for men of talent with small, comfortable 
positions in very large establishments. 
But if they have superior qualities of 
intelligence it is no bar against their 
rising to a position of importance in their 
firm, and becoming the chiefs of their 
departments. But the men of whom we’ 
are speaking seldom rise to a position 
of control, and never keep that position 
even if they attain it. They are excellent 
advisers at times, and work well under a 
man with more courage and active 
initiative ; their overwhelming defect is 
that they are afraid to take any 
important responsibility. Some of them 
flinch at the risk ; others have their best 
faculties suddenly numbed when the 
moment comes for them to act alone. 

The trouble is that this fear of responsi- 
bilities seems to spread with the advance 
of culture and general education. It is 
the special disease of the well-educated 
mind. At present, for instance, France 
and Germany are countries with a more 
efficient system of secondary education 
than Great Britain possesses. In these 
two Continental nations, with their high 
level of culture, ordinary individuals seem 
to be more averse from taking responsi- 
bilities than are, *as yet, the general body 
of our countrymen. In France, according 
to Emil^ Faguet, one of the keenest of 
modern French critics, the fear of respon- 
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sibility has grown into a national malady. 
The best-trained minds are afraid to go 
into business or commerce, and over- 
crowd in the attempt to get into the Civil 
Service, looking on its life of routine 
and official guidance as a refuge from the 
brave activities of an independent career. 
Nearly everybody plays, so to speak, for 
safety, instead of working adventurously 
for some high success. So the general 
creative strength of the race declines, 
in spite of the wonderful agility and 
brilliance of the French mind. 

In Germany a similar condition of 
things is beginning to obtain. A German 
merchant, with offices in London and 
Berlin, says that he now finds that an 
English office-boy with an elementary 
education is formed of a more promising 
material than the German clerk from a 
good school. The boy knows scarcely any- 
thing, while the clerk speaks at least 
two modern languages, and is quick to 
learn the details of the business. But, 
according to the merchant, his clerk will 
not act on his own responsibility, while 
the office-boy, on the other hand, is eager 
to show some power of initiative before 
he even has the knowledge necessary 
for effective action. The German who 
remarked these things took the view, 
very flattering to our race, that the 
difference between his office-boy and his 
clerk was an affair of national qualities. 
“ The drill-sergeant,” he remarked, 
** teaches us the lesson of obedience so 
thoroughly in early manhood that wc 
are afterwards afraid of doing anything 
without an order.” It may be possible 
that the Continental system of military 
training induces a general habit of 
obedience at the expense of the individu- 
ality that makes a man great in himself. 

But we are afraid that the' British 
middle classes are becoming almost as 
averse from taking responsibilities as is 
the French or German bourgeoisie. 
Every progress in civilisation increases 
the sheltering influences of our lives. The 
protected days of our boyhood lengthen 
out ; and at an age when our grandfathers 
were earning their own living, many of us 
are still at school. ^ 

So there arises a difficulty which we 
must be prepared to meet. In our pursuit 
of knowledge we must always ibmember 
that knowledge of every sort is a means 
and not an end. The most disinterested 
seeker after wisdom is conapelled to 
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admit that learning is only a means 
to action. Beyond and above the realm 
of the understanding is the sovran 
dominion of the will. The man of science 
and the philosopher degenerate into mere 
smatterers if they let their minds play 
over a store of knowledge* without taking 
the responsibility of coming to a decision, 
and then working with the fine new zest 
that is born of the exercise of the active 
powers of a man. 

Men of a very studious habit of life are 
usually inclined to irresponsibility. This 
defect of theirs must be guarded against 
by every student who begins by seeking 
after knowledge as an instrument of exist- 
ence. He must never allow himself to 
yield to the subtle temptation of feeding 
his intelligence at the expense of his will- 
ower, as the bookworm does. Both in 
is intellectual recreations and his training 
for a career he should always beware of 
regarding the temple of knowledge as a 
quiet, dispassionate retreat where a man 
is safe from the rough, tumultuous realities 
of life. Otherwise his intellectual pursuits 
will weaken his powers as a man of 
action, and make him one of these pale, 
picturesque ineffectual figures who evoke 
the Philistine's scorn of those scholarly 
attainments which, rightly used, are of 
effect in every important walk of life. 

There is nothing like the rough and 
tumble of existence to teach a man the 
virtues of responsibility. And an alert 
intelligence may learn more by observa- 
tion than by actual experience. If we 
study the men around us, and distinguish 
between their mental gifts and their 
strength of spirit, we shall soon learn to 
appreciate the qualities that make for 
success. For instance, we have all met, 
at some time or other, the man who 
seems bound to succeed but never does. 
He can talk brilliantly and seems to be 
overflowing with sound ideas. Loud is 
he in relating the tale of the great things he 
has done for others, of the openings he found 
and other persons followed, of the fine 
chances that came to him but were snatched 
up by some self-seeking friend. Men of this 
sort have generally some weakness of 
character. It is more likely to be the 
subtle weakness of fleeing from responsi- 
bilities than some notorious failing of the 
vulgar sort. Yet to a man with the right 
spint there are few Things easier to 
acquire than a delight in exercising his 
powers of decision and action. 



Human nature is a material that can 
be moulded in surprising ways, and even 
the grand qualities of leadership can be 
taught. Since the days of Arnold of Rugby, 
our public schools have directed all avail- 
able forces to this desirable end. Games 
have become as important as book lessons 
for training boys to take responsibilities, 
practically without knowing tliat they are 
being schooled for some of the highest 
duties in life. It is mainly because of 
this system of character training that 
our public schools manage to produce 
a class of lads so capable of holding 
their own against lads of the Continent, 
who possess a larger and better- 
digested store of information. The aver- 
age British public school boy is remark- 
able neither for the keenness of his intelli- 
gence nor for the range of his mind. He 
wins through heavy difficulties by his 
solidity of character. In an emergency 
he is ready to act without any help or 
direction. The time he loses in blunder- 
ing is less than the time lost in hesitations 
and indecisions by a more knowledge, 
able man who is afraid of responsibility^ 

As fine a training in responsibility as a 
public school offers can be obtained by 
any young man who is willing to work for it. 
There are clubs and societies that constantly 
need officers — secretaries, treasurers, and 
managers of some kind or another. There 
is usually no salary attached to the posi- 
tions, and so there is often very little 
competition for posts that ask for a con- 
siderable amount of administrative toil 
that has to be done without reward. But 
the reward for such service comes in some- 
thing better than money, and in avpiding 
a responsible position on the executive 
staff men are often letting their best 
powers wither for want of employment. 

The men and women who volunteer to 
act as the honorary officers of the innu- 
merable little associations that play so 
large a part in our social life are well 
rewarded for their pains. They get a 
training in leadership, administrative work, 
and in responsible activities which is in- 
yaluable. It matters little how small the 
scope of their labours is ; their character 
receives a new bent, if only they show 
themselves adequate to the task they 
have undertaken. They have escaped 
from the land of soft jobs where everything 
runs on the grooves of routine, and they 
have begun to breathe the more bracing 
air of the rougher uplands of life. 
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It is not good to be always on the look- 
out for what are called “ soft jobs.’* The 
best of these, as a rule, lead nowhere, and 
the men who enjoy them grow soft ” 
also, and become so smugly prudent that 
they are incapable of a more virile, in- 
spiriting, and adventurous way of life. 
Worries, anxieties, and problems are 
attached to almost every position of 
responsibility ; and though they appear 
to take their toll of a man, they really 
exercise the forces of his character and 
exp)and his personality. A shorthand 
clerk usually has an easier life than the 
merchant he works for. If he wishes to 
improve his position, he must find a way 
of sharing some of the responsibilities — the 
wearing, creative work of the business, and 
so free his employer from some of the cares 
about the markets, the sales, the charac- 
ters of customers. He must help actively 
in extending the resources of the firm and 
in overcoming its difficulties. 

In short, he must make himself a creative 
part ol the busine.ss organisation. If no 
opening of the kind is likely to occur 
within a reasonable time, it would be 
better for him to look about for a change 
of employment, using his present means 
of livelihood as a stepping-stone to some 
post with more troubles, higher pay, and 
larger scope. It is here tliat mere self- 
conceit will fail a man who mistakes it for 
self-confidence. For self-conceit will often 
blind a man to the fact that he is not 
properly qualified for the higher work he 
wishes to undertak(\ A man with a true 
sense of responsibility will always feel 
answerable to himself, and will therefore 
take pains to equip himself with a means 
of carrying out the task he proposes to 
do. For it is of the essence of responsi- 
bility that a man should be true to him- 
self ; this is the only way in which he can 
fulfil his engagements with others. 

A responsible man never takes a risk and 
gambles with his career for the sake of a 
change of occupation. Indeed, he is more 
often a plodder than a sprinter. His 
distinguishing feature is his courageous 
spirit, A difficulty inspires him instead 
of daunting him, and calls out the 
reserve powers of ^ his nature. Such is the 
man for whom the modern world is full of 
opportunities. For big jobs increase in 
number with every advance of civilisation 
and Invention. The man who can manage 
things is wanted evervwhere. 

" EDWARD WRIGHT 
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THE PLEASANT LAND OF FRANCE 


F rance (204,000 square miles) fronts three 
seas — (1) the English Channel on the north, 
(2) the Atlantic on the west, (3) the ]Mediterranean 
on the south. On all shores it has excellent 
harbours and busy ports, with easy access to all 
parts of the world. Its lowlands arc broad and 
compact, forming a great semicircle around the 
Atlantic and the Channel. On the Mediter- 
ranean coast the highlands approach nearer to the 
sea, but, except in the extreme east, there 
is a coastal plain of no great breadth, widening 
in the centre to the plain of Languedoc. Every 
part of the most populous district, therefore, has 
easy access to the sea, and, as the canal system of 
Prance is excellent and extensive, all manner of 
merchandise can be easily and cheaply trans- 
ported to the most distant parts of the country. 

Climate and Products. Prance is as 
favoured in climate as in situation. The sur- 
rounding seas make the winters mild and the 
summers cool, though in the south the latter 
are hotter than an Englishman finds pleasant. 
The Atlantic winds bring rain, and as the coast 
is low the rainfall is more uniformly distributed 
than in Britain, where the mountainous west is 
too wet. Except in the highlands, the soil is 
generally fertile, and admirably (jultivated, for 
Prance is, in the main, an agricultural country. 

Normandy, opposite the Isle of Wight, is 
a chalk region like Southern England, whi(;h 
it resembles in climate and products. Its 
apple orchards and cider are famous. Parthcr 
east much sug.ar beet is grow'n. Brittany, 
opposite Cornwall and Devon, resembles them 
in scenery, climate, and products. The centre, 
with its warm, sunny summers, ripens magni- 
ficent harvests of wheat, and brings the vine to 
perfection. In the south, in addition to the 
vine, the olive is grown for oil, and the mi^lberry 
to feed silkworms, and in sheltered spots along 
the Mediterranean oranges and lemons ripen in 
the open air. 

The Peasant and the Land. The 

French peasant commonly owns the land 
he works, and he gets” a good living from it. 
Economy of soil is his watchword. The hill- 
sides are terraced, especially in the vine districts, 
and not an inch of soil is wasted between the 
rows of vines. A fruit-tree is put in if there 
is room, and, if not, a fruit-bush. If that is too 
large, ttie peasant makes room for a clump of 
potatoes, asparagus, or artichokes, or at least for 
a patch of salad. In the plain the farms make a 
dazzling show from April to November, with 
“ sky-blue flax, dark-green hemp, crimson 
clover, bright yellow colza, golden wheat, 
stately Indian com, and creamy buckwheat 
all oultivated, perhaps, on a farm of two or throb 


acres. Fruit-trees cover the houses, lino the 
rorvds, and form the hedges. Add to these 
poultry, and it is not wonderful that the French 
peasant saves money, for he has much to sell 
and comparatively little to buy. 

Coal and Iron Manufactures. France 
would have been a different and, perhaps, a less 
generally prosperous country had coal been 
abundant instead of scarce. Iron ores arc 
important in Lorraine. The largest coallield is 
in the north-east, on the Belgian frontier, wh^ro 
numerous towns manufacture textiles, of which 
Lille and Koubaix are the chief, obtaining 
cotton and wool through Dunkirk and tlie 
(vhannel ports. A nqmber of smaller coalfields 
are found round the Central Plateau, and support 
iron and textile industries. The most important 
is that of St. Etienne, which manufactures iron 
and steel, and sends coal to the famous silk 
factories of Lyons. 

These are not the only manufacturing centres, 
but in the others coal has to bo brought 
from a distance. French manufactures, there- 
fore, are mainly those in which a high degree 
of skill or taste compensates for greater cost of 
production, and they cannot compete in cheap, 
common articles. Unemployment, therefore, 
does not become so acute as with us, nor is there 
the same rush from the country to the towns. 

The Highlands of France. The high- 
lands arc in the east and centre. In the north- 
east, partly in Belgium and Cerniany, are 
the Ardennes, with the Meuse flowing through 
their western part, with the Moselle flowing 
round the south-eastern bise of the Rliine, 
and farther south the Vosges — both forested. 
Round the former, near the northern coalfield, 
are Valenciennes, Cam bray, and olhey towns, 
manufacturing cotton and wool, the latter 
profiuced in part on the hill pastures of the 
region. To the Vosges, where cotton is also 
manufactured, the raw materials are brought by 
the Seine and the canals connected with it, and 
coal from the coalfields of Lorraine. Water- 
power is also used more and more after being 
trani^formed into electricity. These nortliern 
highlands arc connected westwards with the 
Plateau of Langres, the lower slopes of w^hich 
produce the famous wines of Burgundy. 

The Seine basin to the north is a series of 
clay plains and limestone and chalk heights, on 
the slopes of which grow the grapes from which 
champagne is made. To the south rises the 
Central Plateau, wi^i b«are tablelands of granites 
where cattle arc reared, ami of limestone with 
sheep farms ; here arc also voK'anic mountains, the 
soil from ^hich, when carried to the Loire and 
AUier plains intersecting the plateau, makes them 
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very fertile. Hie south -eastern rim ci the plateaui 
known as the Covennes* forms the western wall 
of the Rhone valley, east of which, cut by the 
valWa of rivers descending to the Rhone, rise 
the Jura and French Alps, the latter with forests 
and pastures below and snow peaks above. 
In the small Jura towns such industries as 
clockmaking are carried oh, often by the aid of 
water-power. 

Tho Rhone«Sa6ne Valley and the 
Riviera. This valley separates the Central 
Plateau of France from the Alps, and opens a 
route from the north to the Mediterranean. 
Had it not existed, France would have been, in 
no real sense, a Mediterranean power. 

The Saone rises in the Plateau of Langres, 
and flows south-west and south through the 
wine districts round Dijon, receiving tributaries 
from the Jura on the left bank. It joins the 
Swiss Rhone, from the Swiss Alps, at Lyons— a 
great industrial town, manufacturing local 


and imported silk with St. Etienne coal. 
The united river flows south in a valley 
which widens as the mountains on either 
side recede, through a land of olive, wine, and 
silk, to the plain of Languedoc, where it forms 
a great delta with marshes and lagoons. Mar- 
seilles, the chief port of the Mediterranean, is 
some distance east of the delta, and beyond is 
Toulon, the French naval station. Here begins 
the picturesque coast of the Riviera, with white 
towns — ^Hy^res, Cannes, Nice, and many others 

hedf hidden in palms and orange groves, while 
behind rise the snowy summits of the Alps. 

West of the Rhone delta is Nimes, with a 
large Roman amphitheatre,^ the old university 
town of Montpellier, and the wine port of Cette. 
Other southern towns are Narbonne, command- 
ing an important route to the west by Toulouse 
between the Central Plateau and the t^qees, 
and Perpignan. 

Tlia i^rMeea. The Pyrenees rise lij^e 
a wall between the Mediterranean and the Bay 
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of Biscay, forming the frontier between France 
and S^ln. The highest peaks are about 
11,000 R. high, and there are few easy passes. 
The lower slopes are forested with oak and 
beech, the higher summits rocky or snow-clad. 
Of many health resorts, Pau and Biarritz may 
be mentioned. 

The Atlantic Lowland. From the 
base of the Pyrenees, the Central Plateau, the 
Vosges, and the Ardennes, stretches a great 
semicircular lowland, extending to the western 
and northern seas, and broken by heights along 
the English Channel. It is continued east 
beyond the French frontier by the lowlands of 
Holland, Belgium, and Germany. This is a 
fertile agricultural region, with many prosperous 
towns, often with flne cathedrals and publio 
buildings, showing that the region has long been 
peaceful and prosperous. 

From the highlands, three great rivers, the 
Seine, the Loire, and the Garonne-Dordogne, 
flow north or west, each with a special character 
of its own. 

The Seine Basin — a Familiar Land* 
scape. Northern France, with its orchards and 
wheat fields, reminds an Englishman of his own 
country, for the rolling chalk landscape of 
Southern England is also found on the French 
side of the narrow Channel. His eye misses the 
hedgerows between field and field, and notes 
that the poplar gradually replaces the elm. 
Unfamiliar touches are the blue blouses of the 
p(;asants, and women doing hard field work 
instead of men. 

If the Englishman sails from Dover he lands 
at Calais, on the margin of the industrial distritrt 
round Lille and Roubaix, both woollen towns. 
From Folkestone he arrives at Boulogne, a 
busy port, and makes his way, near the liattle- 
fielas of Cregy and Agincourt, to the Somme, 
on which is Amiens, with a magnificent cathe- 
dral. From Southampton ho reaches Havre, 
exactly opposite, at the mouth of the Seine, 
ami, if he will, may sail up that river tp Paris, * 
the capital of France. The first great town he 
reaches, with its iron cathedral spire, many 
churenes, and forest of factory chimneys, is 
Rouen, the Manchester of France, whose docks 
admit ocean-going steamers, laden chiefly with 
cotton. Elbceuf, not far off, manufactures 
woollens. Paris, 70 miles direct from Rouen, 
but much farther by water, is one of the gayest, 
brightest cities in Europe. It is built on islands 
in the Seine, and on both banks. The finest of i ts 
ancient buildings is the cathedral of Notre 
Dame. Its modem quarters have broad streets 
with avenues of trees, great squares with 
fountains and triumphal arches and columns, 
dazzling shops, and parka great and small. 
Many industries are carried on, and the city is 
the great place of exchange, both for merchan- 
dise and ideas. Not far below Paris the Seine 
receives the Oise, from the Ard;hnes, and above 
it its tributaries spread out like a fan, offering 
a choice of routes into the heart of the country. ‘ 

Tributaries of the Shine. The Mamo, 
entering the Seine just above Paris, has 
fkmed down from tba Plateau of Imagre^ 
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through a wine country, a few miles south of 
Rheims, in whose ancient cathedral Freneli 
kings were formerly crowned. Rheims has 
now important woollen manufactures. A 
splendidly engineered canal, nearly 200 miles 
long, goes by Bar-le-Duc, and near the univer- 
sity town of Nancy, to the Meuse and Moselle, 
and thence across a depression in the Vosges 
to the Rhine near Strassburg. Or we may 
follow the Seine through the forest of 
Fontainebleau, and past Troyes, to its source 
in the Plateau of Langres. Finally, the Yonne 
takes us towards the Loire, which is separated 
from it by broken heights. The Burgundy 
Canal, 1,2(K) feet above the sea at its highest 
point, goes from the Yonne by Dijon to the 
Saone, thus connecting the English Channel 
with the Mediterranean. 

Normandy and Brittany. East and 
west of the lower Seine is Normandy, its 
swelling hills covered with cornfields, and its 
valleys rich with orchards and meadows. In- 
numerable herds of cattle supply milk for 
the famous Normandy cheeses. Many towns, 
cathedrals and abbeys tell a tale of long prosperity. 
Cherbourg, opposite the Isle of Wight, on the 
Cotentin peninsula, is a naval station. Dieppe, 
east, and St. Malo, west of the Seine, are im- 
portant packet and fishing ports. A few miles 
north of the latter are the Channel Islands. 
Brittany, opposite Cornwall and Devon, is a high- 
land region, growing early vegetables in the 
north. Fishing is important all along the 
Channel coast, and both Normans and Bretons 
are bom sailors. On the Atlantic coast are 
the naval ports of Brest and Lorient. 

The Loire Basin — a Garden Land. 
The Loire, 650 miles long, the longest river in 
France, rises 4,500 feet above the sea, in the 
heart of the Cevennes. It is a rapid river, 
liable to destructive floods in its lower course, 
where its banks have to be protected by dykes 
and embankments. The nviin stream flows 
generally north as far as Orleans. On a tribu- 
tary in its upper course is St. Etienne, with 
collieries, ironworks of all descriptions, and 
ribbon and other manufactures. Below Nevers 
it unites with the Allier, greater than itself in 
volume, which flows from the volcanic district 
of Auvergne, not far from Clermont, the largest 
town of the Central Plateau, in a fertile wheat 
and vine growing vale with a rich volcanic soil. 
All round this volcanic region, whose scores of 
extinct craters, seen from the summit of the 
Puy do Dome, produce an indescribable im- 
ression on the mind, are mineral springs of 
igh repute, as at Vichy, on the Allier. At 
Orleans, the centre of one of the most fertile 
^stricts of Europe, the Loire turns west, to 
flow by Blois, Tours, Angers, and many a famous 
ch&teau, through the rich districts of Berri, 
Touraine and Anjou, which form the garden of 
France. On the left bank it receives tribu- 


taries from the Central Plateau and on the 
right bank tributaries from the Norman heights. 
Nantes, at the head of the estuary, is the T iver- 
pool of Western France, and the rival of St. 
Nazaire at its mouth. 

The Garonne « Dordogne Basin* 

The Garonne is formed by the union of streams 
from the Pyrenees, which unite above Toulouse, 
a town important from Roman times because^ 
it commands the route to the Mediterranean 
between the (Revenues and Pyrenees. This 
depression is followed by the Canal du Midi, 
from Toulouse to (k^tte, uniting the Garonne 
with the Mediterranean. On the right bank 
the Garonne receives many tributaries from the 
Central PlaU^aii, and tho.se flow through some 
of the strangest scenery in Europe. 

A Strange Country. The surface of the 
limestone Causscs, as these> districts arc called, 
is a bleak, lime-stone plateau, burnt up in 
summer, and buried in snow in winter. The 
only sign of life is an occasional shepliord with 
his flock. The rivers cut deep narrow gorges 
many hundreds of feet below the surface, en- 
closed between rock walls carvt*d into strange 
shapes by wind and weather, and flaming with 
all the colours of sunset. Precipitous paths 
lead down to the bottom of the gorges, which 
are often inaccessible except by boat, but in 
places widen out sufficiently to hold many a 
village, with orchards and gardens, hidden, as it 
were, in the bowels of the earth. The few towns 
are often finely situated on precipitous ridge.s. 

The Dordogne. The largest tributary 
of the Garonne is the Dordogne, which rises in 
the old volcano of Mont Dore, in Auvergne. 
It enters the Gironde estuary a few miles below 
Bordeaux, the chief port of south-west Franco 
and the outlet for the clarets of the surrounding 
wine districts. Pauillac, at the mouth, is the 
outport of Bordeaux. 

A Reclaimed Desert. The Landes. 

Immediately south of the Gironde is the wine 
district of Medoc, and beyond are the deso- 
late Landes, a region of sand dunes, in 
places 250 feet high, and extending inland for 
120 miles. Their advance eastwards has been 
checked during the last century by planting 
millions of pines, which yield valuable turpentine. 
The vine has also been successfully introduced. 
The inhabitants live in small scattered villag(\s 
and cross the dunes on tall stilts. 

Corsica. The mountainous island of Corsica 
(.3,400 square miles), in the Mediterranean, 
is over 100 miles from France, of which it 
forms a department. Its mountains rise to 
nearly 9,000 feet, The lower hill 8loi)e8 facing 
the sea are planted with olives, vines, oranges 
and lemons. Above there are dense forests of 
evergreen trees peculiar to the Mediterranean. 
Minerals are abundfint, but little worked. The 
capital is Ajaccio. 

• A. J. AND F. D. HERBERTSON 


A vslvsUe SerUa of Teehaieal Dlctioasriet, explainiog Special Tcrma and Phraaea, appears at 
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R enaissance painting, like archi- 
tecture and sculpture, was bom in 
Florence, and its cradle is the Brancacd 
Chapel in S. Maria Novella, with the 
frescoes of Masaccio, the source from 
which many succeeding generations of 
artists drew their inspiration. It was 
the tendency of the Renaissance to give 
its due to the human body, to deliver it 
from the tyranny of the spirit, and 
Masaccio (a.d. 1401 to 1428) was the 
first of the painters to represent the nude 
living in all its beauty and strength, as 
in the “ Expulsion " and the “ Baptism/' 
He also departed from the generally pre- 
vailing practice of arranging the figures 
of his compositions in one row, in the 
manner of the ancient relief, or of placing 
them one above the other in diminishing 
size. His figures occupy their right places 
in the receding planes of the landscape 
and live in the surrounding atmosphere. 
They are full of dignity and expression, 
and the folds of their draperies have 
the amplitude of the best classic models. 
His work marks an immense step forward 
in the direction first indicated by Giotto. 

His artistic heritage was divided among 
many of his followers, chief among whom 
is Fra Filippo Lippi, the worldly friar, 
whose love of life and beauty found ex- 
i'pression in many exquisite easel pictures 
and in the fine frescoes at Prato and 
Spoleto Cathedr,als. The emotions ex- 

f >ressed by him are not purely spiritual, 
ike those of Fra Angelico, but intensely 
human. A healthy, robust type of 
peasantry served for his models ; and his 
sense of beauty and loveliness and pleasure 
in the joys of the world is reflected by the 
gay splendour of his palette. Domenico 
Ven'eziano, who is credited with the intro- 
duction of oil-painting in Italy, was, above 
all, a master of technique, a natural- 
istic painter whose chief concern was the 
pictorial rendering of movement and 
expression. Paolo Uccello was a scientist, 
chiefly absorbed in the investigation of 
the laws of perspective, and an excellent 
painter of horses, dogs, birds, and other 
animalsJ His colour was frequently quite 


arbitrary, and ukd almost in the man- 
ner of the mediaeval illuminators. The 
National-Gallery possesses an interesting 
battle picture from his brush, illustrating 
how the field of painting had widened 
since its liberation from the exclusive 
rule of the Church. 

Under the cloak of Scriptural illustra- 
tion, Benozzo Gozzoli (a.d. 1420 to 1498), 
a follower of Fra Angelico, dealt in his 
extensive series of frescoes in the Pisan 
Campo Santo with general scenes of 
contemporary life, in which the customs, 
costumes, and types of his day are re- 
corded with vivacious charm and great 
truth to Nature. His frescoes at the 
Riccardo Palace represent a scene of 
gorgeous pageantry of fifteenth-century 
Florence. Among those who were strongly 
influenced by Masaccio, the sculptors 
Verrocchio and Pollajuolo took a high 
place in the ai’t of their time, though only 
few of their pictures have come down to us. 

The Renaissance leaning toward classic 
learning found its supreme expression in 
Fra Filippo's pupil, Sandro Botticelli, 
one of the most personal and fascinat- 
ing of the world's great masters. His 
strength lay in the marvellously expressive 
use of decorative line, the like of which 
can only be found in the art of Japan. 
He used colour not so much to deceive 
the eye into belief of the plastic reality 
of things as to strengthen the effect of 
tnc line. The rhythmic movement of 
the human figure in dance, the fluttering 
of drapery or of flowing locks in the wind, 
cannot be expressed more happily than 
in his “ Allegory of Spring " and Venus 
Rising from the Sea." For his com- 
pcsitions he was more concerned with 
producing a beautiful decorative pattern 
than with making the figures live in their 
surroundings, which are frequently quite 
conventional. Botticelli was profoundly 
Steeped in the " New Learning " of the 
period, and his pictures often show a 
curious blending W the pagan and the 
Christian spirit. His " Madonna " and 
his “ Veftius " present very much the 
sanie type of face ; • they are both 
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melancholy, timid, pure, Rcarcely*beautiful, but 
nevertheless intensely fascinating. 

Filippino Lippi. Botticelli became in his 
turn the master of his master’s son, Filippino 
Lippi (a.d. 1457 to 1504), who combined many 
o! Botticelli’s qualities with a sense of dainty 
beauty in expression and rich colour. In his 
earliest important work, the completion of the 
frescoes begun by Masaccio in S. Maria Novella, 
he tried with remarkable success to adapt 
himself to the manner of his great precursor; 
but in his later frescoes in the Strozzi Chapel 
he introduced such a florid mass of “ Renais- 
sance ” detail, classic architectural motives with 
a tendency to over-decoration, Roman armour 
and tropliics and instruments, that one is apt 
to overlook the really remarkable expressiveness 
in the varied gestures and movement of the 
figures. His, most charming qualities appear 
quite unadulterated in such easel pictures as 
his “St. Bernhard,’* in the Badia in Florence, 
and the “ Madonna with SS. Jerome and 
Dominic,” at the National Gallery. 

Pietro della Francesca (a.d. 1416 to 1495), of 
Borgo S. Sepolcro* in Tuscany, stands between 
the Florentine and the Umbrian schools. The 
transparent golden tone in which liis landsca|>o 
and figures are bathed is the earliest approach 
to the modem conception of painting open-air 
sunlight. He, too, was a master of perspective 
and foreshortening, and was endowed with a 
rare sense of pure beauty. One of his finest 
works, the ” Baptism of Christ,” is to be seen 
at the , National Gallery. His pupil, Luca 
Signorelli, of Cortona, the author of a great 
series of frescoes at Orvieto Cathedral, may 
perhaps best be described as a painter of human 
limbs and of muscular activity. He delighted 
ill illustrating scenes in which he could introduce 
seething, passionate crowds of unclothed 
humanity in eveiy possible stage of violent 
movement ; but he was not a painter of the 
“ nude ” in the modern sense — that is, an artist 
who will paint the figure for its beauty of form 
and surface texture. For that his drawing was 
too hard, his colour too dry ; and the charui of 
the female form escaped his perception. 

The Umbrian School. Umbrian painting 
was an offshoot of the Sienese school, modified 
by Florentine teaching. It never attained 
artistic independence, and was always more or 
less tied to the illustrative tendency. The 
Umbrians were more concerned wdth tenderness 
of sentiment and intensity of religious expression 
than with form and line and movement for their 
own sake, A long succession of minor artists, 
who need not hero be enumerated, culminates 
in Pietro Perugino, the most typical, as he was 
the most accomplished, master of the school. 
His Scriptural pictures — and he painted few, 
if any, others — are peaceful 1, serene, detached 
from this world. He painted the life of the soul 
and not of the bodv ; and the lovely Umbrian 
landscapes in which his figures are ^t,*landjca^s 
that open up the whole depth of space, ran^ 
after range of biUoTU^g under a limjiid 
blue sky, only enhance the effect of pure 
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spirituality. As a master of space composition 
he was only surpassed by his great pupil 
Raphael. 

To the same school belongs Pinturicchio, one 
of the most productive fresco painters of the 
fifteenth century. The decoration of the Borgia 
apartments at the Vatican in Romo and of the 
library of Siena Cathedral are his chief works — 
masterly space compositions, which, however, 
in their excessive love of splendour, of sumptuous 
gold, ultramarine and red, overstep the natural 
hmitationa of decorative wall-paintings. 

Influence of the Paduan School. 
Meanwhile, the Renaissance movement had 
made equal progress in Northern Italy, In 
Padua, Squarcione, a painter who had travelled 
in Greece and brought back with him a lino 
collection of antique sculptures, was the founder 
of a school based on the study of these antiques. 
His great pupil Mantegna (a.d. 1431 to 1506) 
was entirely imbued with the classic spirit, and 
treated his paintings in a noble, sculpturesque 
stylo which has much in common with relief 
work. His “ Triumph of Caesar,” now at 
Hampton Court Palace, shows the extent of his 
classical and antiquarian knowledge and his 
masterly draughtsmanship, though his frescoes 
in the Gonzaga Palace at Mantua, which have 
for their subject scenes of contemporary life, 
show even better the power of his brush. The 
Paduan school exercised considerable influence 
over Milanese and Venetian art in the fifteenth 
century, particularly over Bramantino in Milan 
and the Vivarini in Venice, though Venetian 
painting was soon directed into other channels. 

The Splendour of Venice. The power- 
ful mercantile Republic of Venice was never the 
soil for humanism that Florence had been. 
Accustomed to gorgeous pageants, pomp and 
ceremony, and luxurious life, and living in an 
atmosphere that cannot but develop a keen 
sense of beautiful mellow colour, these wealthy 
traders required an art that should be neither 
academic nor didactic, an art that should not 
I'cfiect classic knowledge or stimulate thought, 
but an art that should reflect the splendour of 
their daily surroundings and appeal direct to 
the senses through the musical quality of 
colour. In Florentine painting colour had 
always been subordinate to line ; the Venetians 
were the first school of real colourists — painters 
who thought in colour, not in line ; who studied 
the colour appearance of Nature, and rendered 
the true appearance of things in pigment — true 
painters, in fact, in the modem sense of tbo 
word. The introduction of oil-painting by 
Antonello da Medina was of inestimable ad- 
vantage to the achievemeqt of this new ideal. 

The Bellini Brothers. Giovanni and 
Gentile Bellini show already the germ of the 
Venetian tendencies which were to culminate 
in Titian and Tintoretto. Gentile revelled in 
historical processional pictures of Venetian life, 
a type* of work in w'hieh Vittore Carpaccio 
achieved the greatest fame." Giovanni Bellini’s 
paintings have a noble, olassio dignity of style, 
an almost monumental character. He strove 
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for the typical rather than the individual. His 
colour is rich and Iiarmonious, though not as 
sensuous as that of the later masters. Two 
other masters of the earlier Venetian school 
must here be mentioned— Carlo Crivelli, a pupil 
of the elder Vivarini, and strongly influenced 
bv Mantegna ; and Cima da Conegiiano, whose 
altar-pieces are full of character and glowing 
colour. Crivelli, whoso love of carefully executed 
detail rivals the early Flemish masters, is mag- 
nificently represented at the National Gallery. 

Towards the end of the fifteenth century 
there was scarcely a city in Italy that was 
not a centre of some important school, and 
could not boast of some masters of more than 
local reputation. When the sixteenth century 
dawned, painting, though still frequently em- 
ployed for the decoration of architecture, had 
to a great extent become an end in itself, in- 
dependent of the other arts. 

Leonardo and Raphael. Leaving Venice 
and returning to Florence and Central Italy, 
we come to the man who inaugurated the 


have been written about the deep significance of 
every flgure in his “Last Supper” fresco, in 
Milan, now a complete wreck, which scarcely 
reflects a dim shadow of its former gloiy. And 
the mysterious, enigmatic smile of the “ Monna 
Liisa ” has become the stock phrase of a genera- 
tion of aft writers. 

Called to the Court of the Sforza in Milan, 
Leonardo became the head of an important 
school, from which issued such masters as Luini, 
Beltraffio, Gaudenzio Ferrari, and the Sienese 
ainter Sodoina. Leonardo himself produced 
ut few finished works, and forms in this respect 
a marked contrast to his great rival Michelangelo, 
whose work is truly titanic in character and in 
extent. His ceiling of the Sistine Chapel alone 
would be no inconsiderable result of a life’s 
work. We have already dealt with the master’s 
sculpture. In painting he shows the same 
powerful grasp of the human form, the same 
passionately heightened vitality, the same 
grandeur of design. But he was not a colourist 
in the sense of the Venetians or of Leonardo. 



greatest period in Italian art - the period when 
supremo technical mastery wTiit hand in hand 
with ideal. beauty and classic perfection.* This 
man was Leonardo da Vinci, that universal 
genius who could master and achieve greatness 
in every phase of intellectual and artistic activity. 

Raphael was an eclectic who, gifted by nature 
with a rare capacity for assimilating all that 
was most admirable in the art of those that had 
gone before him, consciously combined thece 
qualities in works that have for centuries been 
held up as the acme of perfection, and have, 
through academic teaching which encourages 
the cold, soulless imitation of all that is purely 
formal, exercised a deterrent influence on the 
evolution of art. Leonardo, too, had assimilated 
the accumulated experience of two centuries 
of painting, but with him this process was 
unemisoious, and though the perfection of his 
work sounds a unique personal note, there was 
nothing ^ brush could not express — emotion 
or serenity, oharacter or pure beauty, strength 
or tenderness. He was a master of line and of 
ecdour, of movement and expression. Volumes 


His genius was meyre sculptural than pictorial 
His strong personality attracted many fol- 
lowers, of whom Sebastiano del Piombo achieved 
great fame, and even Raphael at one period fell 
under -his spell. 

“The Perfect Painter.” Of the other 
Florentines of the period. Fra Bartolommeo and 
Andrea del Sarto enjoy the widest fame. The 
former, a follower of Savonarola, eschewed all 
worldliness in his art, and painted in his early 
period many serious and solemn altar-pieces of 
groat beauty and harmoniously blended, mellow 
colour, though later in life he attem[)ted more 
ambitious works of pompous character, but 
without much significance. Andrea del Sarto, 
who earned the epithet of “ the perfect painter,” 
approached the Venetians in his conception of 
colour. Perfect in flrawing, with a rare sense of 
beauty and grace, ho lacked power of expression 
and depth of feeling. In Northern Italy, 
Corrqggio,* whose chief works are to be seen 
in Parma, is the most typical master of the 
late Renaissance. An artist of great nervous 
sensibility, he had little concern with nobility of 
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form and carefully measured rtiythm of line. 
His art is iritensew emotional ; the expre^ion 
of his “ Madonna,” as of his ” Magdalen ” and 
his «Io,’* is almost ecstatic in its intensity of 
delight or grief. His real medium, is light and 
shade rather than colour and line, and he almost 
rivals Rembrandt in his rendering of chiaroscuro. 

Raphael marks the turning-point of Italian 
art — Venice always excepted — which after his 
death degenerates into eclectic mannerism on the 
one hand and criido naturalism on the other. 
Of Raphaers pupils; Giulio Romano and Perino 
del Vaga continued foria while his tradition, but 
toward the end of the century Bologna took 
the lead. The Caracci and Guido Reni and 
Sassoferrato and other 
eclectics are, however, 
scarcely worthy of a place 
in a short survey of the 
world’s art, except to 
typify the shallow depth 
to which painting had sunk 
after its glorious ' efflor- 
escence at the beginning 
of the century. The 
naturalists flourished es- 
pecially in Naples, where 
Ribera painted numerous 
scenes of torture and other 
horrors of a similar charac- 
ter with bold use of con- 
rasts of light and shade. 

Giorgione. In Venice 
the sixteenth century is 
inaugurated by three 
glorious masters — Gior- 
gione, Palma, and Titian. 

Of the first of them only 
few pictures can be iden- 
tified, but they suffice to 
secure him a position 
among the elect. He know 
how to express the emotion 
of the figures in the sur- 
rounding landscape ; he 
was the first, in fact, 
that did not paint the 
background merely to fill 
ill a pleasing manner the 
space between and behind 
the figures, but made the figures live in their 
surroundings. He was an idealist whose art was 
the fruit of his imagination. 

Palma. Palma, who owed much to 
Gioxgione’s example, was intoxicated with the 
sensuous beauty of Venice and of her daughters, 
and revelled in painting the luxurious charm of 
their rounded forms and golden hair. 

Titian. Titian stands for the highest achieve- 
ment of Venetian art. He was, perhaps, the 
greatest colourist the world has ever seen, and 
could do justice to every task by which a painter 
may bo confronted. - That he could express in 
term^of oc^our the most exalted emotions^of the 
humoii spill is proved by such works as bis 
“ Assumption,” at the , Venice Academy. ^ In 
space composition he rivalled the greatest 
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Tuscans. The sumptuous glow of his colour is • 
only rivalled hy the rhythm of his linear com- 
positioni and in portraiture he ranks with 
Velasquez and Rembxthdt. 

Tintoretto and Paolo Veronese. While 
in the later part of the sixteenth century the rest 
of Italy was given over to uninspired eclecticism, 
Tintoretto and Paolo Veronese worthily upheld 
the great tradition of Venetian painting. The 
former, who hod chosen the motto ” The design of 
Michelangelo, the colour of Titian,” was endowed 
with.a fecund imagination, was a complete master 
of the human form, and of all effects of light, and 
a gigantic worker, who devoted himself with 
preference to decorative tasks on a monumental 
scale. His principal works 
wore executed for the 
Doge’s Palace and the 
8cuola di San Rocco, in 
Venice. Paolo Veronese, 
one of the greatest masters 
of composition and a 
sumptuous colourist, was, 
above all, the painter ot 
Venetian festive life. His 
subjects, true enough, are 
chosen from Scripture, but^ 
the scenes are invariably* 
clad in the gorgeous cos- 
tume of sixtoenth-contury 
Venice, which they bring 
vividly before our eyes. 
Ho loved the beautiful 
surface appearance o f 
things, and did not trouble 
to any notable extent 
about their inner meaning. 

Canaletto. Tintoretto 
and Veronese are followed 
by many florid imitators, 
but the end of tlie seven- 
teenth century produced 
a now “genre,” of which 
the elder Canaletto is the 
chief representative. Ho 
was a purely objective 
painter of the architec- 
tural features of this 
floating city of palaces, 
which he recorded with 
great love of detail, without losing sight of the 
effect of massed light and shade. ^ Francesco 
Guardi chose similar motifs for his pictures, 
but treated them in a less topographioal spirit. 
His brush is more liquid and broad, his tone 
silvery and creamy, his atmosphere truer than 
that of Canaletto’s. 

Tiepolo. The last ofi>he masters of Venice 
was Tiepolo (1696-1770), who catered for the 
craving of his time for florid splendour-— a great 
colourist, who modelled himself on his greater 
precursors of the sixteenth century, but totally 
lacking in ideas and expressiveness. He devoted 
himself chiefly to decorative paintings for ceilings 
and walls, and died in Spain', whither he had been 
summoned as painter to the Court of Madrid. 

P.O.KONODY 
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GROUP 4-PHYSIOLOGY G HEALTH - THE BODY A ITS MAINTENANCE-CHAPTER 12 

The Structure and Uses of Voluntary and In- 
voluntary Muscles, flow the Limbs are Moved. 

THE MUSCULAR SYSTEM 


have now to consider the muscle, that 
contractive tissue which is the a^ent of all 
movement. We will look at their varieties, struc- 
ture, and chemical composition, and the func- 
tions they perform. Muscles derive their name 
from mmculus (Latin), a little mouse, because, 
being pointed at both ends and broad in the 
mid£e, they resemble one. All flesh is muscle, and 
all muscle is called flesh. The muscles are not in 
the flesh ; they are the flesh. 

•Use of Muscles. There are about flve 
hundred of them in the body — 250 pairs and five 
single muscles. They cover all the bones, and 
are covered themselves by the fat and skin, as 
can plainly be felt if you grasp the arnk The 
flesh, therefore, does not cover the bones in a 
solid layer, but is composed of many separate 
muscles [69]. Each muscle is enclosed in a smooth, 
glistening sheath that separates it from the next, 
as you can sometimes clearly see in a leg of 
mutton. But although muscles cover, strengthen, 
and support the body, their principal use is to 
enable us to move. No movement can take 
place without a joint that can move and a 
muscle to move it. Muscles are of all sizes. 
There are very strong ones in the arms, and still 
stronger ones in the legs. The longest muscle 
in the body is nearly 2 ft. long, and reaches 
from the hip to the inside of the leg below the 
knee ; is called the sartorius, or tailor" Sy tnuscle, 
because it draws the log up when sitting cross- 
legged like a tailor. The smallest muscle is 
only J in. long, and is in the ear. There are 
about 150 muscles in the back alone to keep the 
spine erect, and these are of great importance. 
The muscles that form the front of the abdomen, 
where there are no ribs, are just as important, 
because they have to protect all the internal 
organs. The calf of the leg is composed of 
muscles, and is connected with the strongest 
tendon in the body, called the Achilles tendon, 
placed just at the back of the ankle, where it is 
li:?ted on to the heel. A muscle, like all other 
tissues, increases in size by use, while, if it is not 
used, it wastes away. 

Muscles constitute 45 per cent, of the weight 
of the body, and, besides forming a large part of 
the limbs, they are used internally to surround 
.canals, oigans, and vessels, either to regulate 
their size or their movements, to close their 
orifices, or for other purposes. 

Voluntary and Inwoluntary Muacles, 
Muscles, broadly sjpoaking, are of two vaneties — 
the striped, or voluntary, and the uiistriped, or 
' involuntary. The former, under the control of 
the will as a whole, though not individually, are 
attached to all parts of the skeleton, move all 
joints and bones, and are the organs of 
l<^omotion. They are connected with the ani- 
and the spending of force, and arc set in 


action by voluntary nerve impulses. They act 
quickly, decidedly, and simultaneously in all 
their parts. They are capable of great exertion, 
but soon got tired. They are called striped 
because under the microscope narrow bands are 
seen running across them. 

The unstriped, or smooth, muscles differ from 
these in almost every respect. Th(^y are con- 
cerned with the vegetative side of life, or the 
building up of force, and form a largo part of all 
the internal organs and tubes ; they are not under 
the conscious will, and derive their impulses 
from involuntary, or “ sympathetic,” nervSs. 
They act in a slow, gradual manner, and never 
as a whole, but the motion spreads like a wave 
from fibre to fibre in a way called vertnicular. 

There is a third variety of muscle, found only 
in the heart, combining the characteristics of the 
other two. It is like the first in being striped, 
and in acting decisively and simultaneously, but 
resembles the second in being absolutely in- 
voluntary. The heart boats entirely without our 
will or knowledge, for by no effort can a man 
stop the beating. of his own heart. This muscle 
is the busiest one in the whole body. It contracts 
the heart 70 times every minute, day and night, 
for perhaps 70, 80, or 100 years. 

Structure of the Muscle. Turning now 
to the construction of a muscle, we see first of all 
by the naked eye that each muscle consists 
of separate bundles, all united together by the 
covering skin. The bundles are made up of 
smaller bundles, and these of smaller, and these 
again of separate fibres, which are the muscle- 
cells ; they are like very short hairs, though when 
joined together they make up a large muscle. 

Muscular fibres are well supplied with blood 
by means of small blood-vessels, which give flesh 
or muscle its red ap}>earauce. The fibres them- 
selves are composed of a row of what look like 
oblong black and white beads called sarcous 
elementSy and a nerve runs to each muscular fibre 
from the brain, and is attached to it by a flat 
plate, as shown in 66. 

How a Muscle Contracts. The nerve- 
current is supposed to act like an electric shock 
on the sarcous elements that make up the muscle 
fibres, and thus make each element as broad 
as it was long, so that the whole fibre gets at once 
shorter and wider. It is in this way that muscle 
moves, as we see more fully in the next .section. 

All these separate fibres are bound together 
by. connective tissues, and all the connective 
tissue-sheaths join together at each end of the 
muscle to form the firm white fibrous band, or 
tendon, that unites it to the bones [66]. Some- 
times, as in the great muscles in the neck of a 
horse, by which it can wrinkle up its skin and 
shake the flics off, the muscle is very thin, and 
spread out like a piece of cloth. 
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Muscle is soft and thick in th% middle, and 
a band or tendon fastens it at each end to the 
bones it has to move. 

The contraction may be imitated bv tying a 
strong piece of elastic to the handies of a pair of 
scissors. The handles will represent two bones, 
where the scissors cross is the joint, and the 
clastic is the muscle that can draw the handles 
^ together if they are stretched apart. 

Before a muscle acts, and while it is at rest, 
it is just like a stretched band of tape ; but the 
moment the nerve current reaches it from the 
brain, the muscle suddenly becomes like a 
stretched band of indiarubber. All muscular 
movements are thus produced by the current 
the brain has the power to send along the nerve, 
for it can make the muscles like stretched bands 
oi rubber. If you let your arm hang down, and 
catch hold of the middle of it with the other 
hand, and then bend the forearm up, you will 
fee) the muscles getting thicker and harder 
under your hands ; so that a muscle causes motion 
by becoming shorter and thicker. 

Chemical Composition of Muscle. 

The general composition of muscle is as follows. 


Water 75*0 

Nitrogeneous matter 20*0 

Muscle sugars, or starch .. .. 1-0 

Salts and ferments 4*0 


100*0 

Muscle is usually at rest, but as each fibre htis 
a nerve running to it, the whole mass can bo 
instantly contracted. The moment it is at work, 
or contracted, it becomes acid. It uses more 
oxygen and gives out more carbon dioxide to the 
blood, uses up the muscle sugar, producing nine 
unita of heat for every unit oi work, and getting 
broader and shorter. A muscle can contract 
throe-fifths of its entire length, and only takes 
one-twentieth of a second to do so, but it soon 
gets tired, contracts less vigorously, and at last 
cease to move. Six hours or so after death 
it begins to coagulate and gets rigid — the state 
of rigor mortis^ which lasts nine days. 

Exercise Strengthens the Muscle. A 

muscle differs from all machines in becoming 
stronger the more work it does. Wc have so 
little occasion to move our ears that the little 
muscles have almost lost their power of con- 
traction for want of use. Any part of the 
body not used wastes away, and at last becomes 
useless — ^that is, atrophied. 

If the finger is placed in front of the 
car when chewing, one can feel the muscle of 
the lower jaw contract ; the muscles that pull 
it down can also be felt under the chin. At 
the back of the neck one may feel the two strong 
columns of muscle that keep the head erect 
upon the shoulders. ^ 

How the Limbe are Mowed. The 

shoulders themselves are beautifully rounded 
by large, flashy muscles that cover the bony 
surfaces, and end in strong tendons fixed*in the 
upper part \pf the arms. It is these, muscles 
that raise the arm and extend it level withfthe 
shohl^. Then we have strong cbest-muscleB 


fixed to the arm to draw it forward, and strong 
muscles behind fixed to the shoulder-blade and 
arm to draw it backward. 

All along the arm are two sets of muscles. 
Those in front, including the biceps, are called 
flexors, because thev l^nd the joint; those 
at the back are called extensors, because they 
extend the joint, so that one set pulls against 
the other. For instance, if you want to bend 
the arm with the biceps, the triceps muscle 
behind prevents it doubling up too easily. 

To the outer side of the elbow are fixed all 
the muscles that form the back of the forearm 
and extend the back of the hand and wrist. 
The fleshy part of the muscle is in the upper part 
of the forearm, while the wrist consists of all 
the tendons coming down from the muscles 
above to be fixed in the bones of the fingers 
they have to move [68]. If you work the fingers 
about, you can see the tendons moving under 
the skin at the back of the hand. The one that 
goes to the thumb can be seen very plainly if 
you extend the thumb far back. To the inner 
side of the elbow are fixed the muscles that form 
the front of the forearm, and flex the front of the 
wrist and hand. Those also end in long tendons 
that run in grooves. The middle tendon can be 
very clearly seen if you touch the little finger 
with the thumb, and bend the wrist forward. 

The buttocks and thighs are all formed of 
enormous muscles, which move the leg in any 
direction [70]. The long tailor’s muscle, 2 ft. long, 
which is like a ribbon, and reaches from the hip- 
bone to below the knee, enables us to sit cross- 
legged like the Japanese. The muscles that 
extend or straighten the leg are all in front ; 
those that Hex or bend it are all along the 
back, and form the calf below. The sole of 
the foot [67] is formed of four separate layers of 
muscles, one below another. 

Unstriped Muscle, So far, we have 

only spoken in detail of those muscles with 
which wc arc most familiar, all of which are 
striped, and under the control of the will. But 
we h&ve alluded to another sort of muscle that 
moves our internal organs and carries on all ihe 
processes of life inside us. Such muscles have 
no stripes, they are not large, and are composed 
of altogether different cell-fibres. They 

form part of the walls of the stomach and in- 
testines, and of the blood-vessels, bladder, 
kidneys, and other organs. They are not in any 
degree under the control of the will, but are 
governed by another nervous system altogether, 
the seat of which is not the brain, but behind 
the stomach. It is 'called the sympathetic 
system. From here fine nd nerves stretch to all 
these unstriped and involuntary muscles, which 
are compost of small, spindle-shaped cells 
of an inch long, cemented t<^ether in mas^ 
They are not striped or made in small beads like 
the striped muscle, but are composed of con- 
tractile substance. Their movements appear to 
be spmttaneous. They do not get fatigued, and 
they work day and night unknown to us. 

JL T. SCHOFIELD 
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The Possibilities of Eiectricity in Agricuiture. The Infiuence of 
the High-Tension Eiectrical Current on Crops of Various Kinds. 

ELECTRICITY ON THE FARM 

T he last few years have seen great changes electrifying plant boro to the results yielded. 

in agriculture. The chemistry of the soil. In a few words, it may be said that as a general 
the study of manures, the changes that take place rule tho plant pays for itself in about three years, 
in tho growth of crops, have all been made tho and that after that period something like 30 
subject of strict inquiry. The modem farmer or 40 per cent, extra yield of the crops is pro- 
is to some extent a chemist and botanist, and duced, so that considerable profit should ensue, 
his knowledge of live-stock has been extended Possible Reasons for Failure. We now 
in a very similar manner. come, however, to some discrepancies in tho 

How Electricity Influences Growth, matter. Many experiments on a really com- 
Electricity has long been known to exert mercial scale have been carried out since Lem- 
a beneficial influence on the growth of vegeta- strorri first completed his work, and many a)f 
tion. In the Arctic regions, where electrical these have been extremely disappointing, 
disturbances are very frequent, it has been Others have given results so little better that 
found that the vegetation is taller and in some the use of electricity has been shown apparently 
cases more luxuriant than usual, and it was .not to be worth while. In the minds of many 
probably this fact that led to the earliest agriculturalists, therefore, it is not by any means 
experiments in electro-agriculture. Professor established that electrification of crops is worth 
Lemstrom, a Norwegian scientist, conducted a doing, but those who have most closely watched 
great number of interesting experiments as a this branch of science have good reason to feel 
result of these observations, and his early work confident of its utility. 

showed in a marked degree how much plant life One possible reason for failure, for example, 
could be influenced by applying to it electric was shown recently by the writer to be tho 
currents similar to those which ordinary atmo- application of too much electricity. Experiments 
spheric disturbances would supply. made by him showed that every plant is in itself 

His first trials were carried out in flower-pots a sort of battery, and that tho upper part of a 
iri which different kinds of seeds were placed, plant is negatively electrified as compared with 
The seeds were supplied with electricity from the roots. Tho difference of electric potential 
wires attached to a static electrical machine between the top of a plant and the root* was 
and stretched over the pots. The pots were measured, and found to bo infinitely small, 
placed on a window-sill, and the results were It was argued, therefore, that electric currents 
observed from day to day. These were so applied to plants should bo of a similar character 
encouraging that further experiments were to those actually met with in Nature, instead 
carried out under more favourable conditions, of, as is often the case, currents much larger 
and for some years Lemstrom carried out and entirely disproportioflato being applied, 
systematic work with electricity which has with bad results. 

furnished us with valuable data to go upon. Others have found that only bad results are 

Striking Results of Lemstrom’s Ex- obtained when the currents are applied in 
perin&ents. In tho first place it was found that, sunny weather, and it is generally accepted that 
in general, positive electricity is more beneficial successful application is confined to cc^am 
than negative, though negative is better than hours of the day, though no exact hours have 
nothing at all. It was found, too, that when the oeen determined. 

plants were positively electrified, they grow more How tho Current is Applied. The most 
quickly, and that tho fruit was heavier. In modern electrical plant for agriculture is that 
the case of root plants, the grown plant was devised by Sir Oliver Lodge and Mr. J. E. 
heavier, so that potatoes, or beetroots, or carrots Newman, who have done a great deal of serious 
were finer and larger. There were many dis- work in this country. In order to be sure that 
orepancies in the experiments. For instance, tho current applied to the crops is only positive, 
cabbages treated with electricity were worse Lodge invented a special valve through which 
than those grown in the ordinary way; but in tho current is passed, and which only admits 
this instance it was discovered later that they of the passage of current in one direction, so 
required a great deal more water, and that if that any negative electricity is, so to speak, 
this extra water was supplied, then the results trapped, and cannot get through, 
were quite favourable. The current is usually supplied from an 

Professor Lemstrom devised a large frictional induction coil, similar to that used for X-ray 
electrical .machine which could be driven by a . work, which transforms up current of a few 
hot-air engine or other means, and after ex- volts to current of many thousand volts. A 
tensive experiments he was able to determine six or eighl^ inch coil — that is, a coil which will 
what proportion the cost and upkeep of an give a spark of six or eight inches in length 
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DIAGRAM EXPLAINING THE HIGH-TENSION CURRENT USED 
CROP STIMULATION 
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m very suitable, the negative terminal of the 
secondary winding of this coil being connected 
to a plate in the earth, and the positive to a 
network of wires spread over the ground to be 
treated. Posts ten or fifteen foot high are 
placed in the ground at intervals of a few yards, 
and from the tops of these are suspended, from 
porcelain insulators, wires which all lead to one 
common terminal — the positive end of the coil. 
The wires are charged up to an enormous voltage 
by the coil, and this high-tension current 
gradually leaks 
away, or descends 
to the earth, leak- 
ing through the 
plants them- 
selves, which act 
as miniature 

lightning con- 
ductors or col- 
lectors of the 
electricity. 

The coil is 
worked from the 
electric mains, or 
in smaller sets of 
apparatus from a battery of accumulators, and 
is switched on for perhaps two houra twice a 
day, in the morning and again in the afternoon. 

A Curious Discovery, The Lodge- New- 
man plant has been in operation on an extensive 
Scale for some time now, and very satisfactory 
results have been obtained. Professor Priestley 
has established the interesting fact that high- 
tension current discharged from the overhead 
wires is blown about or carried by the wind for 
some distance, so that during windy weather 
the land to windward of the overhead wires 
would receive more benefit than that im- 
mediately underneath it. Such curious dis- 
coveries as this shovf that extreme caution must 
be used in arriving at any definite conclusions 
without making thorough tests, as in many 
instances bad results can be accounted for when 
inquiries are made into all the circumstances. 

The investigation has been carried on recently 
by having a number of experiments made at 
different centres, so that the errors tend to 
neutralise one another. Mr. J. £. Newman 
made a recent statement to the effect that 
experiments had been carried out in this 
country for over eight years, and that on the 
whole the results had been uniformly .good. 
But in addition to their use in this countiy, 
Lodge-Newman plants have been already 
employed in the United. States and in Egypt, 
i Coat of the Install at ion. For treating an 
area :of «land of between twenty-five and thirty 
acres, the electrifying plant and the overhead 
wire / installatipn > cost about two hundred 
. pounds a krger plant capable of electrifying 
double this area would cost only about three 
hundred pounds. 

' With the older frictional eleotricit^i apparatus 
used, bv ProfeiMor Lemstrom the coats are 
somewhat Jess, and it is claimed by him that 
the cost of B complete installation for tweatv- 
five, acres; would cost ^109, and that in tne 


cultivation of wheat an increased net annual 
profit ol £44^cpald be anticipated* . 

What Recent, Experiments 3how. 

The following table shows the increased yield 
attributable to the 1^f>libati6n ' oT ' electricity 
to the plants* mentiohe*^ 

Wheat 
Oats . . 


Raspberries 
Peas . . 
Beans . . 


about 21 per cent. 

ft ^3 ,, 

76 „ 


Experiments car- 
ried out recently 
in Germany 
showed that the 
ripening of straw- 
berries could be 
hastened by 
several days by 
means of elec- . 
t r i ficat io n, 
thus enabling the 
growers to com- 
mand the highest 
prices at the be- 
ginning of the 
season. In these cases the current was applied in 
the morning between 7.30 and 9.30, and for two 
hours before dusk in the afternoon or evening. 
Applications of the current during rain were 
more or less useless, but during foggy weather 
they were most favourable. 

-^ibther noticeable feature of the electrifica- 
tion, recently noted by the writer, and originally 
claimed by Professor Lemstrom, is that the 
amount of sugar in root crops is noticeably 
augmented, and considerable interest has been 
evinced by growers of sugar beet in this dis- 
covery. But where extra profit is looked for 
by users of electricity, there is little doubt that 
at present the experimenting with small gardens 
for» intcilsive work is most desirable. Land 
intensively cultivated yields high profits for the 
acreage, and as a small electric plant for a 
market garden would cost comparatively little, 
any increfise it produced in the yield would give 
proportionately greater benefit. 

Radium as a Plant Stimulant. Elec- 
tricity is not the only agent which can be 
employed to stimulate plant growth. 

Interesting experiments have also been 
carried out lately with ultra-violet light, which 
has the effect of hastening germination, and 
greatly increasing the luxuriance of both 
foliage and flowers in greenhouse plants. 

it has also been found that radium is a most 
powerful stimulant, and is only required in 
such minute quantities that its use is quite a 
po^ibility from the prei^ioal or commercial 
point of view. It has not yet been definitely 
ascertained whether, in view of. the increaeod 
rate of growth, an abnormal amount of manure 
is required by the ^ound, or whether theise 
phenomenal growths impoverish the soil at an 
unusual rate. But the results so far obtained 
as to the extra weiaht of root crops when radio- 
active soil is employed are both definite and 
promising. In the manufacture of radium there 
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aliyays remains in the hnal residues miorosoopio 
amount of radio-active matter. It may be only 
a milligramme per ton, which means that about 
seventy tons of residue would contain one grain 
of radium. But it is quite impossible to extract 
this last trace, which is quite sufficient to produce 
good results, both on germination and in the 
rate of growth of the plants. 

In a recent paper read at the Royal Society of 
Arts, the writer described some experiments 
where radishes grown in radio-active soil were 
over five times as heavy as those grown under 
similar conditions in ordinary soil. This enormous 
increase does not occur in every case, nor is the 
stimulation the same with every kind of plant.. 
The action is .selective. Radishes always appear 
to give very marked results, but cress seems to be 
little affected by the radio-activity, becoming 
only about seven per cent, heavier. 

Back Garden Radio-cultiTatlon. Tests 


be very sweet in character. Th|^ increase of 
sugar seems to be a particular effect of any 
stimulation by electric or similar means. 

Electrifying Animals. The ben^cial 
effects obtained with the human subject have 
l^en already experienced by animals, and it was 
reported two years ago that some ewes fed on 
land treated, writh overhead currents, ift' the 
manner already described in connection with 
crops, produced nearly double the number of 
lambs daring one season. This work does not 
appear to have been confirmed by any sub- 
sequent experiments, but the inteninve cultiva- 
tion of fowls by electrical means has proved a 
great success. 

Wonderful Results with Chickens. 

The current is applied to the young chickens 
from the first day they are hatched, by means of a 
largo coil of wire wound round the chicken-house. 
In the experiments now being conducted at 


of the radio-active powers can be easily made by 
Srnyonc in his own garden if he obtain some of 

the radio-active 

residues which are ‘ ‘ 

used for preparing IHh : 

medical bandages ’ |^B ■ 

or imultices. Borne ' -WK . 

of these radium . VK 

“earths’* are al- BB ^ 

leged to contain ▼ 

fjE^io-active matter, T ! , 

but unfort un- \ ' 

ately actually con* ^ . 

tain so very little rr_, 

that they have no 

effect. Some reliable . , ^ , . 

firm should be ap- |Q|k ‘ gk 

proached which will . 1H| . <^B H 
supply “earth,” ' ■ ^ 

that is, residue, 

containing at least . . . 

one milligramme per ' ' ' .. 

ton, and this may . 
be mixed with from . 

five to ten limes its ^ 

own weight of, or- effect of electi 


It t • 


EFFECT OF ELECTRICITY ON CARROTS 


Poole, on Mr. Randolph Mcech’s chicken farm, 
the young birds are cultivated in what are termed 

— — n flats, six flats being 

‘ built one above the 

t ^L other, and seventy - 

A five chickens being 

' ; ; S ; ; grown in each. The 
; * T • ^ whole house thus 

. V V Xl v holds 450 birds. 

' The wire is wound 
. . round the house in 

' the form of a helix, 

, : the turns being some 

' I,;. _ ‘r. v ' ’ six OT eight inches 
^ . ' i r • ‘ ' apart. This coil is 

; ^ ' connected with a 

• ' JIB' IB i special type of high 

' frequency appara- 

^ . tus, and the cur- 

rents applied to tho 
chickens for a few 
*’ . minutes each hour 

during the day. 

, There is, os is 

^ well known, great 
tciTY ON CARROTS mortality among 


dinary soil. A'sim- In these comparative results of four methodn of growing epots, the the young birds for 

signs 4- and - show the direction of the current In I., IK, and ii. ,, 

pie comparison respectively, and In iv. no current was employed. The picture Is ®he first three weeKS 

can be made by reproduced from Professor I^emstroin’s “ Electricity in Agriculture " after they have 

filling one flower-pot (issued by • The Elcctrictan " Publishing Company). tho ■ incubator 


after they have 
left tho ^ incubator 


or flat box with this soil, and another with 
ordinary soil, and planting some radish and 
barley or oat seeds in each, and watching the 
results. If tho soil is at all radio-active in the one 
pot, it will be found that the wheat grows to a 
much greater height than it does in oiriinary soil 
in a given time ; while the radishes will weigh 
much more. 

The cost of treating earth with radio-active 
residues would not be very great — ^perhaps £1 or 
£2 ' per acre — and the activity should remain 
almost indefinitely, as radiffin has an average 
life period of 2500 years. As far as has been 
ascertained, the Seated soil need only pene- 
trate a lew inoliw down, that is,* only the 
upj^ layer would have to be radio-active. * 

llie effect been observed on tomatoes, 
which wei:^ imm to ripen more quickly, and^ 


— sometimes more than 60 per cent, of them 
die. One great feature of the electrification is 
that this mortality is practically overcome. The 
young birds grow their second feathers in about 
two weeks, and in from five to eight weeks are 
ready for sale for the table as “ petits pouSsins,” 
fetching often as much as 2s. per bird. 

Tho wonderful vitality of the little birds makes 
them easy to rear, and ^ey are now being 
grbwn electrically at the rate of 1500 at a time. 

Interesting tests are also b^ing carried on to 
determine whether the laying of. hens cem be 
accelerated by treating them with electricity, 
An immense field has beeu open^^ up as" the 
result of the last two years’ work with dfickens; 
and electric stimulate appears to be likely to 
solve the present uncertainties of intensive 
oultivatkm. T. THORNE BAKER 
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Commercial Recovery of Oxygen. Oxygen and Life. 

The Atmosphere. Ozone. The Function of the Sea. 

OXYGEN AND OTHER GASES 


Oxygen and Air. Wo must now make 
a systematic study of the most important 
element. We have mentioned it several times 
for purposes of illustration. If we were to 
adhere strictly to our treatment of the elements 
in groups, we should have to consider oxygen 
and sulphur together. These two elements 
have considerable resemblances to ohe another, 
and should therefore always be associated 
in the mind of the student. But oxygen is so 
supremely important, both as an ingredient of 
the 'air and in its relation to life, that it must 
always dominate our thoughts. 

As the reader already knows, it is a gas. It 
was first discovered by Priestley and Scheele 
and Lavoisier about 140 years ago ; its atomic 
weight we call 16, and it is thus slightly 
denser than air, of which it constitutes about 
one-fifth. It may bo prepared in small quantities 
by Priestley’s method of heating the red oxide 
ef mercury, or it may be turned out of water 
by means of chlorine, or may be obtained from 
its various compoundis by means of electrolysis. 

Nowadays, oxygen has attained considerable 
commercial importance. Since the process of 
combustion, or combination with oxygon, 
occurs more rapidly and produces more heat 
in the presence of pure oxygen than in the pre- 
sence of air, the element is very frequently used 
in its pure form in many metallurgical opera- 
tions It is also largely used in order to 

E roduce the brilliant light which is given out 
y superheated lime and which is called 
limelight. Its use in this connection has 
already been explained. Furthermore, pure 
oxygon is now extensively used in medicine, 
for there are a large number of diseased 
conditions m which the inhalation of this gas in 
its pure form, instead of its ordinary inhalation 
diluted with nitrogen in the air, is of the utmost 
value. Hence it has become necessary to acquire 
some means of obtaining large quantities of 
oxygen as cheaply as possible. 

Brins’ Process. The most important 
of the commercial processes is known as 
Brins’, and is easily explained. The oxide 
of barium is heated in compressed air to 
a red heat, and is converted into the peroxidij 
or dioxide, since under these conditions it 
takes up into itself a certain quantity of the 
oxygen of the air, the nitrogen of which 
escapes. Now, when the pressure is reduced, 
the extra oxygen which has been taken up into 
the peroxide is liberated again, and can be 
readily collected. The rosulteof its liberation 
is toikave behind just the same barium oxide 
with which the process was started, and so it 
may go on again and again. Thus, the essential 


materials for the process are merely air, which 
has no cosVand barium oxide, which can be 
used over and over again, and hence the process 
is exceedingly cheap. The oxygen is stored 
at a high pressure in a steel cylinder to which 
a tube can readily be attached, and when a stop- 
cock is turned, the oxygon *rapidly escapes. 
When the cylinder is being used in the sick-room, 
the noise made by the escaping oxygen is usually 
sufficient to indicate that it is escaping, but a 
simple test can be applied by placing a glowing 
match-end at the mouth of the tube. If the 
oxygen is escaping, the rapidity of combustion 
of the match will be so increased that it will 
immediately burst into flame. 

Oxygen is a colourless, tasteless, odourlbss 
gas, forming, as wo have seen, eight-ninths of 
the weight of water, more than one -fifth of the 
volume of the air. and actually more than one- 
half the weight of the solid matter that forms 
the crust of the earth. It is the most widely 
diffused of all the elements. It has been 
liquefied and frozen by Sir James Dewar. 

Oxygen and Life. By derivation oxygon 
means the acid-maker, and its function in 
this respect has already been explained, but 
it might almost as well be called biogen, to 
indicate that it is the life-maker. Every living 
thing, without exception, depends for the pro- 
cesses of its life upon a continuous supply of 
oxygen. This fact is supremely important 
and must be carefully studied. 

The students of living things tell us that there 
is a universal function which is common to them 
ail and continuous in them all. This is termed 
respiration. There are no exceptions to this 
rule, though it was at one time thought that 
there might be certain exceptions. When the 
great French chemist Pasteur, the founder of 
the new science of bacteriology, came to con- 
sider the conditions under which bacteria, or 
microbes, as he called them, grow, ho found that 
they could be divided into two great groups — 
those that required air for their life, and those 
that required absence of air for their life. The 
first he called serobic, and the second anaerobic. 
At first this looks as if the microbes belonging 
to the latter group were an exception to our 
general rule, for it is the presence of free oxygen 
in the air that arrests their growth ; but it was 
soon found that unless compounds containing 
oxygen be present in the materials in which these 
microbes grow, they immediately die outright. 
Though they cannot live in air, they cannot, on 
the other hand, live except in the presence of 
compounds containing oxygen, which they take 
from these compounds, thereby, of course, 
decomposing them. Hence it is true to say 
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that there arc no exceptions whatever to the 
Universal rule that oxygen is the hfe-giving 
element. There is also the fact that in every 
kind of living matter, without exception, oxygen 
is invariably and necessarily found. It is a 
constant constituent of protoplasm, the “phy- 
sical basis of life.” It is found in proteids and 
carbohy^ates, afterwards to be studied; and 
though it is not a necessary ingredient of fats, 
yet it is invariably a constituent of the living 
part of the curious animal colls in which tho 
globules of fat are stored. 

Oxidation and Reduction. Now, tho 
process of combining oxygen with any substance 
is called oxidation, and the process of removing 
oxygen from any substance that already con- 
tains it is known, as we have briefly noted 
already, as reduction. Changes in these respects 
occur in a vast majority of all chemical processes, 
and hence these two words are of the utmost 
importance and convenience in chemistry. 

H^oeforward we shall vwe them freely, and 
as^me that the reader is familiar with them. 
He might expect that the opposite to oxidation 
would be deoxidation, and that word is some- 
times used, but the much more frequent use 
of the word “ reduction ** gives some indication of 
tho importance of this element. 

Chemiatp^ of Respiration. Now let 
us look a little further into tho question of 
tho oxidation of living matter, which is tho 
object of respiration. The products of this 
oxidation are extremely simple, and consist 
almost entirely of carbon dioxide (COo) and 
water (H.^O). But biological chemistry has 
discovered an extremely important fact regard- 
ing this process of oxidation. If we consider 
an ordinary speck of dead oxidisable material 
exposed to the action of the air, wo find, as we 
might well expect, that it is its outside or its 
surface which first shows signs of oxidation; 
the central part of the material can only be 
oxidised when all the outside is crumbled away 
in the form of 6xide. But the case is profoundly 
different when we come to consider a particle 
of living matter similarly exposed to the air. 

Its respiration by no means consists of a n)ere 
oxidation of its surface. What happens is that, 
in some way which we are yet far from under- 
standing, the oxygon is taken up into tho very 
substance of the living matter and then disposed 
of. But the reader must not imagine that the 
means by which human beings breathe is an 
illustration of this fact ; we are referring not 
to that obvious breathing but to the real 
breathing which occurs when the oxygen is 
brought into contact with the living matter. 

What we are attempting to describe is true of 
every living cell, no matter whether it be a 
cell of one of your muscles to which your blood 
is now conveying some oxvgen just derived from 
lungs, or whether it be such another living 
: oeD as one of the tiny microbes that exist almost 
where. The point is that the living cell, 
Hrliether it be an independent organism or merely 
a humble part of a complex organism such as 
imUf iia not at aU oxidise by the mere action df 
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oxygen upon tits surface, but first of all I’^-kos 
up the oxygen into itself, and distributes it in 
the most complete and intimate way. This is 
the fact which we attempt to express when we 
say that the respiration or oxidation of living 
things is intra-cell nlar — that* is to say, mthin 
the cells. But wc may go further: the facts 
show that before the process of oxidation 
actually occurs, the oxygen is actually taken up 
by the very molecules of tho living substance, 
which, indeed, have tho most extraoixlinary 
power of retaining it, when necessary, until 
there may be need for the production of tho 
energy which results from oxidation. Hence 
wc must learn the remarkable fact which is 
described as the inler-tnolectilar respiration of 
Jiving protoplasm. When the living thing dies, 
the dead protoplasm, if exposed to air, continues 
to undergo oxidation. But that is of a vcTy 
different kind. It is now merely the same 
oxidation, proceeding according to the ordinary 
physical laws of inorganic nature, that is seen 
when the surface of any <3rdinary metal becomes 
dulled by superficial oxidation. 

Oxidation and Growth. Wc must not 
be misinterpreted as stating that the laws 
of physics and chemistry are not applicable 
in the world of life : wtj are merely insisting 
that there is a profound difference, which 
we are as yet very far from understanding, 
between the processes of oxidation that may bo 
observed anywhere, and those infinitely more 
subtle processes of oxidation which are the 
essential part of the vital function called respira- 
tion. The wise reader will compare the facts 
upon which wc have been trying to insist, facts 
which enshrine a root principle of the growth 
of all living things, with the growth that appears 
to take j))ace in some non-living bodies. Ciystals 
of sugar-candy on a string do increase, but the 
growtli takes place by the addition of layers to the 
exterior, the interior remaining unaltered. 

He will sec that this is a profound distinction, 
strictly consistent with the distinction which we 
have been trying to state here. He willgucss that 
the reason why the living thing, unlike tho crystal, 
can grow from within is the fact that it is able 
to undergo chemical changes, largely consisting 
of oxidation, witliin its very substance, and 
resulting not merely in the “ growth “ of crystals 
of sugar-candy on a string, but the true growth 
which implies development and the accomplish- 
ment of a purpose. It is its power of ensuring 
and directing intra-molecular oxidation that 
enables the living ctdl so to distinguish itself. 

Oxone. When electric sparks are passed 
through oxygen there is formed the alio- 
tropic modification of it which is called ozone, 
and which has already been described [page 961]. 
Its formula, we may remember, is ; and, 
in confirmation of this statement, it may be 
noted that three vofhmes of oxygen have 
proved to form two volumes of ozone, as one 
would expect, remembering the equation for 
the qpnvraion of oxygen into ozone already 
given, and the remarkable law of Avogadro, that 
eq^al volumes of gases at an equal temperature 
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and pressure contain equal numbers of mole- 
cules. Ozone may not only be produced by 
the method above Btated» but also during 
electrolysis, and, in small quantities, in the 
course of very slow oxidation processes, as, for 
instance, that which occurs when ordinary 

R orus is exposed to the air. At sufficiently 
[uperatures ozone is transformed into a 
bluish liquid, closely resembling liquid oxygen. 
Ozone is, perhaps, the most inconstant of all 
tho ingredients of the atmosphere. This is due 
to the fact that it is extremely unstable, for 
reasons that have already been fully explained. 
A sufficiently keen nose may recognise its 
peculiar odour, if its possessor goes out, for 
instance, into a very pure country atmosphere 
at night, after spending an hour or two in 
smoky or badly ventilated room. In the open 
cdUntry, and at the seaside, ozone may readily 
be detected in the atmosphere ; but wherever 
there, is a quantity of oxidisablc organic material 
in the air — as, for instance, in towns and in their 
neighbourhoods — ozone is not to bo found, 
since it is decomposed, and ordinary oxygen 
formed by tho reducing action of such organic 
matter. In all probability ozone cannot be 
breathed, and is as irrcspirablo os if it had 
nothing to do with oxygen. The public gener- 
ally believes that it is a good thing to breathe 
air containing ozone ; so it certainly is, but not 
in tho smallest degree for tho reason that the 
ozone is of itself of any value as a gas to breathe, 
but because its presence in air is a proof that the 
air is pure^ the simultaneous presence of organic 
dirt (gaseous or other) and of ozone in air being 
impossible, owing to the groat activity of this 
gas as an oxidising agent. Various medical 
experiments have been made in order to test 
tho utility of ozone, and the statements above 
made may be regarded as accurately summing 
up the general conclusions to which those 
experiments lead. In eases of illness there is 
often very good reason to increase tho percentage 
of oxygen in the air that the patient breathes, 
but the intentional addition of ozone to it is 
unnecessary, and depends on an incorrect 
explanation of the superiority of sea to town 
air. As we have observed, the presence of 
ozone in the former is of value, not in itself, 
but as an index and proof of purity. 

The Atmosphere. By far the most 
important constituent of tho atmosphere, from 
our point of view, is oxygen, though about 
four-fifths of it by volume is composed of 
nitrogen : . the percentage of carbon dioxide is 
*04. In addition, there is always a certain 
amount of water vapour, and traces of various 
compounds containing nitrogen. Until late 
years the foregoing would have been, more or. 
less, an adequate account of the chemical 
composition of the air, but it is now known 
that tho air contains a number of other gases 
wMbh are of very considerable interest. If the 
air were a compound, the presence of these 
gases must have been detect^ long ^go ; but 
since the air is not a compound, but merely a 
mixture of gases, it is easy to understand how 
the presence of these recently discovered gases, 
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which occur in only very small quantities, 
came to be overlooked. 

The Discovery of Argon. The initial 
discover 3 rwas made by Lord Rayleigh, who 
has recently^ served a term as President of the 
Royal Sociolby* In discussing this very in- 
teresting subject we shall follow very care- 
fully the statements and, whore possible, the 
actual words, of Lord Rayleigh himself. He was 
led to the now universally admitted discovery 
of the new gas argon in the course of soma 
investigations regarding the densities of the 
most important gases — hydrogen, oxygen, and 
nitrogen. He found that different results were 
obtained by different methods of ex^riment, 
and it became apparent that the differences 
were not due to accident or errors of observation, 
but, as he says himself, “ that the complication 
depended upon some hitherto unknown body, 
and probability inclined to the existence of a 
gas in the atmosphere heavier than nitrogen 
and remaining unacted upon during the removal 
of the oxygim.” This was the means by 'i^ich 
Lord Rayleigh, with the aid* of Sir William 
Ramsay, the Professor of Chemistry at Uni- 
versity College, London, was enabled to 
announce to the British Association in 1894 the 
discovery of a new gas in the atmosphere, 
though “ for more than one hundred years 
before 1894 it had been supposed that the 
composition of the atmosphere was thoroughly 
known.^’ This new gas was named argon, 
which is a (^Ircck word meaning lazy, in order 
to indicate the fact that it is chemically very 
inert and has no tendencies to unite with any 
other substance. This chemical inertness of 
irgon is, of course, one of tho reasons why it 
was so long in being discovered. It is, perhaps, 
worth noting that certain chemists inclined to 
tho view that argon is a sort of condensed 
nitrogen having the formula N.^, just as ozone, 
with the formula 0.^, is a sort of condensed 
oxygen. But that view is entirely disproved. 
Argon is unquestionably an jelemont, and 
possesses a very characteristic spectrum [see 
Physics]. Its atomic weight, according to 
varioi!.s investigations, is very nearly 40. So 
inert is this element that there is still no definite 
evidence of the preparation of any compound of 
it whatever, despite a very large number of 
attempts to produce such combinations. 

More New Gases, This discovery, how- 
ever, like so many others that have been at 
first questioned, has not only been established, 
but has led to many more, which stand to the 
credit of Sir William Ramsay. Argon, so long 
unknown, actually constitutes nearly one per 
cent, of the atmosphere. Contrast this with the 
tiny proportion of carbpnic acid. But there 
have now been isolated from the original argon, 
so to speak, no less than four other elements, 
and probably five. The four of which we may 
be certain are called neon (Greek for new), 
krypton (Greek for hidden), xenon (Greek for 
stranger), and, by far the most interesting of 
all, helium, the name of which is derived from 
the Greek word for the sun, and was given it for 
tne reason that, as we already noted [page 1094]^ 



this most remarkable element was discovered 
in the sun before it was found on the 
earth. Helium must be discussed at a much 
greater length when we come to consider a still 
more remarkable element, radium. The per- 
centage of these gases in the air is extremely 
minute, and, according to Sir William Ramsay, 
probably the volume of all of them taken together 
does not exceed 4 Joth part of that of the argon. 
Now, the remarkable fact which is common to 
all these five new constituents of the atmo- 
sphere is that not one of them can be made to 
combine with any other substance whatever — 
in fact, they are all as “ lazy ” as argon. Each 
of th(5m has its own characteristic atomic 
weight and spectrum, but we need not concern 
ourselves with these. The really interesting 
thing is the existence Of these five elements, 
which seem, so to speak, to bo isolated in 
ISaturo ; more especially because we have 
reason to believe in a perMic law which declares 
that all the elements are related to one another. 

like New Gasea and the Periodic 
Law, Now, one of the most important facts 
which are demonstrated by the periodic law is 
that the succeeding groups of elements show a 
regular progression in the number of atoms of 
other elements with which one of their own 
atoms is able to combine. This property is 
called mlenaji and will be considered later. 
For instance, group one of the elements includes 
those who.se atoms are able each to unite with one 
atom of any other similar element. Hydrogen 
and sodium, for instance, belong to this group, 
and are hence called monovalent— that is to say, 
their valency is one. Oxygen, again, belongs to 
.the second group, and its valency is two. The 
best illustration of what is meant is furnished by 
the formula of water, which is HyO, indicating 
that it needs two “ one-handed hydrogen 
atom^, so to speak, to unite with one “ two* 
handed” oxygen atom. This is enough to 
enable us to understand valency so far as 
we need at present. Now, what is to be 
done with a group of elements which are 
incapable of combining at all— elements which 
have no valency ? Plainly, if the periodic law 
be correct, they must form a group nothing, or 
zero, which must fit into the table with all the 
other elements. Now that is exactly what, 
indeed, these elements do ; directly we discover 
their atomic weights, we find that they naturally 
fall into the very places which theory would have 
predicted for them, and they formed the zero 
^oup of the late Professor Mendeleeff’s table, 
published ten years ago. 

For a consideration of a large number of other 
Important facts concerning the atmosphere, the 
reader must consult the coarse on Physics, 
There is little more of importance to be said 
cmioeming the chemistry of the atmosphere, 
though very much that is a matter of life and 
death might be said if we were discussing the 
subject of ventilation [see Physiology and 
Hbaltb], The necessity for ventilation depends 
upon the fact that the presence of living things 
in atmosphere alters its composition to their 
disadvantage, so that, if they do not move 
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to fresher aii, fresher air must be brought to 
them to enable them to live. 

The History of the Atmosphere. 

If we recall the teaching of geology'and astro- 
nomy, telling us how the earth was oiice too hot 
to sustain life, we shall see that the mixture of 
gases that covers the solid surface of the earth, 
and that wo familiarly call the air, must have 
hod a very int^Tcsting history. According to 
one widely accepted theory of the earth’s origin, 
all that wo now know as the solid earth, and all 
the liquid matter that now fills the ocean- beds, 
was once gaseous. The ga8e.s of the atmospliere 
are simply composed of those particular elements 
which arc ga-seous at the present temperature 
of the earth’s surface, which have not entered 
Kkinto complete combination with the solid matter 
of the earth’s crust, and which have not been 
whisked away into space by centrifugal force 
[.see Physics], this being th(» fate that is supposed 
to have befallen the former atmosphere of the 
moon, and some of the lighter constitutents of 
our own atmosphere. Now, in the past, when 
the earth’s temp(;ratiiro was much higher, and 
when many other conditions were different, it is 
more than probable, for instance, that — long 
before man appeared — the proportion of carbon 
dioxide (CO.j ) in the air was much higher than it is 
at present. This would account for the extreme 
luxuriance of vegetation, to wliich every lump 
of coal boars witness, th(i carbonic acid of the 
air being one of the most important constituents 
of the food of plants. Again, it is quite certain 
that, at a very much more remote marled, which 
must certainly date back tens of millions of 
years, the temperature of the earth’s surface was 
so hot that water could not occur in its liquid 
form. At that time one of the most important 
and abundant constituents of the earth ’a atmo- 
sphere was gaseous water, or water vapour. 

The Future of the Atmosphere. 
Whatever the post history of the atmosphere 
may have been, we can scarcely fail to be 
interested in the question of its future, upon 
which the continued existence of the human race 
certainly def)onds. It seems at first sight quite 
evident that there is taking place a very serious, 
though admittedly very slow, change in the 
chemical composition of the atmosphere, depend- 
ing upon the respiration of the countless living 
things, animal and vegetable, which depend upon 
it for their life. Wliat is continuously happening 
day and night in the case of every living thing, 
without exception, including, for instance, the 
writer os he forms these words ? His body is 
undergoing a series of chemical interchanges 
with the atmosphere, the essential upshot of 
which is that the air around him becomes poorer 
in oxygen and richer in carbonic acid. Now this 
process of respiration and its consequences are 
common to every living thing, always and every- 
where. Hence th^e appears to be no choice 
but to believe that the percentage of carbtSnio 
acid in the air is slowly increasing, and that of 
oxygen * %lowly diminishing. Meanwhile, the 
8ttt(fentA of health remind us that when the 
percentage of carbonic acid in the air goes any* ^ 
Where above *06 such air becomes more or less ' 
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poisonous to animal life in general, Including the Now, a parallel series of changes occurs in certain 

life of man. Are we then to believe that the carbonates of sea* water, more especially the 

carbonic acid is accumulating, and will continue carbonate of magnesium. In sea-water there 

to accumulate, gradually filling up the valleys occurs a certain amount of this salt in a more or 

and low-lying districts in consequence of its loss stable state, and also a certain quantity of 

greater weight, and graduallv driving human the bicarbonate of magnesium, 

beings higher and higher, until the “ last man,** But, as we have already seen, there is reason 
gasping for air on some mountain peak, joins his to believe that the proportion which these two 

fellows who lie drowned in the sea of carbonic salts bear to one another in sea-water depends 

acid beneath him ? strictly upon the physical conditions which 

A Compensatory Action. Now, in surround them, the most important of these 

the first place, we must notice that there conditions being the percentage of carbonic acid 

’.s a compensatory action, which is of con- in the air above the sea [page 1 362]. 

sidcrable importance — namely, the action of the There is thus an automatic, self -regulating 
green plant, under the influence of sunlight, in mechanism by which the oceans are enabled to 

decomposing the carbonic acid of the air, retain- preserve the constancy of the proportion of 

ing the carbon and giving back to the air freeW carbonic acid in the «^ir above them, and not 
oxygen again. This process, however, cannot only so, but the winds, and that property of 

suffice to dispose of the picture we have suggested, gases which we have described as diffusion [see 

even apart from the fact that its value is largely Physics], ensure that the consequences of this 

neutralised, since even the plants that perform process extend also to the air of the land. Of 

this function are also necefi^^arily performing course the discovery of this process is very far 

the opposite function of respiration. There is from enabling us to reach any positive 

another fact of the very greatest importance, conclusions as to the more immediate future of 

which is of only comparatively recent discovery, the atmosphere. It is evident that the mere 

and which is of great importance to the theorist, absorption (in the form of bicarbonates in sea- 

and of incalculable importance in relation to the water) of the extra carbonic acid which is being 

future of the atmosphere. constantly added to the atmosphere by the 

A Function of the Sea. In a previous respiration of all living things, and also by every 

chapter we briefly noted, in reference to the kind of combustion initiated by man for bis 

existence of double compounds, that the many own purposes, is by no means equivalent to an 

salts of sea-water exist in a somewhat peculiar absolute compensation for this process. All 

state. If we take a sample of sea-water and that it accomplishes is to hide the consequences 

proceed to analyse it according to the usual of the process or postpone them, 

methods, we And that it contains such and such a Tendency of Chemical Change. There 
percentage of sodium chloride, another percentage is thus raised the further question, which 

of salts of magnesium, and so forth. Hence, we cannot be considered hero, as to the ultimate 

might suppose that these salts exist in definite consequences of the fact that the overwhelming 

form, and in definite proportion in sea-water ; tendency of all the chemical processes tliat 

but it is not so. We know now that the salts occur on the earth is in one direction — a 

of sea-water mainly occur, not at all in definite direction which is well indicated by the union 

states, but in states which constantly vary and of carbon and oxygen to form carbonic acid, 

differ, according to the physical conditions — cen- The essential consequence of this union is 

ditions such as the temperature, the pressure of the dissipation of the potential chemical 

the atmosphere, the partial pressure of the various energy [see Physics] of the carbon and of the 

gases in the atmosphere, and, indeed, all the other oxygen in the form of heat energy or kinetic 

physical conditions that occur. It is the new energy, which is scattered and, for practical 

science of what is often called physical chemistry purposes, lost, though, of course, it is not 

that is teaching us how exactly to correlate such annihilated. Hence, in considering the future 

physical conditions with the facts of chemical of the atmosphere, we are led on to the study 
combination and union. of the remarkable and vastly important theory 

Now, if the reader remembers our former dis- called by its author, Lord Kelvin, the theory 

cussion of the carbonate and bicarbonate of of the dissipation of energy, 

calcium, and the formation of stalactites and So much, then, for our chemical discussion 
stalagmites, he is already completely prepared of the atmosphere, of which, from our point of 

to understand the most important function of view, the oxygen is the essential constituent, 

the sea in regard to the composition of the the carbonic acid a source of some apprehension, 

atmosphere. , He will remember how an extra and the large proportion of nitrogen meiely a 

proportion, so to sj^ak, of carbonic acid is some- means of diluting the (^ygen, which would 

times added to can)onate of calcium, converting otherwise be too active for our convenience, 

it into the soluble bicarbonate, and how, imder We have now to remind ourselves that, 

certain physical conditions, laich os occur when when tho elements are considered in gioups, 

water, charged with bicarbonate, drips through there is good reason for considering sulphur 

the roof of a cave, the extra carbonic acid is and oxygen together, and we must there- 

; given off to the air, and the insoluble earbonat>f> fore pass on to discuss thia other important 

is precipitated or solidified from out of the wtiter. element. 

a W. SALEEBY 
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Justinian and his Code. The Growing Pressure from 
Mohammed’s Followers upon the Eastern Empire. 


EARLY MIDDLE AGES IN THE EAST 


INURING the fifth century the Roman 
^ Empire in the East had enjoyed a 
comparative, but only a comparative, 
immunity from the chaos in Italy and the 
West. Then, after the line of Theodosius 
had come to an end, a captain named 
Justin, who is commonly reputed to have 
been of Slavonic blood, was raised to the 
purple. With himself he associated his 
exceedingly able nephew, Justinian, who 
succeeded him in 527, about the time of 
the death of Theodoric, in Italy. 

It was the intention of Justinian to 
re-establish his authority over the whole 
empire. His great general Belisarius, 
who had first distin^ished himself by 
brilliant services against the advancing 
Persians in the East, almost destroyed the 
Gothic power in Italy, though the com- 
pletion of that work was left to be accom- 
plished by N arses. Belisarius also anni- 
hilated the Vandal kingdom in Africa, 
of which the world was very well rid. At 
the end of his life he repelled the vigor- 
ous attack on Constantinople of a new 
horde mainly of Mongol origin. 

Justinian, in fact, exhausted his re- 
sources in wars which were unnecessary, 
if successful, and in vast public works, 
which were splendid but needlessly ex- 
travagant. His fame, however, rests 
chiefly and deservedly on his great work 
codifying and giving a permanent ^hape 
to the vast mass of laws and precedents 
which the Roman legal system had been 
accumulating for many hundreds of 
years. The code of Jastinian became 
the basis of law practically in every 
European country, with, the one notable 
exception of England. 

Save for the destruction of the Vandals, 
neither the empire nor the world derived 
much benefit from Justinian’s victories. 
The destruction of the Gothic kingdom in 
Italy only made easier the advance of 
other Teutonic races, the Franks and the 
Lombards, whose civilisation was infinitely 
behind that of the Goths; while after 
Justinian's day the officers of the eastern 


empire were never able to exercise any 
effective control over the west. 

The really imminent danger was from 
the Persian power, w liich became ex- 
tremely aggressive. The Persians over- 
ran all Western Asia, conquered Syria 
and dominated Asia Minor, until the line 
flpf Justinian came to an end, and the 
imperial succession was secured, abojit 
610 A.D., by the great soldier Heraclius. 
who after long preparations fell upon the 
Persians like a thunderbolt, and com- 
pletely broke up their power in a series of 
brilliant campaigns. But, even while he 
was delivering the Western world from this 
Oriental peril, a storm-cloud was arising 
in a new and most unexpected quarter. 

The wild tribes of Arabia had always 
stood outside the influence of the neigh- 
bouring civilisations, Egyptian or Syrian, 
or Greek or Roman. They were still 
primative nomads or primitive agri- 
culturists. Traditionally, they claimed 
descent from the father of the Hebrew race 
through Ishmael, the son of the bond- 
woman ; but their already distorted religion 
had been further distorted by all sorts 
of miscellaneous accretions, till, in the 
sixth century, it was a sort of con- 
glomerate of fetish worship and demon 
worship, with occasional borrowings from 
Judaism, Christianity, and miscellaneous 
Eastern religions. In the city of Mecca 
were a temple and a stone, called the 
Kaaba, which were general objects of 
veneration traditionally associated with 
Adam and .\braham. 

In these very unlikely surroundings 
arose the prophet Mohammed, who when 
already of mature years became pos- 
sessed with the idea that he had a mission 
of regeneration to accomplish. The arch- 
angel Gabriel appeared to him in a 
vision. He began to preach moral and 
religious doctrines, by no means elevated, 
but still infinitely higher than anything^ 
to which the /Vrabs had been accus- 
tomed. He was met first with scoffings, 
then with persecution. In the year 
622, • he* was obliged to take flight 
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from Mccoa ; this year of the Prophet's flight, better able to deal with the situation. Outside 

whioh is called the Hejira, is reckoned as the of, Europe little remained to the empire except 

first year in the Mohammedan era, the equiva- Asia Minor. The Saracens, as the followers of 
lent of A.D. in the Christian era. the Prophet began to bo called, built fleets which 

But the Prophet found followers ; they grew in dominated the Mediterranean, carried their faith 

numbers; their leader claimed, and they be- westward among the Berber tribes on the African 

lieved, that his pronouncements were inspired, coast, flung themselves even upon Sicily, and in 

They made war upon the unbelieving city of the beginning of the eighth century threw an 

Mecca ; they wore victorious over the Meccans ; invading force into Spain, where the Gothic 

and the Kaaba was converted into the sacred power was destroyed, the Goths were driven into 

shrine of the now faith. The Prophet and his the north-western and north-eastern comers of 

followers set themselves to compel submission to the peninsula, and the Moslems ruled supreme 

his authority at the sword’s point. When tho over the rest. Thence they broke into France, 

Emperor Herachus was engaged in his struggle o-od their career was onlv stayed by tho decisive 

with tho Persians, both ho and tho Persian king victory of Charles Martel, at Poitiers, 

received missives inviting them to recognise tho The Internal Dissensions of Islam. 
Prophet of Allah — missives which the Persian Tho khalifate, the leadership of Islam, had 

received with contumely and Heraclius with fallen into tho hands of a family called the 

])olite but hardly veiled contempt. Neither of Ommayads. Under them the {:$aracen dominion 

them imagined that an had been extended over 

obscure Arabian fanatic tho whole to the 

was about to turn the further confines the 

world upside down. Persian empire ; Arab in- 

• M vaders early the 

The ^ P ^ ^ ^ century planted themselves 

even in the Punjab, though 
they established no perma- 

Faith. Mohammed s uent dominion in InW 

death was a shock to his 

followers; but the ablest house of Heraclius 

of his disciples, Abu Bekr, 1^^^^ failed to defend Africa 

was chosen as the first and Asia east of the Taurus 

khalif, or successor of the mountains against the 

Prophet. Rivals naturally Moslem deluge. Koverthe- 

sprang up ; they were l®®®» Constans, tho grandson 

vigorously suppressed, but Heraclius. fought man- 

the faith which had first against tho Saracens, 

established itself by the and at least held them in 

sword was fanatically re- check, though he failed to 

solved to spread itself by recover lost territory. The 

tho same means. The vigour of their attack was 

Moslems, organised after indeed weakened by intor- 

Abu Bekr by the great dissensions among the 

Omar, advanced against faithful, and struggles for 

tho West and against the khalifate. A great 

East, offering to all op- body amongst the Moslems 

ponents the three alter- maintained that the true 

natives, conversion, sub- succession lay with the 

mission and tribute, or house of Ali, the son-in-law 

death. The first energies I'be Prophet, husband of 

of Islam were directed his daughter Fatima. This 

against the Persians; its section came to be variously 

arms were carried across known as tho Shiites or 

the Euphrates and across Fatimites. During the third 

tho Tigris. Following this quarter of the seventh 

eastward advance the Mos- century the attack upon 

loms turned upon Syria, Justinian prbsentino his code or laws the West was consequently 



which was a portion of to triboniai 

what was still called the Roman Empire, 
absorbed it piecemeal, burst upon Egypt, and 
in 641 captured its capital city, Alexandria. 

Tho progress of Mohammedanism was as rapid 
in Africa as it had been in Asia ; in no part of his 
dominions oversea could tho emperor from Con- 
stantinople offer an adequate resistance4> Physio- 
ally and intellectually he was no longer the same 
man who had hurled back the Persian power. 
After his death, his successors proved to bo no 

IfiOa 


TO TRIBONIAN, HIS MINISTER 


relaxed. 


The Saracen Oegupation of Asia 
Minor. Constans then, not very wisely, turned 
his attention once more, with some degree of 
temporary success, to an attempt at recovering 
supremacy in Italy. While he was in the west, 
the Saracen attaok was renewed. Constans was 
assassinated, and was subceedod by. his young 
son Constantine, called Pogbnatus, the Boarded. 
So vigorous was the onslaught that the SaraCjSns 
pierced the Taurus, overran Asia Minor, and 





THR IPMPEROR JUSTINIAN AND HIS ADVISERS IN WAR AND PEACE 













asf^iShiH' •*- 








i 








IHE EMPRESS THEODORA WITH THE PBIESTS AND LADIES OF HER COURT 
Exotn tho celet>rate4 mosaics of contemporary date at S. Vitale, Ravenna 







QIIOII» 7— HI8TOIIV 


threatened Constantinople itself. «The victory, 
however, fell to Constantine, who first succeed^ 
in shattering the enemy's fleet, and then inflicted 
upon their land forces a rout in which thirty 
thousand of thorn were said to have been killed. 

Slavonic Occupation of the Balkans, 

At about this time the Mpngol Bulgars 
effected their definite settlement in the Danube 
valley. Slavonic tribes, also, of the Aryan stock 
had for a long time past boon spreading themselves 
over the whole of the Balkan peninsula. The 
Mongol Bulgars dominated, and gave their name 
to Bulgaria ; but, in fact, the Mongol stock soon 
mingled with and became absorbed in the 
Slavonic stock, so that even from a very early 
stage the Bulgarians must be looked upon not 
as Mongols but as Slavs. 

• Though Constantine drove the Saracens back 
out of Asia Minor, he was unable to carry a 
counter attack beyond the Taurus. On his death, 
in 685, he was succeeded by his son, Justinian II., 
a prince whose remarkable abilities were counter- 
balanced by ungovernable passions and a sin- 
gularly cruel and capricious disposition. He 
was dethroned and driven into exile in conse- 
quence of his misdeeds and violence ; nevertheless, 
he was able to return after a time and recovrir 
his throne by the aid of the Bulgar king. His 
tyrann}', however, could not be tolerated for 
many years. He was killed in a military revolt, 
and once more there was a brief succession of 
emperors, raised to the purple by one military 
faction, only to be overthrown by another. 

Saracen Advance on Conatanlinople. 

The vigorous Velid became khalif in 705. 
Under his rule the power of the khalifate in- 
creased ; but though the troubles at Constar\ti- 
nople enabled his troops to overrun Asia Minor, 
his main energies were directed to establishing 
his power in the further East. In 716 be was 
succeeded by Suleiman, and Suleiman deter- 
mined to make a grand attack upon the Chris- 
tian empire at Constantinople. 

The first onslaught was checked at Amorium, 
in the centre of Asia Minor, by the imperial 
general Leo, called the Isaurian — the Isaurians 
being a race of mountaineers of Eastern Asia 
Minor. But IjCo saw that the Saracens were not 
to be held back by the struggles of isolated 
generals. The chaos at Constantinople must 
cease if an organised resistance was to be offered. 
From Amorium he hurried to Constantinople, 
where the last emperor who had been raised to 
the purple was wise enough to abdicate volun- 
tarily in favour of a man able to deal with the 
situation. Leo was acclaimed emperor, and at 
once set about a vigorous organisation of the 
defences of Constantinople. 

The Saving of Eastern Europe, 

The armies of Suleiman poured across . Asia 
Minor; his fleet dominated fhe iEgean Sea; his 
troops were carried over to Europe, and Con- 
stantinople was shut in upon the west as well as 
upon the east. But through the wintef Congtan- 
tinople defied attack, and Loo’s ships, issuing 
from the Qolden Horn, broke up the Per8i|n 
fleet. As the spring of 718 advanced, the Bul- 
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garian king was induced to lend his aid. He 
attacked the Moslem force on the west, and in- 
flicted upon it a great defeat. Leo himself had 
by this time dealt a heavy blow to the forces on 
the other side of the Dardanelles. The Saracens 
in Europe were already in straits fropi failure of 
supplies. The siege was raised ; the remnants of 
the army wore embarked on the fleet, and most 
of the fleet went to tho bottom in a storm. Leo’s 
defence of Constantinople saved Eastern Europe 
as decisively as Charles Martel saved Western 
Europe fourteen years afterward at the battle 
of Poitiers. Thenceforth tho question became 
rather one whether tho Greek empire woiil«l 
recover territories beyond the Taurus than 
whether the khalifate would encroach any 
further upon its borders. 

Bagdad as a Seat of Culture. Fot 

some years vigorous emperors ruled at 
Constantinople, while the Saracen empire wa«* 
again tom by factions. About the middle 
the century the Ommayads in the east w'ere 
completely overthrown, and a dynasty of 
khalifs called the Abbasides was set up. One of 
the Ommayads, Abd Or Hhanian, escaped, and 
was recognised as khalif in tho west; but the 
eastern khalifate remained with the Abbasides, 
who set up thoir capital in the city of Bagdad, 
on the Tigris, which grew rapidly in wealth and 
splendour. Here, in 780, began the reign of the 
famous khalif Harun al Raschid, whoso name 
was surrounded by almost as many myths as 
that of his mighty contemporary Charlemagne. 
At this epoch of the world’s history the centre of 
culture, of learning, of wealth, and, it may b#' 
added, of toleration, wns to bo found not 
at Constantinople nor at Rome nor at 
Aachen, but at Bagdad. 

The Rise of the Iconoclasts. Loo 

tho Isaurian is famous not only for tbe 
great and decisive repulse of Islam. He was 
also the founder of the dynasty known as tho 
Iconoclasts. Both in Eastern and Western 
Christendom Christianity had been overlaid with 
gross superstitions. Loo, in other respects ortho- 
dox ensugh, had learnt, perhaps from contact with 
the Mohammedans, to abominate idol worship ; 
and superstitious adoration of relics genuine or 
spurious and of the effigies of the saints appeared 
to him to be nothing loss than idolatry. He 
and his successors set themselves to the sup- 
pression of the worship of images, and hence 
came their title of the Iconoclasts, the image- 
breakers.” The ecclesiastics and the uneducated 
populace resented what appeared to them to be a 
oiasphemous heresy ; and throughout the cen- 
tury the struggle raged between the two parties 
who^ere known respecty^ely as the Iconoolasitf 
and the Iconodules. 

Tho Iconoclasts were strong and capable ruler^ 
and the eastern empire flourished under their 
control, in spite of religious dissensions and per- 
secutions. The d 3 masty, however, was brought 
to an end at the beginning of the ninth century, 
when the imperial power had been usurped by 
Irene, the mother of the man who should have 
l^n emperor. A. D, INNE8 
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Machinery for Cuttings, Trenches, Tunnelling, Rock-Cutting, Dredging, 
and Pumping. Locomotives, Tip Waggons, and Dobbin Carts. 

THE CONTRACTOR’S MACHINERY 


T he machinery and appliances used by a 
contractor in cariying out works of con- 
struction coming under the head of Civil 
Engineering vary with the class of work and 
the magnitude of the contract. The contractor 
has to take the risk of the efficiency of any 
method he may adopt, and good judgment in 
the use of means is most essential if he is not 
to incur an actual loss ; but it must be re- 
membered that a contractor’s nominal loss is 
frequently only the loss of further profit- 
that he thinks ought to have been made. 
The risk is great, and it is only right that 
the profit should be corrosfiotidingly large 
when good judgment is exercised. 

General .Tools. The personal tools, such as 
picks and spades, barrows and wheeling planks, 
ladders, scaffold boards, blocks and falls, crab 
winches and crowbars, will always be needed. 
A portable steam-engine, mortar- mill, stone- 
breaker, screens and concrete mixer will probably 
come next, with horses and strong carts for 
carrying bricks and earth. Then sht^ls for 
storing lime and cement, a smith’s forge, a saw- 
mill, a portable office, and, for a largo contract, 
a light locomotive, trucks and rails, steam navvy 
or portable excavator, pumps, derrick poles, 
overhead travellers and gantries, steam cranes 
and pile engines. When any particular piece of 
plant is wanted for temporary use only, it may 
generally be hired at a charge of about one per 
cent, of its value per week, but large contractons 
find it cheaper to buy outright all the plant 
they re(piii'e for use. 

Excavating Machines. A navvy’s pick 
and shovel and hand-barrow are only iisod 
on the smallest work, and machines have 
been introduced to economise both time and 
labour. The majority are of the steam crane 
type, such as that by Wilson & Co., shown at 
work on the Cruden Railway, near Aberdeen [1]. 

This machine has a lifting power of 12 tons, 
and will excavate and put into waggons 750 to 
1000 cubic yards per day of ten hours, accord- 
ing to the nature of the ground. It will work a 
clear 22 ft. space and drive a gullet 50 ft. wide, 
turning round the whole circle. By removing a 
couple of cotters, the digging gear can easily bo 
disconnected, and the machine then becomes an 
ordinaiy 12- ton locomotive crane, with free 
movement for the disposal of the excavated 
material. Its total weight is about 35 tons. 

The latest type of appliance for this kind of 
work is the electric navvy, shown in 2, ana 
constructed by Ernest Scott & Mountain, Ltd., 
of Newcostle-on-Tyne. 

As the waggons are filled, they are run by horses 
to the tip, where the material from a cutting 


has to make up an embankment, or to be put 
into trains drawn by a contractor’s locomotive, 
where the distance to bo travelled is sufficiently 
great to warrant the additional expense. Tip 
waggons are generally used so that the unloading 
is automatic. 

Dobbin Carts. Dobbin carts are small, 
strong tipping carts, containing 2 yd. of earth, 
being suitable for drawing by one horse over 
a rpugh surface. The following table gives 
the capacity of . various appliances utilised •for 
removing earth : 

CLIBIC YD. 

A wheelbarrow light holds 

A wheelbarrow, ordinary 
A wheelbarrow, largo (navvy) . . « 

A dobbin cart J 

A one-horse cart (6 ft. x 3^ ft. x 2\ ft.) 

An earth waggon, small, filled to level 
of sides, as with gravel, sand, etc. 2 

An earth waggon, small, when heaped, 
as with earth or clay . . . . 2J 

An earth waggon, largo, filled to level 

of sides 22 

An earth waggon, largo, heaped . . 3 

Pug-Mills. When clay from an excavation 
is reipiired for use to form a water-resisting 
medium, as in reservoir dams or coffer dams, 
it is put through a pug-mill, to temper it 
or work it up to a homogeneous mass, in which 
condition, so long as it is kept moist, it is 
im[)ervious to water. 

Sewer Excavators. A novel form of 
excavator, by the Munitapal Engineering and 
(Contracting Co., shown in 5, is usetl in America 
for cutting the trenches for laying sewers, 
gas and water pipes. This machine excavates 
trenche.s 14 to 60 in. in width, and any depth up 
to 20 ft. It is reckoiiod to do the work of 
150 men. Another form of trench excavator, 
mode by Van Buren, Heck & Marvin, and used 
with success in America, is showm in 4 . It is 
geareil to travel at a speed of 2 ft. per minute, 
and is capable of digging trenches up to 12 ft, 
deep and 4^ ft. wide. The machine shown in 
the illustration dug a trench 7. ft. deep ana 26 in. 
wide in stiff clay at a rate of 700 to 900 lineal ft. 
per day. The trench excavating machine made 
by the Helm Trench Machine (>)., and shown in 3, 
is of the bucket dredging principle. This machine 
is capable of digging trenches of any depth up 
25 ft, and any width from 24 in. to 36 in. by 
changing the buckets. 

Excavating machinery is, perhaps, the innova- 
tion of comparatively recent times that has 
done more than any other to economise the cost 
of large contracts. In the formation of canals 
and*railway cuttings, where the soil is suitable. 
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neatly the whole of the work can lie done by a 
steam navvy, indadiog the formaiioii of the side 
slopes ; and the trench ezoavatois iihistrated 
below may be expected to prove as useful for 
work in the open country in England as they 
are in America. For town work, there are many 
eases where they would not be applicable, owing 
to gas and water pira bdng in the way, and 
requiring careful hand-mgging, to avoid damage. 

Tunnelling in Clay. Tunnelling in 
clay is now done by means of the Greathead 
shield, which is a ring of steel forced forw'ard 
by hydraulic rams bearing against the cast- 
iron lining rings, previously fixed. The direction 
U altered for a curve or gradient by increasing 
the stroke of the rams on a portion of the circle. 


The difficulty of driving the small heading in 
advance of the tunnel proiier may bo overcome 
by the use of an electric excavator in front of the 
Greathead shield, as show^n in 7, which is by 
Ernest Scott & Mountain, Ltd. Gravel is not 
only harder to drive through than clay, but it 
is more subject to the influx of water. When this 
is likely to enter, special pumping arrangements 
have to be made, and it may even be necessary 
to work under pressure with an air lock. 

The introduction of this system proved of 
inestimable advantage in the instruction of the 
tube railways across London ; the cost of the 
wor]L in the old style of tunnelling, with massive 
brickwork, supported by a forest of tijpbering, 
would have been practically prohibitive, and 
when the difficulties of ventilation were over- 
come, the j^eat extension of the tube railway 
system of me kst few years natiiralfy followed. 


Pumping Appliances. A chain pump, 
consisting of float boacds attached at idCsrvais 
to a oonttnuoiis ohain, and drawn- up a wooden 
trunk over a wheel at the top, forms a suitable 
arrangement ' for dealing with large quantities 
of water where there may be any straw, chips, 
or shavings about, as it is not very liable 
to choke ; but when the water is fairly clean, the 
pulsomcter pump [ 9 ] is the most convenient 
and simple appliance. 

The Pulapmeter Pump. The pulsometor 
shown in section in 10 consists of a single casting 
called the body, which is composed of two 
chambers AA joined side by side, with tapering 
necks bent toward each other, and surmounted 
by another casting called the neck J, accurately 


fitted and bolted to it, in which the two passages 
terminate in a common steam chamber, wherein 
the ball- valve 1 is fitted so as to bo capable of 
oscillation between seats formed in the junction. 

Downwards, the chambers A A are connected 
with the suction passage C, wherein the inlet or 
suction valves EE are arranged. A disohargo 
chamber, common to both chambers, and leading 
to the discharge pipe, is also provided, and this 
also contains one or two*valvos FF, according 
to the purpose to be fulfilled by the pump. The 
air chamber B communicates with the suction. 
The suction and discharge chambers are enclosed 
by hinged covers HH accurately fibbed to the 
outlets by planed joints, and readily removed 
when access to the valves is requirra; in the 
larger sizes, band holes are provided in these 
covers. GO arc guards which control the amount 
of opeiiiag ol the valves ££. Small air oodss am 




wrewed into the cylinders and air chamber, for 
use as will be hereafter described. These are the 
general outlines of the construction of tho 
apparatus, and 
they are suffi- 
cient for tho 
understanding 
of the nature of 
its operations. 

Action of 
the Pump. 

The pump, 
having boon 
filled with 
water, either by 
pouring water 
through the 
plug-hole in tho 
chamber, or by 
drawing the 
charge, as can 
readily bo done 
by attention to 
the printed directions, is ready for woric. »Stc*am 
admitted through the steam -pipe K — by opening 
to a small extent the stop valve — passes down 
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water in the pipes leading to the discharge 
chamber, an instantaneous condensation takes 
place, and a vaciiiini is, in consequence, so rapidly 

formed in the 
I newly emptied 
1 chamber that 
; the steam ball 
; is pulled over 
I into tho seat 
' .o[>po8ite to that 
, which it had 
occupied during 
tho emptying 
of the chamber, 
elosing its upper 
orifice and pre- 
venting tho fur- 
tluT admisrtfin 
of steam, allow- 
ing the vacuum 
to be completed. 
Water rushes 
in irmnediately 
through the suction pipe, lifting the inlet valvo 
E, and rapidly tills the chamber A again. Matters 
are now exactly in the same state in the second 
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that side of tne steam neck which is left open to 
it by the position of the steam ball, and presses 
upon the small surface of wate^r in tlic Aamber 
which is exposed 
to it, depressmy 
il without any 
ofjilalwnt and 
consoq uontly 
with but very 
slight condensa- 
tion, and driving 
it through the 
discharge open- 
ing and valve 
into the rising 
main. 

The moment 
that the level of 
the water is as 
low as. tho hori- 
zontal orifice 
which leads to the discharge, the steam blows 
through with a certain amount of violence, and 
being brought into intimate contact with the 


chamber as they were in the first chamber when 
wc began our description, and the same results 
ensue. The change is so rapid that, even without 

an air vessel on 
the deli very, 
but little pause 
is visible in tho 
How of water, 
and the stream 
is, under favour- 
able circum- 
stances, very 
nearly continu- 
ous. The air 
cocks are intro- 
duced to pre- 
vent the too 
rapid filling of 
the chambers on 
low lifts, and for 
other purposes, 
and a very little practice will enable any unskilled 
workman or boy so to set them by the small nut 
that tho required effect may bo produced. The 
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action cl the steam ball is certain, no matter 
how long the pump may have b^n standing, it 
will start as soon as dry steam is admitt^. 
These pumps are largely used by contractors for 
clearing water from excavations and caissons. 

Other pumps, such 
as Bailey's Aqua- 
Thruster, are made 
upon the same prin- 
ciple. Their great 
advantages are sim- 
plicity and porta- 
bility ; they can he 
appUod wherever a 
steam pipe can be 
led, and can bo 
readily lowered as 
the water level is 
reduced. 

Rock Cutting. 

When an excava- 
tion or tunnel has to 
bo carried through 
solid rock« holes are 
drilled by steam or 
pneumatic drills or 
jumpers, such as 11, 
which is made by 
the Wood Drill 
Works, U.S.A. Blasting cartridges are inserted 
to break away the material in positions suited to 
the quantity to be removed and the space which 
has to bo cleared. 

A general knowledge of surface geology is of 
much use to a contractor in 
estimating the difficulties ho is 
likely to encounter, but most 
contractors depend upon their 
practical experience rather 
than upon any book knowledge 
which may be available. 

An important matter in 
carrying out engineering work 
is to utilise the material found 
on the spot. Such, for instance, 
as using flints, balUi^t, or small 
broken stones for the aggregate 
of concrete ; burning the chalk 
or limestone for producing 
lime ; using the rough stone for 
rubble walling, and the better 
class of stone for block masonry, 
and so on. 

Dredging Machinery. 

When the material to be re- 
moved is under water, suction 
dredgers [as B, made by J. H. 

Wilson & Co., of Liverpool] 
may be used if it is soft mud, 
sand or silt, and the material 
may be delivered by pipes to a 
considerable distance over tile 
hanks on either side. One 
form of dredger found very useful ij keeping 
docks clear of mud consists of an air comprq^or, 
placed on board a tug, to blow air through a 
trailing pipe and stir up the mud at the bottopi, 
80 that it 'wUl float out with the tide. Bucket 
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dredgers [as Lobnitz Co., of Rentrew] 
are used when the material is more solid ; and 
when it consists of rook,^ the rook may be broken 
up by dropping a heavy piece of metal, shod 
with hardened steel points, on the Lobnitz 
system. 

In the Thames, 
steam tugs some- 
times have a giant 
rake dropped from 
the stern, which 
they drag through 
the mud that accu- 
mulates in front of 
jetties where ships 
are berthed, so that 
it may be carried 
away by the tide. 

This is very cheap, 
but not so effective 
as the pneumatic 
dredger described 
above. 

Diving Bells 
and Dresses. 

For laying masonry 
blocks under water 
diving biills were 
formerly in use, but 
these have now practically disappeared, as diving 
dresses permit of so much more freedom of action. 
The diver dresses in flannel for warmth, and then 
puts on the waterproof dress, in one piece from 
the feet upward. licaden soles to the feet keej) 
him vertical when in the water, 
and leaden weights suspended 
by cords are ^cod over his 
shoulders, to hang back and 
front, as sinkers, to overcome 
the buoyancy of the inflated 
dress. The hands remain un- 
covered, and indiarubber wrist- 
bands prevent the iidmission 
of water there. The opening at 
the neck is surmounted by a 
helmet, screwed on, having 
thick glass vdndows through 
which to sec. An air pipe is 
provided from an air oompressor 
to supply fresh air, the expired 
air escaping through valves, 
and a life line is attached to 
his body by which signals may 
be made to the surface. 

In harbour construction, this 
method of reaching the work 
under water is indispensable, 
and it is also necessary in 
clearing obstructions from the 
roller path of dock gates, 
clearing the windbore, or snore 
pipe, or perforated suction end, 
at the foot of a suction pipe in 
a dock, and for other praotical purposes. 

The air compressor used consists of a portable 
pumping apparatus worked by hand, wnioh has 
to be kept in constant motion so long as the 
diver is eiuoased in his dress. 
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Characteristics of Prose. Periods of English Literature and 
Language. Alfred and Chaucer. The Arthurian Legends. 

THE BEGINNING OF ENGLISH PROSE 


•yHE student confronted for the first 
* time with even an elementary work 
on English prose may well ask himself why 
he should study it. What is the use, for 
example, of an anthology of English 
prose ? Is it compiled in order that the 
’reader of it may be enabled to form some 
idea of the origin and development of the 
language at various periods of its history ? 
Yes, and no. . Philological considerations 
alone do not enter into such a work. There 
is as 'much fa.scination attached to the 
study of the growth of a language as in the 
pageant of history. But this is not all. 

“ It is,” as Profe.ssor Churton Collins 
says, “ the privilege of Art and Letters to 
bring us into contact with the aristocrats 
of our race. It is the misfortune of phi- 
lology that, in its lower walks at least, it 
necesjsitates familiarity with a class of 
writers who probably rank lowest in the 
scale of human intelligence.” We study 
classic prose, in short, not only for the 
light it sheds upon the time in which it 
was written ; not merely because of its 
intrinsic value as a means of knowledge, 
but also because of its style. And for yet 
another reason — which some would place 
above all the rest — because behind the 
style is a living man. Herein, for the 
true student of literature, is the secret 
charm of our standard literature, and 
especially of our standard prose. We 
know, sooner or later, that the noble 
eloquence, the rhythm, the colour^ the 
tone, the deft management of the period, 
are all modelled by the great masters of 
English prose upon the works of the great 
hien who wrote in Greece and Rome when 
the world was young. But is that a cause 
for the withholding of our tribute of 
grateful admiration ? Surely what is 
allowed to the plastic artist, the painter, 
the sculptor, the architect, cannot be 
denied the artist in words. 

When we approach a work of living 
prose we may be certain that behind it is a 
great man, and something more, some- 
thing of the character of the best of that 
man’s contemporaries, of the spirit of the 
age in which he lived. It has been well said 


that genius is the same in all ages, and 
that writers in the rudest times, as well as 
those in a more polished and enlightened 
era, have reached those limits beyond 
which the faculties of the human mind 
seem unable to penetrate. 

Verse has been, certainly in English, far 
ahead of prose in the matter of settled 
law. Hence, as Sir Henry Craik has aptly 
indicated, we can imitate the rhythm ^ 
Spenser without seeming old-fashioned. 
No cadence in modern verse is more pure, 
more perfect, than that of Shakespeare’s 
sonnets and lyrics ; scarcely any later 
blank verse approaches the supreme art of 
Milton. But the prose of the masters and 
makers of it is even more personal. 

As Newman has well expressed it, “ while 
the many use language as they find it, the 
man of genius uses it indeed, but subjects 
it withal to his own purposes, and moulds 
it according to his own peculiarities. The 
throng and succession of ideas, thoughts, 
feelings, imaginations, aspirations, which 
pass within him ; the abstractions, the 
juxtapositions, the comparisons, the dis- 
criminations, the conceptions, which are 
so original in him ; his views of external 
things, his judgments upon life, manners, 
and history ; the exercises of liis wit, of 
his humour, of his depth, of liis sagacity-- • 
all these innumerable and incessant 
creations, the very pulsation and throb- 
bing of his intellect, docs he image forth. 

To all does he give utterance in a corre- 
sponding language which is as multiform 
as this inward mentJil action itself and 
analogous to it, the faithful expression of 
his intense personality, attending on his 
own inward world of thought as its very 
shadow ; so that we might as well say that 
one man’s shadow is another’s as that the 
style of a really gifted mind can belong to 
any but himself. It follows him about as 
a shadow. His thought and feeling are 
personal, and so his language is personal.” 

We can only indicate where the student 
must look f OF the leading examples of Eng- 
lish prose, and point out, as briefly as may 
be, the chief stages of our prose develop- 
menf. We shall not attempt a disquisition 


ENGLISH LITERATURE, FOREIGN CLASSICS, AND JOURNALISM 

ISll 



MOVfi •^iirlUUtUM 

on Anglo*Saxon literature. That is a very 
special branch of leamins, in which there are few 
experts. In dealing with English prose, as in 
treating of English poet^, our object is to keep 
in view the needs of that larae class of the com- 
munity who should look to literature primarily 
as a means of education and the source of a 
pleasure which is not to be confounded with 
mere amusement. 

Early Writers of Prose. The chief 
characteristic of Anglo-Saxon prose reflects what 
is a chief characteristic of the English character : 
practicality. The language was direct and simple. 
Another point to be borne in mind is that right up 
to and including the sixteenth century, our prose- 
writers, beginning with B.spa (b. 673; d. 735), 
^were in the main translators. Their works were 
for the most part educational, religious, and 
historical (as is the “Anglo-Saxon Chronicle”) 
in character. Alfred ihe Great (b. 849; 
d. 901) was a translator himself and the cause 
of translation .in others. 


The English that Alfred Wrote. 

Alfred sought to give his people peace, and he 
laboured manfully to effect their intellectual 
improvement. He diesired that at least every 
free-born youth who possessed the means 
should “ abide at his book till ho could well 
understand English writing.” Hp sought to 
spread wide the learning which was then the 
monopoly of the clergy. Ballads and poems 
England already possessed. Prose she had 
none. He aimed at the rendering of all useful 
books “ into the language which we all under- 
stand.” This language has been dosoribed as 
one of the finest and purest forms of Teutonic 
speech. Into it Alfred translated, or, rather 
paraphrased, in an epitomised form, the 
“universal history” of Orosius, a Spanish 
author of the fifth century ; the “ Historia 
Eoclesiastica ” of the Northumbrian monk 
Bmda ; the “ Pastoral Rule ” of Pope Gregory ; 
and the “De consolatione philosophids” (“On 
the consolation afforded by philosonhy”) of 
Boethius, a Roman philosopher ana martyr 
of the sikth century. Anglo-Saxon was distinct 
from modern English in the character of 
its lettering as well as in other ways, but some 
idea of “ we English that Alfred wrote ” may 
bo gleaned from the following example, which is 
given with modernised lettering, from the 
“ De consolatione ” : 


“Hit gelamp gio, thsetto an hearpere wsss 
on thsere theode the Thraoia hatte. Thses nama 
W 89 S Orpheus. He hseflde an swithe senlic wif ; 
sio wses haten Eurydice.” 

Mr. Cardale thus renders this passage : 

“It happened formerly that there was a 
harper in we country called Thrace. His name 
was Orpheus. He had an CiXQell^nt wife called 
Eurydice.” 

The work from which these Hnes are quoted 
was also translated by Chaucer, tts \)ieme 
is the mutability of all earthly things save 
virtue ; it belongs to that rare oraer of immortal 
works thht have been written in prison. * 


The English of Chaucer. The de- 
velopment of Anglo-Saxon was brought to 
an end by the Danish and Norman conquests. 
Some authorities object entirely to the term 
Anglo-Saxon as descriptive of the language and 
literature of Englind before the Norman 
conquest and for a century after that epochal 
event, preferrlngto classify the period as Oldest 
English, or Old English ; but we may follow the 
conventional classincation, which makes Early 
English succeed Anglo-Saxon and cover the years 
1150-1350, as during the first of these two 
centuries the inflections were broken up, and in 
the second the language was extended by the < 
introduction of numerous French words [see 
Literature, page 331]. Middle English, of which 
Chaucer was the great literary artificer, flourished 
from 1350 to 1550, and since the latter date our 
language and literature are classed as Modern 
English [see page 336 J. As was the case with 
the Anglo-Saxon and Early English writers, their 
successors of the fourteenth century concerned 
themselves chiefly with the work of translation. 
We have already learned that several of Chaucer’s 
works are of this nature — two of the famous 
“ Canterbury Tales ” : “ The Tale of Melibeus,” 
borrowed from the French of Albertano of 
Brescia, and “The Persones (Parson’s) Tale,” 
a sermon derived from Frere Lorens ; the 
unfinished “ Treatise on the Astrolabe and his 
“ Boethius.” Lot us look at a few passages 
from the last named. It will serve to indicate 
how the language had grown since the time of 
Alfred the Great. 

“ At the laste the lord and jugo of sowles was 
moeved to miserioordes [mercy] and cryde, ‘ we 
ben overcomen,’ quod he ; ‘ give we to Orpheus 
his wyf to boro him companyo ; he hath wel 
y-bought by his song and his ditee ; but we wol 
putto a lawe in this, and covenaunt in the yifte : 
that is to seyn^ that, til he be out of helle, yif 
he loke behinde him, that his wyf shal comen 
ayein unto us.’ ” 

Resistance pf English to Norman- 
French. Though the Norman conquest intro- 
duced Norman-Irench as the language of the 
court and the cultured classes, while Latin re- 
mained the language of the clergy and that in 
which many learned works were written, the 
native dialects merged into one another, andulti-k 
mately into the Mdland tongue. That the 
Frencn influence was by no means a negligible 
quantity is evident, if we examine the work of 
Chaucer alone ; but the native English as suc- 
cessfully resisted the Norman-French invasion as 
our native drama in the sixteenth century rose 
superior to the dictates of the “ University 
scribes,” who sought t(Mhackle it .with the dead 
weight of classical tradition. Following upon the 
death of Chaucer, howevw, the French wars and 
the Wars of the Roses once more set back the clock 
of English literary activity, and there is but little 
of interest to chronicle, save introduction 
of the printing press by WuxxtM Caxion (b. 
1422? ; d. 1491), till we reach the age of the 
Tudors, whence may be dated the begmning of 
Modem English. 
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The Arthurian Legends, One ex- 
ample of the manner in which the English 
appropriated French literature is to be found in 
the anonymous translation of *'Th6 Voyage and 
Travels of Sir John Maundeville of Jehan de 
Bourgogne, a work whioji is still read on account 
of its naive descriptions of the marvellous. But 
esp^^cially interesting is it to ponder the influence 
of the romantic legends of the Norman poets 
known as the Trouveres. These deal with 
Alexander the Great, King Arthur and the 
Knights of the Bound Table, Charlemagne, 
and the Crusaders. The origin of the Arthurian 
legends is Celtic— partly Welsh and partly 
Breton. “ La Mort d’ Arthurs of Sir Thomas 
Malory (fl. 1470) so delighted the heart of Sir 
Walter Scott that ho described it as being 
indisputably the best prose romance of which the 
English language can boast. Many modern 
writers, Tennyson among them, arc the eternal 
debtors of Malory, whose work, as printed with all 
t he affection of a great and sy mpathe tic craftsman 
by William Caxion, played no small part in the 
making of Elizabethan prose. For his black- 
letter folio of this work, of which only two 
copies are known to exist, though a number of 
reprints are obtainable, Caxton wrote a preface, 
in which he said, in language that indicates the 
rapidity of the change from Chaucer’s : 

Specimen of Caxton*s Proae. ** 1 
have after the symple connyng that God 
hath sente to me, under the favour and correc- 
tyon of al noble lordes and gentylmcn, enprysed 
to enprynte a book of the noble hystoryes of the 
said kynge Arthur, andofeertcyn of his knyghtes, 
after a copye unto me delyvered, whycho copye 
syr Thomas Malorye dyd take oute of certeyn 
bookes of Prensshe and reduced it into Englysshe. 
And I, aocordyng to my copye, have doon 
sotte it in enprynte, to the entente that noblemen 
may see and lame the noble acts of chy valrye, 
the jentyl and vertuous dedes, that somme 
knyghtes used in tho dayes, by whyche they 
came to honour, and how they that were vycious 
were punysshed, and often put to shame and 
rebuke, humbly bysocliying al noble lordes 
and ladycs, wyth al other estates, what 
estate or degree they been of, that shal see and 
rede in this sayd book and werke, that they 
take the good and honest aotes in their remem- 
brance, and to folowe the same.'* 

Malory's '* La Mort d'Arthure." 
A favourite passage is Malory’s account of 
the passing of Arthur. How English it is, 
apart from the spelling, may be seen from the 
following modernised extract: 

“ And when they were at the water-side, even 
fast by the bank hoved a little barge with many 
fair ladies in it, and among them all was a 
Queen, and they all had black hoods, and they 
all wept and shrieked when they saw King 
Arthur. * Now put me into the barge,* said the 
king ; and so they did softly. And there 
received him three Queens, and in one of their 
taps Kin^ Arthur laid his head, and then that 
Queen siud, * Ah, dear brother I why have ye 
tarried so long from me ? Alas, this wound on 
jour head halh caught ovenuuoh cold.’ • • • • 


Then Sir BSdivere cried, ‘ Ah, my lord Arthur 
what shall become of me now ye go from me, 
and leave me here alone among mine enemies ? * 
‘Comfort thyself,* said the King, ‘and do as 
well as thou mayst ; for in me is no trust to 
trust in. For J will go into tho Vale of Avillon, 
to heal me of my grievous wound. And if thou 
hear never more of me, pray for my soul.’ ** 

Froissart. Malory’s monumental work, 
following that of Chaucer and Gower, gave to 
English literature something of the glamour of 
chivalry and romance ; and this boneBcent 
influence was followed in its turn by the irt^nsla- 
tion of Froissart’s “ Chronicles ” by Lord 
Berxers (or Bourchier) (b. 1467 ; a. 1533). 
Jean Froissart, like one of his own heroes, set 
out on his travels in quest of adventure. He 
visited England twice, in tho reign of Ed\iMfd 
TIL and Richard II. ; he was the guest of 
David Bruce in Scotland, he journeyed in 
Aquitaine with tho Black Prince, and was in 
Italy, possibly with Chaucer and Petrarch. Ten 
years before his death he settled in Flanders. 
His “Chronicles,” drawn from his travels and 
experiences, arc among the most delightful 
things in European literature. Those who cannot 
read them in French, and are not in love with tho 
spelling of Lord Berners’ translation, should have 
recourse to the Globe edition, which gives a 
modernised version by Mr. G. C. Macaulay. 

The Paaton Letters. The student of 
fifteenth century England should not omit to 
\my some attention to the “ Paston Letters ” 
(1422- 1506), These documents, which are about 
1,000 in number and were not printed tjll the 
second half of the eighteenth century, were 
written during the reigns of Henry V., Edward 
IV., Richard III., and Henry VTI., by meralxjrs 
of an East Anglian family. They throw a flood • 
of light on the social customs of fifteenth century 
England ; and they servo to indicate that the 
civil strife which then divided families did not 
altogether crush out either the desire for, or the 
means of, learning. 

The Author of •• Utopia.” Sir Thomas 
More (b. 1480 ; d. 1535) was a man whose 
thoughts were far in advance of his time. 
His theories were essentially those of a humane 
man and a philosopher ; his practice, as 
Chancellor of Henry VIII., was curiously at 
variance with his avowed sympathies. He was 
beheaded for refusing to acknowledge anjy^ other 
head of the Church than the Pope. His best 
known work, the “ Utopia,” a political satire, 
was written in Latin, and translated into 
English by Ralph Robynson thirty-five years 
latcjr. It deals ^th tho social defects of English 
life, and pictures an imaginary island where 
communism is the rule, education common to 
the sexes, and religious toleration general 
’fhe title is derived from two Greek words 
meaning “ Nowheie.” More also wrote a num- 
ber of works in English, of which the most 
notable is his “ Historic of Edward the Fifth 
and Rivard the Third.” This is the first 
hisfbry in the language with any pretension to 
a literary character. 

• J. A. HAMMERTON 
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GROUP 10-ClVIL SERVICE A THE PROFESSIONS * HOW TO ENTER THEM-CHAPTER 12 

Officers In Public Libraries, Washhouses, Parks, and Gardens. 

Lighthouse Keepers. Tramway Employees. Hall Keepers. Boys. 

LIBRARIANS & EXECUTIVE OFFICERS 


I N addition to Poor Law appointments, which 
are reserved f6r special consideration, there 
remain several of the Municipal Service depart- 
ments that may conveniently be included within 
the scope of a single article. Of these the most 
not4]kble are the public libraries, parks and 
gardens, the municipal tramways, and the light- 
house service of Trinity House. 

Public Libraries. There are approxi- 
mately 650 public libraries in the British Isles, 
enmloying as many librarians, and some 3000 assis- 
tam%, of whom 1000 are women. Tlic most diverse 
views prevail among borough councils as to the 
remuneration of library officials. Fairly valuable 
appointments are sometimes made in this service ; 
but, on the whole, it cannot be said to be liberally 
rewarded. A municipal librarian who is perhaps 
the most eminent member of the service ex- 
presses his opinion on this question with the 
utmost force. “ I should think there is no 
doubt whatever,” he writes, “ that, as a class, 
librarians are not adequately remunerated. It 
is indeed a simple truthr to say that librarians, 
as a body, are among the worst remuneratc'd 
officials in the service of municipalities. This is 
duo very largely to the limitation of the library 
rate.” On the one hand, the Guildhall librarian 
receives £600 a year, the chief librarian of 
Manchester £650, and his colleague at St. Pancras 
£360, rising to £600. On the other hand, £80 a 
year has been offered for an “ experienced and 
qiialitied ” librarian ; and in another instance 
applications were invited from trained officials 
between 28 and 45 years of age for a head jiosition 
at £100 a year, without residence. 

Such instances are not altogether exce])tional. 
The explanation is twofold : a local authority 
cannot pay adequate salaries out of an income 
which is limited by the Libraries Act to a penny 
rate ; and, in the subordinate grades at least, 
the libraries service calls for few special qualifica- 
tions. Fair abilities and education, a gentle- 
manly address, and some previous experience — 
these comprise the usual requirements for minor 
positions; and the competition among young 
men thus equipped is so great that salaries 
rule low. In recent years, however, organised 
and partly successful efforts have been mtule to 
raise the status and improve the position of 
municipal librarians generally. 

Salaries in the Various Grades. 
The service is chiefly recruited by youths 
entering either as evening assistants at a few 
shillings weekly, or, more generally, on a full- 
time footing as junior assistants ^t £25 or £30 a 
year, rising to perhaps double their initial salary. 
Most local authorities now require candidates 
either to pass a preliminary examinatiefh, or^to 
hold such a certificate as the Oxford or Cam- 


bridge Senior Local. On promotion to senior 
grades the earnings of assistants, starting at £70 
or £80 a year, will reach £100, £120, or £160, the 
last figure being seldom exceeded for auxiliary 
posts. The next step — either a branch librarian- 
ship or a small independent command — may 
mean but a slight advance in salary, the average 
range for such an appointment being from £120 
to £180 a year, with or without rooms. Its 
importance to the young official lies in the 
chance thus afforded him of proving his judgment, 
organising skill, and general fitness for the respon- 
sibility of a principal position. 

Lcf^ing appointments, as already indicated, 
arc very variously repaid. In the borough of 
Wandsworth, possessing six important public 
libraries, one librarian receives £350 a year, 
with residence, light, and fire ; and three 
other officers in charge, £250, £2.‘K), and £150 
respectively, with similar emoluments. Lambeth 
pays its chief librarian £260, with residence. 
These figures represent, probably, the average 
value of such posts, though salaries of £4.50 and 
upward are paid to chief librarians in some 
large towns. 

Ladies as Librarians. The libraries 
service affords a field of fairly well-paid employ- 
ment for women, many of whom are engaged 
by local authorities in subordinate positions 
and as branch librarians. Few women hold chief 
positions. The rate of remuneration for lady 
librarians is generally less than for their mascu- 
line colleagues, junior assistants receiving from 
£20 to £40 yearly, and seniors £50 to £80 or 
£100. Manchester has placed four of its branch 
libraries in charge of ladies, with salaries ranging 
from £80 to £120 a year ; and in the libraries of 
several London boroughs a small female staff is 
employed at similar rates. 

The Training of Librarians. A promi- 
nent municipal librarian has kindly communi- 
cated the following valuable summary of the 
methods of training available to assistants who 
desire to improve their standing. ” The training 
for librarianship is given in the individual library, 
but is systemised by the Library Association, of 
Caxton Hall, Westminster, S.W. This is an 
incorporated body devoted to the propagation of 
libraries, the perfecting of their methods of 
administration, and also to the training and 
examination of librarians. Under the auspices 
of this association, lectmes are given at the 
London School of Economics, and in various 
provincial centres, such as Birmingham, Man- 
chester, Liverpool, and elsewhere. The syllabus 
of the association consists of the six suojeots : 
literary history, bibliography, classification, 
cataloguing, library history and organisation, 
and library routine, for each of which professional 
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certifioateB 6an be * obtained. The complete 
diplom, carryinff fellowship of the Libraiy 
Association (F.L.A.), is issura when the candi* 
date has all six certifioates and gives evidence of 
certain other qualifications. Fbw men as yet 
have the full diploma ; but the professional 
certificates are held by hundreds of students, and 
are required of candidates by library authorities, 
as a rule, for all senior appointments.’* 

The Library Asaiatants* Aaaociation. 

This body, which is not to be confounded with 
the last, is formed exclusively of persons pro- 
fessionally employed in libraries, its object being 
to promote their (Vocational and general interests. 
It has done much useful work in drawing public 
attention to the needs of assistant librarians and 
in improving their professional status. The 
honorary secretaiy is Mr. W. C. Berwick Sayers, 
Central Library, Town Hall, Croydon. 

Baths and Washhouses. During recent 
years, many local authorities have realised the 
urgent need for promoting cleanliness— both 
personal and domestic — in their districts. One 
result of this aw'akoning is manifest in the numer- 
ous and well-appointed public baths and wash- 
houses owned by municipal bodies in every part 
of the country. 'I'hcso buildings — some of wnicdi 
contain elaborate and cosily apparatus for 
vapour, electric, and medical baths — are gener- 
ally placed in charge of a superintendent, with 
or without the aid of a matron. 

The position of baths superintendent is a 
responsible one, requiring a sound practical 
knowledge of hydraulic and heating apparatus, 
as well as good organising powers. A* typical 
advertisement of such a vacancy stated that 

Candidates must be thoroughly comx)etent to 
take charge of the building and machinery, and 
those whose qualifications include a knowledge 
of engineering will receive special consideration.” 
In this, as in many other instanccH, it was 
stipulated that applicants must bo not more 
than forty years of age. The value of those 
posts may be best shown by a few examples. In 
addition to residence, light, and fuel, the super- 
intendent of baths for Manchester receiWBS £350 
a year; at Westminster, £260 (advancing to 
£300) ; and at Battersea, £200. The superin- 
tendent and matron of the Wandsworth baths 
are paid a joint salary of £200, with the usual 
allowances. Corporations owning several public 
baths often place an expert masmur and bath 
attendant in ohaige of each as manager, under 
the general control of the superintendent, at a 
stipend of £120 or £150 a year. For attendants 
*and shampooers, the customary rate of pay in 
municipal baths is 30s. to 40s. a week. 

ParKs and Gardens. The foremost muni- 
cipal owner of open spaces is probably the 
L^don County Council. That authority can 
boast of 108 pleasure grounds, covering 4960 
acres, for the care of which a permanent staff of 
900 men is empbyed. Efficiency is encouraged 
in the L.C.C. service by filling all the higher 
posts by promotion. Applicants are admitted 
either as gardeners at 28 b. a week, or as labourers 
or imd0r.*k!peper8 at 27s. From their ranks 


seiootions afb made for the respective superior 
grades of propagators, foremen, and head- 
keepers, and so up to the highest position attain- 
able — that of park superintendent, at a maxi- 
mum salary of £225 a year, with a house, gas, and 
water free. Candidates, who must l)e between 
25 and 40 years of age, may obtain application 
forms and further particulars from the Parks 
Department, 11, Regent Street, Ix>ndon, S.W. 
For gardeners, the Royal Horticultural Society’s 
certificate in practical horticulture is a very 
useful nHJonirnendation. 

Save that in provincial arciis the average of 
salaries is somewhat lower than in London, this 
example will serve to illustrate* the general con- 
ditions of service in municipal gardens and 
cemeteries throughout the country. 

It may be mentioned, however, that the past 
of general superintendent of parks (worth in 
the larger boroughs from £250 to £460 a year) 
is usually to be roiiched by dirct^t promotion, 
which is not the case in London ; and that a 
clerical registrar is appointed to each cemetery, 
at a salary averaging £250 a year. 

The Coastwise Lights. The lighthouse 
service of England and Wales is under the 
jurisdiction of that quaint and ancient “ Corpora- 
tion of the Trinity House at Deptford Strond,” 
which now has its headquarters on Tower Hill. 
The Trinity House is a foundation of unknown 
antiquity, that was already a fiourishing insti- 
tution when the eighth Harry granted it, in 1514, 
its earliest Royal charter. In addition to con- 
trolling the lighthouses and lightships of the 
coast, the Corporation is entrusted with the 
managim'int of the general buoyage system, 
and the removal of dangerous wrecks around our 
shore. For the execution of these duties, a large 
staff of men is employed in the lighthouses, 
lightships, and stoiim- vessels 6f the Corporation. 
The strength of each branch is approximately 
as follows ; Lighthouse keepers, 200 to 250 ; 
light- vessels staff, 650; and steam- vessels, 180 
men, excluding officers. The conditions of 
entry into this service, and the raU‘S of pay 
obtaining in it, are as under. 

Lighthouse Keepers. Candidates must 
be l)etween the ages of 19 and 28, and un- 
married. They arc required to produce certiti- 
cates of birth, health, character, and education — 
the last requirement comprising reading, writing 
from dictation, and a fair knowledge of arith- 
metic. In the selection of men for employment, 
preference is given to artisans and sai 101 * 8 . 
On entering . the service they are classed as 
supernumeraries, are supplied with uniform, 
and are paid 2s. Cd. a day. When qualified for 
aptK)intment to a lighthouse as assistant keepers 
they receive 3s. a day, with dwellings, coal, and 
light (or a money allowance in lieu thereof), and 
are entitled to metfical attendance at a nominal 
charge. Their daily pay increases by gradual 
increments to 48. 6d., the maKiinum pay of a 
prinfipal*keeper. By a wise provision the life 
of every keeper is insured by the Trinity House 
for the benefit of those who may bo dependent 
0& him. For this purpose the Corporation paya 
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a fixed annual premium of £3, the 'Value of the 
pplicy depending on the officer’s age on entering. 

For the light-vessel and steam- vessel branches, 
applicants must be seamen under the age of 32, 
and must provide ocrtidcates of birth, character, 
and sea service in the A.B. class. A member of 
the crew of a lightship receives 4s. 4d. a day 
on entry, rising through various grades to 6s. 4d., 
the maximum pay of a master. On the steam- 
vessels the rate of pay for seamen is 4s. 7d. 
day, and that of other ratings lies between 
4s. 7d. and 5s. lid., the maximum wage of car- 
penters.' Officers in the steam-vessel branch are 
appointed from those who have been apprenticed 
to the service as youths. Vacancies for such 
apprentices are not frequent. In either branch 
the seaman’s uniform is furnished free, but 
e*w.**y man has to provide his own food. After 
three years’ service each man is insured. 

Men in the lightship service are adoat for two 
months at a spell, and are then allowed a month 
ashore. During the shore turn, however, they 
must report themselves for duty at the district 
depot, and are occasionally required to form 
j)art of the crew of the district steamer, in which 
case they receive extra ])ay. Masters and mates 
of light-Vessels spend alternate months afloat 
and ashore. Officers of the Trinity House arc 
granted pensions at the usual ('ivil Service rates. 

The Tramways Service. There are 
some 82 municipal electric tramways in Great 
Britain, conveying every year more than 
2,300,000,000 passengers. Em})loyment is thus 
afforded to a huge industrial army, on terms 
which are generally more liberal-- in respect 
alike of higher wages and shorter hours — than 
those exacted by private companies. The Tram- 
ways Department of the London (’ounty (’ouncil 
numbers 10,000 workers, from general manager 
to car washer. Apart from administrative 
officers, its employees are remunerated at the 
following typical rates : Motormen and con- 
ductors, 5s. a day on entry ; after six months, 
and on passing the first-grade examination, 
58. 3d. ; Ss. 9d. after a further six months ; and 
at the end of another half-year, 6s. 3d. a day. 
This is the maximum for conductors ; but 
motormen proceed to fls. 6d. a day on passing a 
further examination. An overcoat, uniform coat, 
and two caps are allowed yearly. Foremen earn 
£2 to £3 10s. a week ; regulators, £2 2s. to £2 4s.; 
electrical mechanics, £1 lls. 6d. to £2 Os. 6d. 
There are also a number of car- washers and 
track-clcancrs, earning between £l and £l lOs. 
a week ; as well as carmen, permanent-way men, 
and labourers, at standard rates of pay. 

Vacancies in the municipal yards are usually 
filled by the Chief Officer of Tramways. In the 
case of the L.C.O., applications for employment 
should be addressed to that official at 303, 
Camberwell Now-road, S.E. • 

Hall-Keepers. The London County Coun- 
cil pays its hall-keeper and his wife a joint 
salary of £280 a year, and its assistant , hall- 
keeper £163; but these rates are unusually 
high. According to the nature of the duties 
exacted, the remuneration of the town-hall 
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keeper generally varies between 30s. a week 
and double that sum — always with residence, 
coals, light, and uniform. Yet, modest as it is 
in position and in official rewards, a vacancy 
of this class is eagerly contested, for a hall- 
keeper’s extra earnings often equal his salary, 
and are sometimes far in excess of it. 

Beyond fixing an upper age-limit of 45 or 50, 
and stipulating sometimes for the absence of 
“ encumbrances,” the qualifications of hall- 
kec'pers are rarely prescribed. Those which 
commend themselves most to the appointing 
authorities are good organising powers, smart- 
ness and method, previous experience, regularity 
of habits, and some education. 

School-keepers are paid from £1 to £3 a week, 
according to the size of the buildings under their 
charge. Ex-soldiers and men who have served 
in the Navy are often selected for this work. 

Messengers, Caretakers, and Others. 
Municipal messengers, caretakers, and porters, 
as they differ in no wise from their colleagues 
outside the jmblic service, need occupy but very 
few w'ords. They are generally appointed from 
“ waiting lists ” kept by the council’s clerk. 
Applicants possessing such modest qualifications 
as these posts require should, thenffore, secure 
tht^ addition of their names to the queue of 
“ suitable persons.” This list, however, is 
usually a long one, for the public service, like 
all others, is most crowded at the foot. 

Boys Under the L.C.C. “Blind alley” 
occupations for the young, affording no training 
for adult employment, constitute an evil which 
that model employer, the London County 
CouiKul, has made strenuous efforts to avoid. 
The Council employs a numbe?r of lads who 
cannot be retained at their posts after the age 
of 18, but every inducement is given them to 
qualify meantime for permanent W'ork on its 
adult staff. Free educational and, technical 
classes and trade schools are provided, and 
every boy employee is required to attend them 
regularly, and is allowed six hours’ fre(5 time 
weekly for the purpose. Boys who do creditably 
in their employment and at the classes are 
recommended by their superiors for the Council’s 
“ Register of lads suitable for adult employ- 
ment ” ; and whenever a permanent post be- 
comes vacant, the names in this register are 
specially considered. 

These vacancies are of various grades. Apart 
from mechanics and artisans of all kinds, there 
is a large staff of messengers and attendants at 
rates varying between 18s. and £2 a week. But 
lads who have profited by their instruction have 
higher possibilities elsewhere. The Council’s 
tramways department, ^d that of its chief engi- 
neer, have well-paid posts for skilled workers ; 
there arc openings for trained gardeners in the 
arks, for upholsterers and packers in the stores 
ranch, and for men clerks on the general 
establishment. With such opportunities and 
encouragement, the lad who fails to get adult 
employment under the Council by the time he 
is 18 has not utilised his chances. 

ERNEST A. CARR 
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Tbc Advance of Vegetable and Animal Life Compared. The 
Consciousness that Makes for True Progress in Animal Life. 

THE ONWARD MARCH OF LIFE 


C ONSiDEBiNQ simply tho visible facts before us, 
we completed in the last chapter our first 
survey of the living world, wdth its manifest divi- 
sion into two l^:]lgdoms, animal and vegc^table, and 
the not unparaael series and stages, from lower to 
higher, which each exhibits, culminating, hitherto, 
in tho noblest trees at the head of the fiowering 
plants, or phanerogams, and in man, “ the para- 

? on of anhnals,*' at the head of the mammalia, 
t is a varied yet not disorderly spectacle, this 
bird's-eye view of the living world ; we see a 
suggestion of a plan, or what looks like a plan. 
Yet more; it is a grand spectacle, in its scale of 
magnitude and its scale of time, but above all in 
what has been achieved. 

The New Ideaa and the Old. We are 
contemplating the stages and the accomplish- 
ments of a process. We are looking at history. 
In the living world the past is present before our 
eyes, and tho present is pregnant with the future. 

These ideas may or may not seem self-evi- 
dent to the reader, but they are entirely ideas 
peculiar to our own day. A century ago, a mere 
three generations, when the world was just as 
wise in most things as today, when Goethe was 
thinking, and Kant was but lately dead, such 
ideas as those of tho last paragraph were all but 
unheard of, and, if heard of, were received as 
outrageous, scandalous, blasphemous. We, to- 
day, are “ thinking in evolution ; ” we breathe 
ideas of evolution in the atmosphere of our 
time, and they seem inevitable, as verily they are 
to the awakened mind. 

SeeKing an Explanation of Life. 

Our task now is to attempt a deeper survey 
than our first, which was only superficial, 
in the proper sense, dealing only with visible 
forms and material sequences. P'or if those 
forms, in their likeness and unlikeness^ their 
long and unfailing succession, are a process, the 
real heart of our problem is to define that process. 
If these various forms are merely the outward 
and visible signs of an inward and invisible 
process, the true science of life must see through 
and beyond the signs to that which they signify. 

When the older ideas had not yet been 
proved to be false, an explanation of the real 
meaning and origin of living things was required, 
and the answer was that they had been specially 
created by God in the forms in which we now 
find them. But now that science has infinitely 
enlarged our ideas of Deity, and has demon- 
strate the fact of evolution, we must find a new 
meaning in the phenomena before us. 

What Makes Things Change ? What 
is going on ? What gives origin to the new things 
that appear in the history of life — bones, in- 
telligence, leaves, wings, love, “ Hamlet,'* 


London, the Society for tha Prevention of 
Cruelty to Animals, and so on and so on, literally 
ad infinitum ? Some will answer evolution, as 
if that were an explanation. It is nothing of the 
sort. Tho wisest men in the nineteenth century 
knew it was not. Lord Morley, long decades ago, 
pointed out that evolution was a law and not a 
cause — a mode in which action occurred, but 
not a statement of tho origin of that action. 

The rationalists and materialists and anti- 
theologians in the nineteenth century belieuMd 
and asserted that in the word “ evolution ” 
a real explanation of things was contained. 
Herbert S]>oncer, the mighty master whom they 
could not understand, and who introduced the 
word “evolution,” never made this monstrous 
mistake. He devoted his life to proving that 
evolution is the mode, the method, the way of tho 
univerae ; and by evolution ho meant, as wo have 
elsewhere statcnl, universal and ordered dhange — 
nothing more and nothing less. 8i)encer and the 
other pioneers did absolutely demonstrate 
beyond all cavil, and every succt^eding year 
demonstrates afresh, that this ordered changt', or 
evolution, is the fact. But what was not forth- 
coming was the e:>‘planation of w'hat Spencer and 
the rest described. What makes things change, 
what brings new things to tho birth, and how ? 
These are the great questions which remain for 
our century, and perhaps for many to come. 

Progress in Nature Defined. Our sub- 
ject here is T.ifo and Mind, and tho very title im- 
plies a profound ndation between the two. Re- 
membering this proposition, let us look again at 
the animal and vegetable kingdoms, with our 
eyes directed to something deeper than structure 
or external form. We shall see a profound dis- 
tinction, w'hieh has now become even more signifi- 
cant in the light of Professor Bergson’s thought. 
In both animal and vegetable kingdoms we see 
an immense advance in structure. The oak is 
perhaps as far above the alga in structure as 
man is above tho amafba. There has been a 
mechanical or structural evolution in both 
kingdoms. In general speech, there has been 
progress in both kingdoms. But is it wise to use 
the word “ progress ” in this sense ? We believe 
that it is iK>t. Progress, we maintain, siiould 
bo defined as the revelation and imreasing 
dominance of Mind. Whatever may have 
sufficed for tho pioneer evolutionists, who hod 
a hard enough task in demonstrating the fact 
of evolution against superstition and entr^lhched 
prejudice, we toda^must not be content with 
the repetition of their assertions on that easy 
level. We must look deeper, as they would now 
bo doing ii they were still alive. We must dis- 
tingufeh between evolution in general and tho 
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partioular, priceless, divine form or result of 
evolution which we shall call progress. It was 
just because people confounded the two things 
that Herbert Spencer introduced the non-moral, 
strictly neutral term “evolution” —a rolling and 
unfolding — as a substitute for the term “ progress,” 
which, alas I is applicable to only a part of the 
evolutionary process. Degeneration, decadence, 
atrophy, loss of what has been gained— these are 
just as possible and just as frequent in the course 
of evolution as is real progress. Never, never 
must we confound the meaning of the two terms 
or the two ideas. 

Mind Essential to Progress. Now, if 
progress (or ^progressive evolution) bo the revela- 
tion and increasing dominance of mind, look at 
‘4bo animal and vegetable kingdoms, and compare 
them. At once we sec the tremendous fact that 
there is, indeed, no real comparison betw’een 
animals and plants in this respect. The pioneers 
of natural history, in Greece or even farther 
East, saw what we all see and rej^arded vegetable 
life as not really life at all. In so doing they 
unconsciously expressed the idea that Life is 
really Mind. Where they saw something that 
mimicked life, but yet displayed, or seemed to 
display, no mind, they felt compelled to deny 
that this could really be life at all. And today 
we feel, in something deeper than our explicit 
reason, that in some real sense a cabbage is far 
les'j alive than a rabbit. To a sleepy or slow- 
moving companion we say “ Look aUve,” meaning 
that unless there be signs of mind we cannot 
admit his title to life at all. 

Now, the tremendous truth whicli is to bo 
added, in this age when the fact of evolution is 
granted, is that the animal and vegetable 
kingdoms display the most extraordinary 
historical contrast when thus surveyed. Pro- 
gress, as we have here defined it, belongs almost 
exclusively to the animal kingdom, though 
structural evolution has been achieved in and 
by both. The ancient Indian saying is that 
“God sleeps in the vegetable, dreams in the 
animal, wakes in man.” That sublimely ex- 
pressed distinction is a thousand -fold more 
significant today, when we know that vege talkie, 
animal, and man were not created by God as 
they now are, but are the results of an 
evolutionary process. That process must be 
compared to a kind of stream or current, with 
force behind it, which has taken at least two 
directions — really three, as we shall see— and 
it is only along the second of these that we can 
recognise progress, properly defined. 

Vegetable Life Unprogressive. The 
fact is that vegetable life, though real life, does 
not display promss at all, or, if at all, only in 
trivial degree. It has achieved and does achieve 
wonders in the physical ^and chemical sense, 
but it does not constitute the revelation and 
increasing dominance of mind. So to say, 
there is no more intensity of mind^in the oak 
than in the alga. If mind could be moasureS 
quantitatively, as it cannot, we might say that 
there was a greater quantity, a greater ei^ten- 
sion, of it in the oak, because the oak is bigger, 
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But, of course, that means nothing more than 
that where there is more living matter there may 
bo more mind displayed. The oak does not 
reveal mind more than humbler forms of vegetal le 
life, nor can we say that in the oak the mind 
factor is more dominant over the material than 
in the alga. 

It is not hero asserted, nay, it is denied, that 
the vegetable kingdom has no mind in it. Far 
from that. The most recent experiments of 
botanists, such as Sir Francis Darwin in this 
country, to name only one of many, are showing 
that what can only be conceived as mind does 
exhibit itself in the vegetable world. We may 
go further, and even admit that, to some slight 
extent, and in degree which is still disputed, 
the higher plants show certain sensory, which 
arc really psychical, powers, in more varied and 
capable form than their humbler ancestors. It 
may well be so. As Bergson has argued, each 
of the directions along which life has flowed 
may still show us something of the original 
capacity and potentiality of living beings, so 
that, for instance, we may find vegetable 
qualities in ourselves, and even such qualities 
as something like instinct, if not intelligence, 
in plants. Therefore we must not make our 
assertions and distinctions too absolute, for that 
would be to miss one of the most important 
lessons that Bergson has taught us. But, with 
that qualification, and not forgetting the recent 
evidence of something like elementary vision 
in loaves, wo may say that the vegetable world 
does not exhibit true progress. 

Anatomical Comparison of Plant and 
Animal. Looking at the visible or structural 
aspect of living forms, we can ro-stato this 
proposition. We have already seen that the 
essential difference between the onc-cellod and 
the many-celled forms of living creature is not 
that the latter are many-celled, but that they 
are differont-ccllcd. Indeed, we might go so 
far as to say that the number and extent of the 
differences exhibited between the cells com- 
posing any organism furnish a true index to 
its place in the evolutionary scale. Look now 
at the oak and compare it with, say, the dog. 
At once we sec, when the razor or microtome 
and the microscope have boon employed, that 
the oak docs not exhibit anything like such 
cell-differentiation os any high animal with 
which we may fairly compare it, such as the dog. 
Anatomically, all plants, even the highest, are 
simple compared with the higher animals. Of 
course, they show cell-differentiation, and also 
the organising of different kinds of cells, or of 
combinations, of different kinds of cells, into 
tissues and organs. But if we were to catalogue 
the cells in an oak, as could easily be done, and 
then similarly to catalogue the cells in a dog, 
as might, with vast pains and time, be also done, 
we should find that the one fonn of life involved 
not a hundredth part of the cell-differentiation 
which is required in the other. 

But even the question of the numbers of 
kinds of cells does not cover the whole structural 
difference between vegetable and animal We 



rntni proceed to compare the two, and, tidi ^ 
90 to say, in the two catalogues, those which 
corrospoM with each other, performing identical 
or analogous functions, and which thus, as it were, 
cancel each other. At once we find that the 
external protective cells of the bark of the tree, 
for instwce, corrc^ond to the external cells 
of the skin of the animal ; and each may produce 
what are oi^ to be called hairs in both cases, 
though their actual structure and mode of 
formation may be very different. Further, oak 
and dog both exhibit cells for sheer mechanical 
strength, such as the wood-cells of the tree or 
the b^e-cells of the animal, together with the 
not-living products of each. Again, in oak and 
dog wo hud germ-cells, for reproduction, male 
and female. In both we find cells or tissues 
concerned with excretion of ‘waste products, 
cells or tissues concerned with breathing, ceils 
or tissues or glands concerned with chemical 
processes — the laboratories of the living being. 

What the Vegetable Kingdom LacKa. 

In due course we shall totally exhaust the whole 
catalogue of cells and tissues in the tree, having 
found analogous cells or tissues in the animal. 
But much will remain in the catalogue of animal 
cells ; and the all-significant fact, upon which all 
else depends, or which expresses all else, is that 
in the animal body we find a kind of cell which 
has no parallel or analogue at all in any vegetable 
organism whatever, 

Thew, of coarse, are nerve-ceUs. It Ls now 
beyond dispute, though the opposite has been 
maintained in the past, that no plant contains 
any nerve-cells, nor, of course, any nerves, 
which are simply processes or prolongations of 
nerve-cells. The nervous system of the animal 
is its own peculiar property and characteristic. 
Examine the brain of the dog, or, indeed, of 
many humbler creatures, and much more the 
brain of man, and there we find almost incredible 
numbers of cells, to be counted only in millions, 
which are of an immense and hitherto un- 
catalogued variety, though all are nerve-cells, 
and to which the whole vegetable kingdom, 
taken together, past and present, cannot futnish 
one solitary parallel. 

Thus, on the anatomical, structural, material 
side, we have discovered the expression of the 
fact already asserted, that vegetable evolution 
has not involved progress, which is the revelation 
and increasing dominance of mind. The organ 
of the mind is the brain, and there is not, nay, 
there cannot be, such a thing as a vegetable 
brain. In the vegetable kingdom life has pro- 
ceeded, and is proceeding, along what we must 
1^ call a MaUy different route, for that would 
be to forget the fundamental identities of all 
life, but yet a route so different that no words 
eould well over-emphasise the immense contrast 
which the higher forms of animal and vegetable 
life now display. 

Vegetable Ewolution UneTentful. 

Thw the history of vegetable evolution is, re- 
kitivety, tame and uneventful Not for a moment 
mitit we «ay that it is uninteresting, or that it 
is ol no oonseqiienoe. That would be peculiarly 
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foolish today, when palaeobotany, the study of 
extinct forms of life, has made such 

strides, and when the consequences of the past 
vegetable life of the earth, in the form of coal, 
peat, petrol, and so forth, ale assuming ever 
greater and greater practical importance. But 
if it were our duty here, as it is not, to make a 
systematic study of vegetable evolution, 
from the unicellular forms up through mosses 
and ferns to the flowering plants, we should not 
find our journey punctuated by tremendous 
and epoch-making events. There is no moment 
in the whole record at which we have any 
thrill, such as the true biologist must feel when 
ho studies animal evolution, and secs for the 
first time a tiny, easily missed speck of nervous 
matter of which, prophesying after the event, 
he can say, “ Hero is the birth of that whiclT^ 
becomes the cerebrum of man, that by which ho 
weighs the stars, moves mountains, and well- 
nigh commands the winds and the waves, that 
they do obey him.” in other words, as we 
watch the growth of a plant, or as we recount 
the evolution of the vegetable kingdom, we 
do not meet that incomparable, incomprehen- 
sible, sublime spectacle which is the common- 
place of the animal kingdom — the revelation and 
increasing dominance of mind, whether briefly 
in the iniant that becomes a man or woman, 
or at- leonian length in the record from the 
amceba up to the human race. 

Progress Dependent on a Developed 
Nervous System. There is yet another 
way of expressing the same contrast. The 
most evident revelation of mind is cmimousness. 
Compare plant and animal. Is the oak more 
conscious than the alga ? Wo must answer no. 
Wonderful and glorious as has been the structural 
evolution of the vegetable kingdom, more 
consciousness has not been the fruit of it. 
On the otluir hand, the highest animal is the 
most conscious, even sclf-conscious, thinking 
that “ this is I,” and “ looking before and 
after,” in Hamlet’s great phrase. Examine 
the lx>dy and try to name a seat of consciousness. 
Quickly we reject bone and muscle and gland 
and pass to nerve-cells, and literally above all, 
to the nerve-cclls of the cerebrum or great 
brain, of which no plant has any analogue or the 
remotest foreshadowing. The history of progress, 
therefore, in the definition of that much-abused 
terra which we ask the reader to accept, is, on 
the structural side, the history of the invention 
and evolution of tho anhnal nervous system. 

Semi-consciousness, wariness, capacity of 
sensation must be co-extensive with all life. 
The leaf of many a plant is obviously sensitive, 
and can be ansrathetised by chlomforin exactly 
as any human being can. Lot this \te absolutely 
clear. But, while the vegetable kingdom has 
evolved superbly alcfng other lines, it has not 
evolved at all in the formation of structures — 
iwrvc-cells—through which tho consciousness 
liihereat in life fc^oim?s intense. As Bergson 
profoundly says, “The group must not be 
defined by the possession oif certain characters, 
but by its tendency to emphasise them.** 
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Because all life is one, we cannot deHne and 
distinguish plants and animals even, to say 
nothing of smaller divisions, by saying, for 
instance, as has been said for centuries, that 
the animal possesses consciousness and the 
plant does not. Nor can wo any longer say, as 
has been said for decades, that the plant has 
the power of building up cliemioal compounds 
and the animal has not. In these, as in all 
other cases, further inquiry shows that the plant 
has fiomc measure of consciousness and the 
animal has some power of chemical synthesis. 
The dcfinitiori of each group must tlierefore 
depend, as Bergson says, upon its tendency to 
emphasise certain character a, Tn the animal 

kingdom, as we have insisted, the tendency 
is toward increasing wariness, intenser con- 
‘’iiCiiousness, and the development of the highest 
and most mysterious form of matter that 
exists — the living nerve- cell. 

Bergson's View of Evolution. The 

vegetable tendency is didcront. It is chemical. 
Above all, it is the power, so fundamental 
that wo have already discussed it carefully, of 
fixing the carbon in the carbonic acid of the 
air in tho presence of sunlight. Yet again, 
experiment has lately shown that, under certain 
conditions, some animals can do this. Wo must 
not be disconcerted, but enlightened, thanks 
to Beigson. This fact simply shows, again, that 
life is one, and that wo must define by tendencies, 
and not by fixed states. Our very definitions 
of life must themselves bo evolutionary or 
dynamic, instead of static, as in tho past. And 
the facts of vegetable functions in animals, 
and of animal instinct, or even intelligence, 
humbly displayed in vegetables — these and a 
countless host besides, notably the evolution of 
essentially similar reproductive apparatus and 
methods in both kingdoms — prove the great pro- 
position of Bergson, that tho evolution of life has 
not been linear^ but along many divergent lines. 

Until his time wo have constantly thought 
of the humbler animals as evolving from tho 
plants, and of intelligence in the higher animals 
evolving from tho instinct of tho lower ones ; 
life evolving along one single line. But no 
reader of “ Creative Evolution ” can fail to 
realise that this was wrong. There was, so to say, 
one stream of life, which has divided into two 
or three or many streams, each partaking in 
fundamentals of tho nature of all the others, 
yet each distinguished by its direction — by its 
tendetwy to emphasise and exploit certain of 
the original powers of life rather than the others. 
How . much illumination this new conception 
sheds over tho whole problem of organic evolution 
only those who have wrestled with it for decades 
can fully say. 

Routes of Animal Evolution. Animal 
evolution has taken tw& notable directions, 
one along or by instinct to the social insects, 
and one along intelligence to man. The rao^t 
convenient word for the vegetable world vb 
contrast with instinct and intdligencc is torpor. 
As Bei;gson says, The membrane of celli^ose, 
in which the plant protoplasm wraps itself up, 
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not only, prevents it from moving, but screens ^ 
it also, in some measure, from those outer 
stimuli which act on the sensibility of tho 
animal as irritants and prevent it from going to 
sleep.” The plant is, therefore, conipared with 
the animalt unconscious ; but we must . beware 
of being misled by such a use of the term. 
It is only relative. A sleeping child is uncon- 
scious, compared with the same child awake ; 
but it is acutely conscious compared with the 
same child dead. The plant cannot be wakened 
as the child can, but its unconsciousness is not 
therefore absolute. 

Wc must learn to think in terms of tendencies. 
Remembering this principle, and the relative 
character of our too abrupt terms, we reach 
and realise the propositions thus reached by 
our great contemporary master ; 

“ Consciousness and unconsciousness mark 
the directions in which the two kingdoms have 
developed, in this sense, that to find the best 
specimens of consciousness in the animal we 
must ascend to the highest representatives of 
the series, whereas, to find probable cases of 
vegetable consciousness, wo must descend as 
low as possible in the scale of plants — down to 
the zoo-spores of tho algae [called zoo-spores 
because they have such animal mobility], for 
instance, and more generally to those uni- 
cellular organisms which may be said to hesitate 
between tho vegetable form and animality. 
From this standpoint, and in this measure, wo 
should define the animal by sensibilit.y and 
awakened consciousness, the vegc^tablo by 
consciousness asleep and by insensibility.” 

The Vital Difference in Plant and 
Animal Development. Thus, even when 
we have closely scrutinised tho highest known 
forms of vegetabl(> life, we can only say that 
we see in greater extent and efficiency of action 
tho characteristic chemical power which wo 
have already discussed. While the animal king- 
dom has been revealing mind and intensifying 
consciousness through tho evolution of tho 
nervous system, tho vegetable kingdom has 
simply been increasing and making more 
efficient its chemical power under the influence 
of sunlight. Its response to sunlight is its 
nearest analogue or parallel to tho animal’s 
sensibility to all manner of stimuli ; and though 
this animal sensibility includes response to 
sunlight, it is the plant that responds in tho 
wonderful chemical manner already discussed. 
Indeed, we must say that the nearest parallel 
to tho nervous system of the animal, and thus 
the highest product of vegetable evolution, is 
the physico-chbmical apparatus, still mysterious 
and beyond the power of science to imitate, 
by which it captures the energy of sunlight and 
makes it available for itself and animals as the 
chemical energy of starch and sugar. 

In Bergson’s words, this amounts to saying 
that ” the plant can have no nervous elements, 
and that the same impeitta that Juia led the animal 
to give itself nerves and nerve’Cenires must have 
ended, in the plant, in the chlorophyllian^motion.'* 
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Elimloating Waste. Coatrolling the Stores! Speeding 
Up. Inducements to Workers. Checking Output. 

FACTORY ORGANISATION 


A S already explained, the office is the brain 
of a business, and any failure there must 
of necessity make itself felt in the business as 
a whole. But a well-organised office is not in 
itself sufficient to ensure success. Something 
more is needed. The various other departments 
must also be properly constituted, and in none 
of them is this so important as in the factory. 

If the producing department is not thoroughly 
organised on a scientiho basis, so that the 
best and the most is obtained from each worker 
and each machine, then the business as a whole 
is suffering, and money that might be made 
is being lost, no matter how largo the actual 
profits may be. Where the margin of profit is 
not great, slackness or muddling in the factory 
may mean an absolute loss on the year’s trading, 
with no return at all on the capital that has 
been invested. 

The essence of factory organisation is to 
eliminate waste of time and material, to work 
with the least amount of labour consistent 
with efficiency, and to ensure that the quality 
of the work produced shall never be below 
standard, but shall, if possible, improve with 
increased experience. Of course, a whole volume 
might easily be written upon factory organisation 
and management, and still leave the subject 
unexhausted, but in this chapter it is proposed 
to lay down the general principles of up-to-date 
oiganisation ; and the reader who is interested 
will bo able to work out the details for himself 
to suit the particular kind of business in which 
he happens to be interested or engaged. 

Managerial Qualifications. First of 
all, let it be said that no man wlio occupies 
a position of trust and responsibility in the 
factory can be too well educated for his work, 
and this apphes also to the ordinary workman 
who aspires to improve his position and his 
salary. The old idea was that for the manager 
of a factory all that was needed was a practical 
man who thoroughly knew the various processes 
of manufacture, and that it was at least a 
matter of indifference whether he had any 
education outside of his particular craft. Such 
an idea has long been exploded. It is true the 
man who is going to manage a factory, or any 
department in it, must know the various pro- 
cesses that come under his control, but he must 
be more than a mere glorified mechanic. He 
must have education and initiative, and tact 
and courage. 

He must have education, or he can never 
use to the best advantage the practical know- 
ledge which he possesses ; he must have initiative, 
or he will merely allow the work of the factory 
to proceed on the lines laid down by his prede- 
cessor and continued in the same way, perhaps 


for years. Rather should he make it his business 
to improve every departmeiy; and process, 
and devise better ways of carrying out the 
details, so as to justify the confidence placed 
in him by his employers when they made him 
head of the works, or of a department in the 
works. Those improvements and new methods 
will be introduced gradually and almost imper- 
ceptibly, so as not to upset any of those who 
have worked under the older system. It is hero 
that the necessity for tact comes in. No man 
can possibly succeed in a position of authority;, 
in the factory who has not the ability to hanole 
men in such a way as to get the best out of 
them, and this can only be done by loading 
and not by driving them. 

All this, of course, requires courage ; and 
the successful man is never the one who is 
always trying to push off upon others the 
responsibilities which he himself should assume, 
and who is afraid to take risks. “ Nothing 
venture, nothing have,” is an old iDrovcrb, 
but it is a true one ; and while it is not suggested 
that a factory manager is to have what can 
in any sense be described as the gambling 
spirit, he will never make progress if he is 
always afraid to strike out into any path that 
has not previously been taken by others. It is 
not by such lack of courage that great businesses 
have been built up or are being built up today. 

Thinking Ahead. The man who aspires 
to hold any position of control in the pro- 
ducing side of a manufacturing business should 
ever be a learner, for he can never know too 
much, and it is in the working out of the details 
that education tells. The really able and gifted 
man may do much by instinct and intuition, 
but without education he can never achieve 
the best. Human knowledge is progressive, 
and the true business man is always discovering 
something new that he can turn to account. 
He must, if he is to keep abreast of the times 
and be ahead of his competitors, know about 
the new problems that are constantly arising 
in economics, and he will plan ahead to meet 
the requirements of probable new legislation 
affecting factory life and work. He will study 
the new developments in engineering, the new 
discoveries in geography, the ntiw situations in 
the life and government of the nations, for 
any or all of these may mean new markets for 
new lines of manufacture, new methods of 
producing, and new shipping routes. He who 
desires to get into the front rank of business 
men will be a diligent reader of the newspapers, 
including those trade organs that deal with his 
own particular business ; and not the least 
valuable columns for regular and systematic 
^tudx ar^ those devoted to advertisements, 
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where particulars will be found of sew inventions 
and appliances, and of books dealing with 
subjects of importance to the factory manager. 

On page 1127 is a table showing the principal 
departments into which a large factory is 
generally divided. It is difficult to pick out 
any one of these and describe it as the most 
important, for Jf the factory is really well 
organised all the departments are inter- 
dependent and are almost equally important, 
each having within itself potentialities which 
may mean profit or loss to the business as a 
whole. On account of the intimate relations of 
the different departments, there is in all large 
factories nowadays a system of intercom- 
munication by telephone, a central exchange 
somewhere in the building connecting up the 
slifferent departments as required. The telephone 
has been of inestimable value to the factory, 
saving much running about by messengers 
and much waste of time by the workers, who 
can bo rung up from th(5 manager’s office or 
elsewhere and spoken to without the necessity 
of going from one part of the building to another 
to take some trivial instruction. The value 
of the telephone is the greater the larger the 
factory promises, and the more considerable 
the distance of one department from another. 

The Storekeeper's Responsibiltiy* 
A very important section of the factory is 
the stores, and the storekeeper is an official 
with great responsibility, for ho is the guardian 
of all the materials to bo used in the manu- 
facture of the finished goods. He receives the 
various materials as they come in, he is re- 
sponsible for their safe and suitable storage, 
he is answerable for them so long as they are 
in the stores, and he is also responsible for 
their proper distribution. He must keep correct 
and complete records of all goods received and 
on order, of all that have been handed out to 
different departments, and of all breakages or 
deteriorations. 

These records must account for everything. 
They should bo kept upon the card-index 
system, as described upon page 1129. Questions 
of prices and invoices are dealt with in the 
general office by the stockkeeper, but it is 
essential that the man actually in charge of the 
stores, who is responsible for handing out the 
oods to the different departments, should 
imself be able to know in a few minutes just 
how his stock stands. The storekeeper in the 
factory will, of course, supply the stockkeeper 
in the office with periodical records of the out- 
goings, so that the records of both may tally. 

How Stores are Kept and Checked. 

The position of the stores in the factory must 
be as central as possible, so as to be fairly 
accessible to all the departments drawing from 
them ; and here, if anywhere, organisation is of 
Buprome importance, or there will be disastrous 
delays in finding exactly where things arc when 
they are required. The size and clmraoter of 
the stores depend upon the particular kidd of 
business concerned, but, whatever the business, 
except for the very lai^est articles, racks abd 
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bins are necessary, arranged in rows with oon- 
venient corridors or passages between them. 
Eveiy rack and bin should be numbered, and 
both storekeeper and stockkeeper must note 
these numbers on the card records of all goods, 
so that should the storekeeper or his assistants 
be away at any time, or should there be a 
sudden change in the personnel of the staff, 
there is no difficulty in the new employees, 
.knowing where the various articles are to be 
found. Any neglect of this very necessary 
precaution may mean at some time endless 
delay and serious loss of time and money. 

The Checking of Goods on Delivery. 
All goods must be unpacked, if possible, as soon 
as they arrive, and chocked and examined to 
see if quantities correspond with deliverv notes 
and official orders, and also to see if they 
are up to standard quality and in good 
condition. The empty cases or other packages 
in which they came should bo returned as soon 
as possible. Such matters should not be left 
to chance, but should be attended to according 
to a specified routine, and for each operation 
and class of goods some individual should be 
made definitely responsible. Records of every 
trfinsaction, with dates and other necessary 
particulars, must bo kept and duly filed. 

The stores of a factory representing such a 
considerable capital value, it is obvious that 
there must bo a thoroughly efficiemt control, 
and that the system of giving out stores must 
be placed on a scientific basis. Jn the first 
place, it goes without saying that nothing what- 
ever will be given out except in exchange for 
an oflieial requisition form, duly signed by the 
head of the department to which the stores 
are going. This requisition form will specify 
the exact articles and quantities required. The 
old method of allowing stores to lie about in 
the different departments, without any proper 
control or supervision by a head responsible 
for the stores as a whole, is so wasteful that it 
is now almost obsolete. It will quickly be 
recognised that any such haphazard method 
must result in loss and deterioration, besides 
which* the workmen will come to regard such 
stores lightly and to look upon them as of little 
value. This will increase waste ; and where the 
articles are small, and of use for ordinary domestic 
purposes, there is the temptation to petty theft. 

Taking Goods from the Store. Stores 
cannot bo guarded too jealously or controlled 
too strictly, and the factory manager must 
personally see to it that the system in vogue 
is effective. The storekeeper will have a 
small corner of the stores partitioned off as an 
office, and to this office will be brought all 
official requisition orders. In largo factories 
there is often a pneumatic tube to the store- 
keeper’s office, and the orders are sent through 
this. All requisitions from the departments 
should first go to the general office to be initialled 
by some responsible person there, and be sent 
thence to the stores. 

The practice in some factories of allowing 
workmen to go to the stores to get the various 
goods each requires is an exceedingly bad one. 
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employees, whieh has to be paid for, and under- 
mines discipline. There should be a proper and 
adequate staff of messengers or labourers in the 
stores to carry whatever goods are requisitioned 
direct* to the different departments. The stores 
should be quite shut oft from the rest of the 
factory, and no one should be allowed inside 
except the stores staff and any other persons 
who are properly authorised to enter. 

Replacing Stock. On each shelf or bin 
or compartment there should be some sort of 
indicator giving the quantity of stock still re- 
maining. A certain minimum should be fixed 
for every class of goods, below which the stock 
must not be allowed to fall; and when this 
minimum is being approached some sort of 
requisition form should be sent by the store- 
keeper to the buying department for the stock 
to be replenished. Where small nuts, bolts, 
rivets, and the like form a part of the general 
stores, these are often kept in largo glass jars 
with coverings. In this way they are preserved 
free from dirt and dust, and the jars being trans- 
parent enable the condition of the stock to be 
seen at a glance. 

Requisition forms should be bound up in 
books with duplicate sheets, so that each depart- 
ment can keep for reference a duplicate of 
every requisition it makes out and sends to the 
stores. The forms should have spaces for setting 
iorth the name of the department requiring the 
goods, the name of the job they are required for, 
the signature of the responsible official ordering 
them, the signature of the head of the depart- 
ment, the date, the signature of the storekeeper 
when he has executed the order, and any other 
particulars likely to be needed by the costing 
department. No stereotyped form can bo given 
that will suit all businesses, as the requirements 
depend so much upon the size and character of 
the factory. When the goods have been given 
out strictly in accordance with the terms of the 
requisition, the form should be filed ready for 
the costing department, and a note made on 
the card-index file, and also on the record attached 
to the shelf or bin from which the goods have 
been taken. There should be no delay about this. 

Crediting Returns. Sometimes a depart- 
ment will find that it has requisitioned more 
stores , than it requires. It should be made a 
rule that, directly on the completion of a job, 
any surplus material should be returned to the 
stores, and a credit note, which may be on a 
recognised form, obtained by the department 
returning the goods. This credit note should 
' be sent to the costing department with the 
time-sheets of the men engaged on the job, so 
that the work may be duly credited with the 
material not used, but already set against it on 
the original requisition form. 

In such businesses as engineering, where ex- 
; pensive tools are used, the stores will take charge 
of these, and will hand them out to the men 
l/each morning, receiving them back at night. 
V- B form of receipt will in such oases be 
: lieoe^^ which can be given by the workmen 
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on taking th^ tools, and by the stores on receiv- 
ing them back again at the close of work. 

The Manufacturing Department. We 

next come to the manufacturing department 
proper, and it is here, in some central position, 
that the factory manager* will have his office. 
The old system of allowing the office to be a 
room completely shut off by^ walls from the 
factory has given place to an apartment with 
glass partitions, so that the factory manager 
can see out into the factory and can be seen by 
the workpeople. In this way his supervision is 
continuous, and, at the same time, greater 
confidence is inspired in the employees when 
they see that the manager's office is as open to 
their view as their workshop is to him. 

Every business must work out its own system, 
the main and essential principle always beiu{ 3 * 
to inspire loyalty and enthusiasm in the workers, 
to increase the capacity for output, and to 
reduce cost as far as possible without reducing 
efficiency and quality. To this end the factory 
itself must bo perfectly adapted for the wort 
it is to do. It should bo well ventilated, kept 
cool in the summer and properly warmed in 
the winter. A shivering workman can never be 
a good worker. The cloakroom accommoda- 
tion should bo convenient and adequate; and 
where the factory is situated in a suburb or in 
the country, and many employees come upon 
bicycles, proper accommodation for the machines 
must bo provided. 

In many businesses where foodstuffs are 
manufactured it is now the custom to retain 
the services of a trained nurse to question the 
women employees as to their character and so 
on, and to attend to any minor accidents that 
may occur during the working hours. Some 
room is usually set apart as a kind of infirmary, 
a rest-room, where first aid can be rendered foi 
cuts, bruises, scalds, and so on, and whore girl 
employees who may feel temporarily indisposed 
may rest for a time. The cost of such provision 
is, of course, not great, and it has boon discovered 
by long experience that the cost is more than 
recovered by increased efficiency and enthusiasm 
among the workpeople, who appreciate the care 
thus being taken of their interests. 

The Importance of Good Lighting. 
Lighting is a very important item, especially 
artificial lighting, and this should be arranged 
under the advice of experts. It was found in 
one factory some time ago that about 50 per 
cent, of the mistakes made by the workers 
occurred in the winter months, and after four 
o’clock, when daylight had departed. Experts 
were called in, and a new and efficient lighting 
installation fitted up, with the result that a 
largo proportion of the errors w'ere henceforth 
eliminated. Not only so, but the output of the 
workers, which was less in winter, was attribute 
to the same cause, for with the improvement in 
lighting came an improvement in output. Any 
light which, owing to insufficient illuminating 
powqr or* unsuitable position, causes a strain 
upon the eyesight of the workers is making for 
inefficiency and disorganisation, and should 
certainly be remedied without anyjjdelay* 
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Facllitiea for Moying Gobda. Inter- 
communication between departments should be 
easy. Whiero goods have to be constantly 
moved about; a complete system of trolley-rails 
should be laid down. « Some factories have miles 
and miles of such rails. Sloping pathways from 
one level to another are often the means of saving 
hundreds of pounds in the course of a year by 
avoiding the necessity of either hydraulic or 
electric lifts. 

Where men and women are both employed, 
and communication between the departments 
is necessary, it is the custom in some factories 
for only certain men to go into the women’s 
departments, these men being properly author- 
ised and marked by some special badge. Any 
other male employees entering the departments 
^PBtiploying women only are punished for a breach 
of the factory niles. It is obvious that in large 
factories, unless there is proper and strict 
organisation in these matters, a lack of discipline 
is likely to ensue. Some men must go into the 
women’s departments to push trolleys, lift heavy 
weights, and so on. Strict discipline must, 
however, be obserired if the productive capacity 
of the factory in every department and as a 
whole is to be kept at its highest all the time. 

Storing and Packing Goods, In food 
manufactories great care must be tak<'n in the 
storage of goods, and the factory manager must 
institute a system that will result in his being 
informed automatically of anything being wrong 
in this direction. The cold storage fipparatus 
must receive particular attention and care. 
Any goods returned because of faults in pre- 
servation or packing should go right into the 
factory manager’s office, and he should get 
detailed reports, if possible, of the employees 
who packed them, and so on. These will then 
form an excellent basis for an inquiry into the 
causes of the faults, with a view to their removal. 
Such matters are of supreme importance. 

The Choice of the Staff. The engage- 
ment of workpeople is a very important business, 
and is receiving far more attention than it used 
to do. The question of obtaining suitable 
employees is one which is of far greater difficulty 
in some districts than it is in others. With works 
that have grown up in outlying districts the 
roblem is often one of quantity, and workers 
ave to be imported from the nearest large 
towns ; but often in largo towns where there is 
no difficulty about quantity, the quality is so 
inferior that the manager is sometimes hard put 
to it to get sufficient labour of the right kind. 
It may be a question of skill and practical 
knowledge of a trade, and it may be necessary 
to import labour from elsewhere. It is in meeting 
difficulties of this kind that organising ability 
in the factory manager and his assistants tells. 
The establishment of Labour Exchanges by the 
Government has greatly simplified the problem, 
and these institutions are of high value to 
employers of labour. • 

Up-to-date factories are attaching more and 
more importance to personal character, and 
even where^, unskilled workers are concernbd 
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greater care is exercised in the selection frdin 
applicants than used to be shown. A good many 
fir^ now make applicants fill in a form, con- 
taining a list of questions inquiring about past 
employment and references as to character, 
efficiency, and sobriety. Then, whether the 
applicant is taken on or not, these forms are duly 
filed, and in this way there is a record, not only 
of the previous expericnco of each worker in the 
factory, but also a file to which the manager or 
his assistants can turn, to see if an applicant has 
previously sought employment, and lyhether his 
present statements tally with those of a previous 
application. Such records are extremely useful. 

Advertising Vacancies. A word may 
hero bo said with regard to advertising for 
employees. Often the complaint is made that 
those who reply to advertisements are not 
explicit enough in their letters, but it should 
bo remembered that many of the advertisements 
apiK?aring daily arc equally inexplicit. Adver- 
tisements for employees should be carefully 
worded, and, while not putting the standard 
too high so as to drive off some w'ho possibly 
through self-depreciation will not reply, and yet 
might be suitable for the positions vacant, should 
state clearly what the standard is. In this way 
there will be as little time wasted as possible 
through rc'ading unsuitable letters and inter- 
viewing unsuitable applicants. There are, of 
course, recognised papers for the advertising of 
jjositions in various trades, and it is important 
that the right channels should be used, other- 
wise the money spent in advertising for workers 
is largely or wholly wasted. 

The Selection of Foremen and Over- 
seers. Foremen and forewomen are appointed 
to supervise sections of the workpeople, and over 
these there are overseers, and then heads of 
departments, the factory manager being supreme 
in the works. In selecting foremen, forewomen, 
and overseers, many things have to be taken 
into account. They must have a full knowledge 
of the work being done ; they must be of 
exceptionally good character, and must have a 
capacity for handling their subordinates. Any- 
thing in the way of domineering must end in 
loss somewhere. Just as it is true in the case of 
the factory manager, so it is in a corresponding 
degree of the foreman. He must lead, not drive ; 
he must inspire, not terrorise ; and any man or 
woman who can get more or better work out of a 
certain number of workers has proved his or her 
worthiness for a post of trust and responsibility. 
This being so, there is no worker, however 
humble, whether in the practical work or 
the clerical work of the factory, who cannot 
begin at once to qual^y for a better position. 
Merit and character never counted for so much 
in business as they do today, and managers are 
quick to detect who are the subordinates worthy 
of better positions and greater responsibility. 

The Daily Work Reports. Bach fore- 
man should make a daily, report for his overseer, 
which eventually goes to the manager’s office 
for filing. This form will record the number of 
people normally under him; the number at 
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($ work during the day ; the , reasons, if known, 
for the aWnce of those who are away ; the 
total number of hours worked ; the names of 
unpunctual workers ; the amount and character 
of the work done ; any accidents that may have 
happened, and any other matters of interest 
and importance. 

It should at all times be understood in every 
department that any accidents are to be instantly 
reported to the factoiy manager’s office; and 
if it is more than a mere cut or bruise, he should 
personally see the workman injured, so that a 
proper record of the accident may be made and 
certified by eye-witnesses. In these days of 
employers* liability it is of supreme importance 
that there should bo a regular system of recording 
full particulars of any accidents that may happen. 

Checking Output from Machines. In 

all factories employing many hands and many 
machines there must be instituted a regular system 
of checking the rate of output and keeping it more 
or less uniform, according to the highest sj^ndard. 
Machines must be watched, and their output 
recorded per hour and per day over a given period, 
and then the different hours and days compared. 
In this way any irregularity or weakness will 
be discovered, and, being discovered, the cause 
must be found and remedied. It may be in the 
machine, or it may be in the man ; or if it is in 
neither, it may be in some bad system that is in 
vogue and that needs bringing up to date. 

The Record Department, In the fac- 
tory manager’s office, or attached to it, will be 
a record department, where, by the card-index 
system, full particulars are kept of the record 
of each employee. These cards, filled up princi- 
pally from the foreman’s reports and the time- 
sheets, will show how many times in the year 
an employee has been absent, and the cause of 
such absences; how many times ho has been 
late ; the number of times he has been reported 
for carelessness or insubordination ; the number 
of accidents ho has been concerned in, directly 
or indirectly, and .their nature, also whether ho 
has been in any way responsible for them ; the 
amount of spoilt goods due to his carelessness, 
and his general character for loyalty, willingness, 
skill, cleanliness, and so on. Attached to this 
there will be a general report by the foreman, 
the overseer, and, if possible, by the manager 
himself from personal observation. It is ex- 
tremely useful to have such a record properly 
filed and formulated, for reference in case of any 
charge against the man by a new foreman or 
overseer. By having a system of placing the 
men in classes — say, 1, 2, and 3 for punctuality ; 
1, 2, and 3 for willingness, and so on — the annual 
report can bo transferred each year very quickly 
easily to a more permanent card-file, so that 
in course of time there is a complete record for 
each man for the past six or dozen years. 

A DlsadTantage of ** Speeding Up,’* 
Years ago, if a staff was fairly efficient and 
turned out sufficient work to make a profit for 
the business, the proprietors were usualljr satis- 
: ' Addf but of late j-ears the organisation of 
lisptories and businesses generally has gone on 
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apace, and new, no matter what the profits may 
be, nor how proficient the factory may seem in 
all its departments, there is a feeling that every 
machine and every man, from the manager down 
to the doorkeeper, is capable of oven bettor 
things than they have hitherto done. The result 
is that various systems have been devised to 
enthuse employees and induce them to increase 
the quality and quantity of tlrcir production. 

In America many firms do this by what is 
known as “speeding up,’* and this is often 
little more than a minute sub-division of tho 
work, so that every worker is dependent upon 
every other worker, and all must keep to a certain 
pace, or the whole business will be at a standstill. 
A few very quick and smart workers are then 
put in at exceptionally good wages, and those 
set the pace, the great moss of the workpeqpU 
having to keep up with them. Such a system 
does not commend itself in England. It may 
for a time result in increased output where the 
labour market is overstocked, and those who 
fall out of tho race can be quickly replaced, 
but it is bad in that, so far from inspiring the 
workers with enthusiasm for the house for which 
they work, it causes resentment, and often 
hatred, and on such a spirit no permanent 
success can bo built up. 

Profit-sharing on the Basis of Effici- 
ency. A better system is that which is largely in 
vogue in this country and in America, the system 
of sharing a proportion of tho profits with the 
workers. It is hero that tho record of the various 
workpeople described above proves so valuable. 
Tho amount of profit for each person has to be 
allotted on some basis, and a mere wage- basis 
does not result in the worthiest and most loyal 
getting the proportion of profits which should 
bo theirs. The system carried out by many 
businesses is to take the various points of tho 
record into cotisideration — punctuality, loyalty, 
efficiency, regularity, and so on — and to base the 
amount of profits on all these things taken in 
conjunction. In this way there is a substantial 
inducement held out to every employed man and 
woman who is included in the profit-sharing 
scheme to build up a good record by careful and 
consistent and loyal work. 

Bonuses for Rapid Work. Another 
method of producing greater efficiency and 
enthusiasm is by a system of bonuses on 
work done in less time than the time actually 
allowed in the estimates. A certain time is 
reckoned as being necessary for the completion 
of the job according to normal conditions, but 
if the work is finished in less time each 
workman engaged upon it is entitled to a 
bonus varying in amount according to tho 
length of time saved. If, on the other hand, 
the job should take longer than tho time that 
was estimated, thci workman receives his regu- . 
lar wages at so much an hour ; he does not lose 
anything at all. In this way there is nothing 
in the system that clashes with trade union 
principles. The union rate of wages is paid, and 
every man gets it ; but by putting their 
b^ks into the work and exerting themselves, 
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and taking an interest in turning out the job 
quickly, the men have a certain amount of money 
which means extra profit on the work. The 
bonus system really amounts to this — that the 
profit saved by the speedier work is divided 
between employers and employees. It is to the 
interest of every workman engaged on the job 
not only to worliwell himself, but to induce and 
encourage his fellows to do the same, as all alike 
will benefit. Such a system of bonuses on time 
saved is particularly applicable to trades like 
engineering and building. 

There are various ways of reckoning or 
allotting these premiums. They are usually 
3.3 J ortW per cent., and the following table shows 
how they work out according to whether the 
time saved is much or little ; 

WITH A PliEMlUM OF 33* PER CENT. 
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Of course, the more time is saved, the less 
actual money a man will make out of the par- 
ticular job, but in a factory where the system is 
in vogue, the more fact that there is a desire to 
speed up the work and increase the output means 
that there is plenty of work ; and no sooner is one 
job finished than a man has an opportunity of 
starting on another. In this way, though the 
total remuneration per job may be less, the 
wages per day or per week are far more. Thus, 
to take an extreme case, and confine it to one 
man, let us say that h(i would in the ordinary 
way do a certain job in ton hours, but by s|xjcding 
up he does it in five, and in the remaining five 
hours of a ten-hour day does another job for 
which ten hours were allowed, then he would on 
this day, according to the second table given, 
earn fifteen shillings instead of the ten shillings 
which would have been his wages had he keiit 
to the estimated time. 

The Need for Explaining a System. 

There are no doubt times and peculiar circum- 
stances when all systems break down, but this 
bonus system has the advantage of having been 
tried for a long time past, and it is generally 
recognised as a good one, whidh is more and more 
coming into vogue. The more efficient a work- 
man is, the more he welcomes it, as mving an 
opportunity for the profitable ciisphw his 
efficiency. But the system is useless unless it has 
the force of an enthusiastic manager behind it, and 
is thoroughly explained to the men. 

1526 


Whatever system of inducements is held out 
to the workpeople, a thorough explanation of 
what it means to them is necessary. In many 
factories meetings are held, and the system about 
to bo brought into use is explained by the 
factory manager, or perhaps by the managing 
director. Questions should be invited at such 
meetings from those who are not clear on any 
points. Another method of explanation is to put 
the whole thing clearly into writing, and to have 
a private circular printed for distribution among 
the employees, who are to understand that the 
document is for their own perusal alone, and is 
not to be shown to anyone outside the firm. 

Inviting Suggestions from Work* 
people. An excellent way of getting the 
intelligent interest of the workers is to invite 
suggestions from them for the bettor working 
out of the details of the factor^" organisations. 
In some factories boxes are fixed up in each 
department, and any suggestions may be written 
out, folded up, and placed in the box. At 
intervals — say, once a week — the boxes are 
cleared and the suggestions considered by the 
managing director, factory manager, or any 
other head who may be appointed for the 
purpose. Money rewards, varying in amount, 
according to the value of the suggestions, ani 
offered to the employees for any suggestions 
that may be adopted. In this way many useful 
hints have been obtained, and the firm has 
benefited as well as the workman. Every brain 
is, in such a case, thinking for the business. 

The Factory Acts. All such departments 
of the factory as the export, shipping, packing, 
etc., must be efficiently organised, but they are 
dealt with in other parts of the Business Section 
of this book. One other matter, however, must 
bo referred to here. The factory manager, and 
all who work under him in positions of authority, 
and also those who aspire to such positions, 
should get copies of the various Acts of Parlia- 
ment bearing on factories, and study them 
earefully, for much of the oi^anisation of the 
factory has to be based on these Acts. There is 
the Fifbtory and Workshop Act of 1901, an 
extract of which must bo exhibited prominently 
at the entrance to every factory or workshop. 
This extract must bear the names of the factory 
inspectors for the district, and of the visiting 
surgeon. The working hours must be clearly 
set forth, and only after an inspector has been 
notified on an official form may these be altered. 
The Act provides for the safe fenoing of machinery, 
for the periodical inspection of boilers, for the 
notification of accidents, and for the conditions 
in which overtime may be worked. The Work- 
men’s Compensation Act, the Employers’ Lia- 
bility Act, and the Tirade Boards Act should all 
be carefullv studied. 

By working on the lines suggested, making 
himself acquainted with all the details of the 
operations, and inspiring his staff, high and low, 
the factory manager will improve the efficiency of 
his factory and increase the quality ana quantity 
of the output, thus increasing the profits of the 
business. CHARLES RAY , 
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A STUDY OF SOUND 


F or convenience we shall use the word sound 
to indicate the external fact which gives 
rise in us to the sensations of sound ; but 
meanwhile we must recognise that if there 
were no ears to hear there would be nothing 
such as we understand by sound. Apart 
from the hearing subject, all nature is silent; 
just as, apart from the seeing subject, all 
nature is in darkness. ; One kind of wave- 
motion, falling upon one kind of nervous 
structure, produces light ; another kind of wave- 
motion, falling upon another kind of nervous 
structure, produces sound. 

Our first assertion, then, is that sound is 
a wave- motion. In familiar instances, as in 
the case of a bell, we are aware that the 
body which emits the sound is itself, as we 
observe when we touch it, in a state of vibra- 
tion. And we can easily convince ourselves 
by experiment that the essential consequence of 
such vibrations is to produce disturbances in the 
medium surrounding the vibrating body. Com- 
monly, that medium is air, but it may bo any 
other substance that possesses elasticity. The 
essential part played by the air in ordinary cases 
of the transmission of sound may readily be 
shown by sounding a bell within an air pump, 
and then gradually reducing the quantity of air 
surrounding the boll. When a certain rarity of 
the air is reached, the sound of the bell ceases, 
since there no longer remains sufficient air sur- 
rounding it to transmit its vibrations. 

The Speed of Sound. Every kind of 
wave requires a certain amount of time for its 
transmission. This is true of the waves in the 
ether, which constitute radiant heat and light 
and electricity. These all travel at one and the 
same unchangeable speed. As everyone is aware 
who has watched cricket or firing from any dis- 
tance, the speed of these ethereal waves is far 
greater than that of sound. One sees the bat 
hit the ball, or the puff of smoke appearing, 
appreciably before one hears the corresponding 
sound. The speed of sound can readily be calcu- 
lated, and, unlike the speed of ethereal vibra- 
tions, is found to vary according to the state 
and properties of the medium which transmits 
it. The speed does not vary markedly, however, 
with the pitch of the sound, 'v^icn we shall 
shortly study, nor yet with its loudness — facts 
which are fortunate W the musician. 

All sounds travel through air at a speed of 
rather more than 1,100 ft. per second, the speed 
increasing somewhat with the temperature of 
the air. The reason of this is found in the fact 
that such a rise of temperature increases the 
elasticity of the air, and it is upon this factor 
that the speed of sound in any medium depends. 
The speed of. sound in other media than gases 


has also been studied, as also the relative ease 
with which such media transiilit it. We know 
that the earth will transmit sound more effi- 
ciently than the air above it ; this every boy 
knows who has read of the exploits of the Red 
Indians and the ease with which they acquaint 
themselves with the approach of their enemies 
by putting their oars to the ground. In general, 
sound passes much more rapidly through solids 
than through liquids, and through liquids than 
through gases, including, of course, the air. Thus^ 
sound travels through iron about seventeen tiifTes 
as fast as through air. 

The Intensity of Sound. The intensity 
of sound varies according to a law with which 
we must now bo familiar, since it holds true for 
radiant heat, for light, and for gravitation. The 
law is that its intensity varies inversely as the 
square of the distance. This is familiarly known 
as the law of inverse squares, and is true of wave- 
motions in general. But the intensity of sound 
varies also with another factor which has not to 
be reckoned with in the case of ethereal wave- 
motions ; and that is the density of the medium 
which transmits it. Wo know, for instance, how 
clearly sounds are heard on a frosty night, the 
reason being that the air is then more dense ; 
while a famous Alpine traveller mentions that 
the report of a pistol at a great elevation appeared 
no louder than would that of a small cracker at a 
lower level. 

Just as other wave- motions are reflected, as wo 
saw in the case of radiant heat, so are thase which 
we interpret as sound. The laws of such reflection 
are the same as those that regulate the reflection of 
light ; and, indeed, are the same as those which 
(ideally) determine the reflection of a billiard 
ball from a cushion. The angle of incidence is 
equal to the angle of reflection, and, we must 
add in the case of sound, the planes of incidence 
and of reflection coincide. Those laws are 
equally true for the reflection of light and 
radiant heat. 

Everyone who has ever heard an echo is aware 
of the reflection of sound. Echoes sometimes 
offer serious practical problems, since they may 
seriously interfere with the utility of a hall for 
music or public speaking. In order to correct 
this defect it is necessary to break up in every 
possible way all the sound-waves except those 
which actually travel directly from speaker or 
performer to the audience. Wires and tapestries, 
and, indeed, the bodies of the audience them- 
selves, are often found to be of value. 

Use of an Echo. But the principle of the 
echo may also be iftilised in a rather surprising 
way. If the sound be reflected from more than 
one surface there will be a series of reflections, 
or ophoes, which will remarkably modify the 
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ordinary facts of its transmission^ A familiar 
and conspicuous instance is furnished by the 
whispering gallery of St. Paul’s Cathedral. 
Similarly, sound may be reflected from smooth 
sheets of ice, as in the case of two Arctic ex- 
plorers, who conversed comfortably at a dis- 
tance of a mile and a quarter. The principle of 
repeated reflectUn is adopted in the ear trumpet, 
the speaking trumpet or megaphone, and in all 
kinds of spexking-tubes. The moat striking 
natural instances of echoes are furnished by 
peals of thunder. 

Refraction of Sound. Just as light 
waves, as we shall afterwards see, are bent or re- 
fracted on passing from one medium to another, 
so also arc sound waves. In the case of light and 
radiant heat, we have to remember that the 
is passing through one and the same 
medium all the time ; but in the case of sound 
the wave is actually transmitted from, let us 
say, the air of one room to the wall of another, 
and so to the air of the next. But in such cases 
the direction in which the new wave travels 
is different from the previous one. This change 
of direction is indicated by the term refraction^ 
and it follows the same laws for sound as for 
light, under which they will be discussed. 
Just as light — in virtue of refraction — may be 
brought to a focus by a convex lens, so also may 
sound by the employment of some medium 
which will refract it. A balloon tilled with 
carbonic acid gas, for instance, will bring to 
a focus at a definite point on one side of it the 
sound of the ticking of a watch placed on the 
other side of it. If the balloon bo made to 
swing from side to side, as in the case of an 
experiment of Lord Rayleigh’s, the demonstra- 
tion is still more striking. 

Nature of Sound Waves. We have 
already noticed one fundamental distinction 
between the waves of sound and those of light — 
viz,y that the former are waves in a material 
medium (which may be gaseous, liquid or solid), 
while the latter are waves in the ether. But 
another most important distinction is that 
these ethereal waves or vibrations are at right 
angles to the line in which they advance. They 
are described as transverse vibrations. But 
the waves of sound are longitudinal vibrations. 
The particles of air, or whatever the medium 
may be, travel to and fro in the line in which 
the whole wave is advancing. 

Now, a most important distinction between 
these two wavos-r transverse and longitudinal — 
is that the latter, unlike the former, bring 
the particles of the medium alternately nearer 
to, and farther from, one another than they are 
when undisturbed. Such waves are thus waves 
of alternate condensations and rarefactions. 
Perhaps one of the best ways in which to obtain 
an idea of such waves is to think of a row of 
billiard balls in contact *with one another; 
the ball at one end being struck by another ball 
rolling up against it. The balls, being elastic, 
like lul media which transmit sound, ^re alter- 
nately compressed and recover themseVes, 
with the ultimate result Uiat the ball at the end 
of the row is shot forward by itself. In jdst 


iraoh a manner must we imagine the partiolei 
of air to behave when transmitting sound. 

Noise. But there are sounds and sounds, as 
ev^one knows, and though opinions differ as to 
the precise point where the line should be drawn, 
there are two great classes of sounds between 
which our ears detect so marked a difference 
that there must surely be some objective 
difference, equally definite, between them. 
Sounds we may divide into noises on the one 
hand, and musical notes on the other. What is 
the difference between them ? This question 
can be clearly and positively answered. The 
vibrations which we interpret as noise are 
irregular, while those which we interpret as 
musical notes are regular. In observing this 
fact, we make a most important contribution 
to psychology. The psychologist asks why 
one sound is pleasing and another unpleasing ? 
As physicists, we reply that, while ignorant as to 
the manner in which hearing is effected, we know 
the pleasing sound to be determined by regular 
stimulation of the nervous structures by which 
we hear, while unploasing sounds, those which 
have not the musical quality, are determined 
by irregular stimulation. We need pay no 
further attention to noises of any kind, but 
must now devote ourselves to the study of 
musical notes — the fashion in which they are 
produced, and their relations to one another. 

Pitch. The most striking respect in which 
musical notes differ from one another' is in pitch, 
and it is easy to ascertain by what this is deter- 
mined. It depends simply upon the number 
of shocks upon the ear per second. A tuning- 
fork, for instance, can be made to record its 
vibrations upon a piece of smoked paper passing 
in front of it, and wo find that the pitch of the 
fork depends upon the rate at which its prongs 
vibrato. For any particular tuning-fork this 
rate is constant. As we listen, we hear the sound 
gradually die away ; but the wavy line upon 
the smoked paper shows us that the number of 
vibrations per second does not vary ; while 
our ears tell us, in point of fact, that the pitch 
remains constant even while the loudness 
diminishes. 

The matter of loudness is so simple that we 
may dismiss it here. It depends merely upon 
the size of the waves, their extent, or, to use 
the technical phrase, their amplikide. The 
behaviour of the ear, however, somewhat 
complicates this statement, since Helmholtz, 
the great German physician, physicist, and 
philosopher, observed that the notes differing 
in pitch differ 'hlso in loudness, even where the 
amplitude of vibration is constant, the higher note 
always exhibiting the greater intensity. This 
is simply to say that, ^ther things being equal, 
our ears are more sensitive to high than to low 
tones ; but, in the case of any given note or tone, 
its loudness depends simply upon the amplitude 
of the vibrations which constitute it. So much 
for loudness. The essential fact of pitch we 
have already determined to be the rate of 
vibration. Various instruments have been 
devised for proving this assertion, and also for 
elucidating the facts of harmony. There 



tor instanoe, wh^t is called the . toothed wheel 
apparatus of Savart ; but that has now been 
superseded in practice by another device. 

The Siren. This is the name of an appa- 
ratus by which a continuous flow of air through 
a tube is arrested and permitted at regular 
intervals by means of a revolving disc, near 
the edge of which arc a number of holes at 
equal distances from each other. These holes 
come in succession opposite the end of the tube, 
and permit the air to escape. In a more com- 
plicated form of the same instrument there 
IS an arrangement by which the speed at which 
the disc rotates can be readily measured. 

When we experiment with such a siren, we 
find that the note which it produces rises or 
falls according as we increase or diminish the 
speed at which the disc rotates. But it also 
gives us much further information. In the first 
place, it gives us the limits of hearing for any 
individual-limits which are precisely com- 
parable with those of sight. When the number of 
puffs per second is 10, let us say, individual 
puffs may be heard, but there is no note pro- 
duced. As the speed of the disc increases, 
however, a note is heard, perhaps when the 
puffs reach the figure of 10 per second. 
The first note hoard has, of oourso, an 
extremely low pitch, but as the number of 
puffs per second increases the pitch rises, 
until at last it becomes extremely shrill, and 
finally is lost altogether. The number of vibra- 
tions beyond which no further sound is heard 
may be 30,000 per second or 50,000 or 70,000. 
The figure varies with different individuals, 
and is also affected in any individual by the 
occurrence of various kinds of deafness. The 
upper limit of hearing, for instance, may be 
very much reduced in cases of what is called 
nerve-deafnessj where the disorder is due not to 
the conducting apparatus, but to the nervous 
centres themselves. Thus the siren may be of 
considerable medical importance. It is very 
probable that sounds too shrill for most or for 
all human ears may be perfectly audible for 
some of the lower animals. 

The Harmony of the Siren. In 
order to study harmony by means of the siren. 
Dove, of Berlin, has modified the instrument, 
piercing four concentric sets of holes in the disc, 
the number of holes having, for instance, such a 
ratio as 8, 10, 12, 16. He calls this the inany- 
voiced siren, and can cut off any particular circle of 
holes at will, thus making the instrument speak 
with any combination of its voices. It is then 
found that if the eight and sixteen-holed circles 
be left open, two tones are heard, one an octave 
above the other. If the speed of rotation of the 
disc be accelerated or reduced, the tones are 
proportionally sharpened or flattened, but the 
one always remains the octavo of the other, 
proving conclusively that the relation between 
a note and its octave depends upon the fact that 
the speed of vibration is exactly twice as fast 
in the one as in the other. Now, the ratio of 
B, 10, 12, and 16 is the ratio of 4, 6, 6, and 8, 
and if all the circles of holes be left open, that is 
the ratio between the four notes which are pro- 
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duced. Thele are the notes of what musicians 
call the common chok'd or fundamental chord 
C E G C'. If the first and third series of holes 
be left open, we find that the note having the 
ratio of 6 to 4 or 3 to 2 is a fifth higher than 
the lower note. The G on the piano thus has 
half as many vibrations again per second as has 
the C below it, the ratio being mat of 6 to 4 or 3 
to 2. Similarly, we find other^usical intervals * 
established by sounding other combinations of 
the circles of holes, and it is an easy matter to 
establish the ratios of all the notes in, for instance, 
the ordinary major scale of C. Thus : 

C : D : E : F : G : A : B : C' 

1: I : 4 : I ; fM ¥: 2 

(or, 24: 27: 30: 32: 36: 40: 45: 48) 

The Scale. The most important fact 
about such a scale is the constancy in thq 
ratio between its notes. In fact-, we must stltte, 
as follows, the fundamental law of musical 
harmony. The notes employed in music always 
correspond to certain dejinite. and invariable 
ratios between the vibration numhers of the notes ; 
and these ratios are of a very simple kind, heimj 
restricted to the various permutations of the first 
jour prime numbers, 1, 2, 3, 5, and their powers. 
This fact is the whole essence of music, not only 
of harmony but of melody also. All the notes 
of any tune must lie in a definite scale, the nature 
of which is determined by the strictest mathe- 
matical considerations. Music is thus a variety 
of applied mathematics. If a note be sounded 
whioii does not possess one of these due simple 
ratios to the other notes of the scale, we say 
that it is out of tune — i.e., it is either fiat or 
sharp. The note may have pleasant enough 
quality in itself, but it has no relation to the 
rest of the notes of the piece. It simply cannot 
occur in such a place. This fact is quite distinct 
from all questions of discord. Almost any 
discord is permissible in its place in modern 
music, but all the notes so sounded have, at 
least, their regular places in the scale, whereas 
a note which is “ out of tune ” has no such 
place. The various notes of the scale quoted 
above constitute what is technically known as 
the natural or diatonic scale. 

The intervals between successive notes upon 
this scale are either major or minor tones or 
semitones, the third and the seventh belonging 
to the lattt^r class. If we insert an additional 
note between each pair of notes whoso interval 
is either a major or a minor tone, we obtain a 
sequence of twelve notes, the intervals betw^t^en 
each successive two of which are much more 
nearly equal than those of the notes in the 
diatonic scale. This more complicated scale 
is known as the chromatic scale. 'J’ho distinction 
between the older music and the music which 
is most prominently represemted by Wagner 
may most simply be stated by saying that the 
older music is founded upon the diatonic and 
the newer upon the chromatic scal<\ 

Stretched Strings. The facts which 
can be sew easily proved by the siren can equally 
well* be demonstrated by several other means. 
Notes of varying pitch may be produced, for 
instanoe, by the vibration of stretched strings. 
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Certain conditions determine the s^te which is 
produced by any given string, th^ being its 
length, its mass, and its tension. The term 
mass covers two factors which may vary in- 
dependently — the thickness of the string and its 
density. The simplest of these factors to 
understand is the length of the string. If a 
string, as in a violin — its tension being kept 
■ invariable— has Jfcs length altered, its funda- 
mental note (we shall afterwards explain the 
meaning of the word fundamental) will rise 
in pitch in exact proj^rtion to its diminished 
length. In this fashion, the diatonic scale 
can be played on one string of the violin, by 
stopping at intervals corresponding to the 
notes required. 

Tension and Pitch. The relation of 
the tension of a string to its pitch is 
ra^er more complicated. Other things being 
equal, the note is proportional to the square 
root of the tension — that is to say, if the 
tension be multiplied by four, the pitch of 
the note is multiplied by two — it is raised an 
octave. Again, the note of a string varies 
inversely as the square root of its density, and 
inversely as the square root of the weight of 
any given length of the string. There is no 
simpler arrangement for studying these facts 
in the case of strings than the monochord, 
which was known to the Greeks and carefully 
studied by them. This is simply a single string 
stretched between two fixed points over a 
sounding-board. Between the ends of the 
string is a movable bridge, by means of which 
the vibrating length of string can bo modified. 
For instance, if the movable bridge be inserted 
half-way along the string, the result is a note 
an octave higher than when the bridge was 
absent, and so on. So far as wo have gone we 
hnd that the facts agree entirely when we turn 
to the notes produced by pipes instead of 
strings. Other things being equal, a pipe of 
eight feet in length will produce a note an octave 
higher than a pipe sixteen feet in length. 

Fundamentals and Over-tones. But 
we find a great deal more complexity in, for 
instance, the vibration of a stretched string 
than has hitherto been indicated. The string, 
it is true, is vibrating as a whole, but it is also 
vibrating in segments. The same is true of a 
column of air in an organ pipe. The note pro- 
duced by the vibration of a string as a whole 
is known as its fundamental note or tone. 
The notes produced by its simultaneous vibra- 
tion in parts are known as over-tones or harmonica 
or upper partial tones. 

These over-tones are of immense interest and 
importance from every point of view. We have 
already noted one or two characters in which 
one musical tone or note differs from another — 
characters such as pitch and loudness. But 
there is another character, at least of equal 
interest, which' is quite inde^ndent of both of 
these, and that is the auality or tinibre of the 
note. Various words have been used for 
expressing this quality. Sometimes vfe en^>loy 
in Enghiui, the word clang4inlt a translation 
of a German Any two tuning-for|u 



, sounding notes of the same dtoh and loudness 
are absolutely indistinguimble from one 
another. The reason of this is that the note 
produced by a tuning-fork is a simple tone 
containing only*one fwdamental note without 
any harmonics or over-tones. 

How Notes and Tones are Iden- 
tifted. This fact, then, leads us to under- 
stand how it is that we are able instantly 
to distinguish identical notes, or what pur- 
port to be identical notes, according as whether 
they are produced by a piano, a violin, a 
clarionet, the voice of one friend or the voice 
of another. We say these notes purport 
to be identical, and, indeed, their funda- 
mental tone is identical. The differences 
which enable us readily to distinguish them so 
are entirely dependent upon the number, 
character, intensity, and intensity relatively 
to one another, of the various over* tones which 
accompany the fundamental note in every case. 
If these be few, the tone is thin and laclung in 
beauty ; if they be very numerous and prominent, 
the tone may be very heavy ; and sometimes, 
as in a very rich and resonant bass voice, the 
identity of the fundamental tone is actually 
obscured. The finest tone is that which includes 
the largest number of over-tones, or harmonics, 
that form a fine harmony with the fundamental 
tone. If the over-tones form an unpleasant 
chord with the fundamental tone, then the 
voice or violin, or whatever the instrument may 
bo, is held to be unattractive. 

Resonators. Everyone knows how a sound 
produced by any means is reinforced under cer- 
tain conditions. Illustrations are furnished by 
a watch lying respectively on cotton-wool or 
on a hard table, and by a tuning-fork held 
in the air or having its stem firmly placed 
upon a table. The string of a piano produces 
extraordinarily little sound when struck unless 
it be aided by a sounding-board. If the belly 
of a violin bo removed for experimental purposes 
and the instrument then played, it is impossible 
to get any fine tone out of it. The tone is, 
indeed, thin and offensive. Indeed, every 
kind of musical instrument is provided with 
some device or other in order to reinforce the 
sound which it produces. Such devices are 
known as resonators, and they are of extreme 
importance in music of all kinds, including 
vocal music. The manner in which a resonator 
acts is by increasing the amount of air which is 
thrown into vibration. 

Science of Resonators. When, for 
instance, the stem of the sounded tuning-fork 
is plac^ upon a table, the table ^^itself 
vibrates at the same rate as the fork ; and 
consequently a very much larger amount of 
air is set in motion. The rule with resonators 
is that there are certain tones which they best 
reinforce. A series of ^onators can be made, 
indeed, such that each responds to a given note 
and to that alone ; or, at any rate, u to other 
notes, only to those of very nearly the same 
pitch. The selective action of r^onators can 
readily be shown by holding a sounding tuni^- 
fbrk over s tidl cylindricM vessel containing 



water. The sound is found to be greatly re- 
inforced only when the water in the tube stands 
at a certain level. This experiment furnishes 
the proof of a most important fact. Let us 
suppose that a compound tone is being sounded. 
The proportion and relative value of its over- 
tones can be almost indefinitely modified by the 
use of various resonators which pick out and 
reinforce various over- tones or combinations of 
over-tones. The immense musical importance 
of adapting one’s resonators so as to reinforce 
certain selected over- tones will be discussed later. 

Harmonics of the String. Let us now 
return to our stretched string, or monochord. 
So far it has merely taught us that its note 
varies according to the length of it that is allovred 
to vibrate. Now, if, instead of merely plucking 
the string with the finger, we throw it into what 
is called forced vibration by means of a violin 
bow, we discover that more harmonics are 
produced. Only the very highly trained ear 
can actually detect them ; but everyone is able 
at least to recognise that a much finer and richer 
tone is produced by bowing the string than by 
plucking it. The difference is not a question 
of loudness, and the note is the same in both 
cases ; it plainly depends upon the presence of 
over-tones. It is, indeed, found that the string 
is vibrating not only as a whole, thus producing 
its fundamental tone, but also in hvo equal 
halves, thus producing an upper partial, or over- 
tone, an octave higher, and also in other pro- 
portions, corresponding to the interval which 
is called the twelfth, to the double octave, 
and so on. 

It is the presence of all those additional 
tones, happily blended with the fundamental 
tone, that accounts for the superior quality of 
the sound now produced. Each of the strings 
of a fine piano acts in precisely the same way, 
and there is a simple and interesting fashion in 
which this can be proved. Hold down with the 
fingers a series of notes on the. piano, such as C 
in the bass clef, the C above that, and also the 
E, G, and B flat above it ; now strike very firmly 
the low C below the bass clef, and let the note go. 
Immediately you hear, if the piano be*a good 
instrument and in tune, a soft chord consisting 
of the notes which you are holding down. (The 
reason why one has to hold them down is to 
prevent their vibrations from being damped, as 
they would otherwise be.) The explanation is 
very simple. The low tone which was struck 
contained a number of uoper partials ; the 
string was vibrating not only as a whole, but 
also in segments corresponding to the various 
over-tones. How do we know this ? The only 
statement that needs to be made for the com- 
plete understanding of the experiment is a 
statement of the fact which is called ^ym'paikeiic 
vibration, at which we have already hinted in 
describing the selective action of resonators. 

Sympathetic Vibration. The upper 
strings in our experiment, being left free to 
vibrate by having their dampers removed, have 
responded each to the over-tone identical with 
its own fundamental tone, in just the same 
fashion as a resonator of a given size and shape 
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responds tota given over-tone in a clang or 
compound note. The occurrence of sympathetic 
vibration is not difficult to understand. Wo 
must imagine that the case is not dissimilar to 
the pushing of a child on a swing; a series 
of taps given at the right moment will soon 
produce a very decided vibration. In the 
case of the very best piaj^s, sympathetic 
vibration is a very largo factor in explaining the 
quality of their tone, since, whenever the loud 
pedal is down, all the higher strings that corre- 
spond to the over-tones of any lower note that 
may be sounding arc thrown into vibration. 
P’or this jjurposo it is necessary that the piano 
be perfectly in tune, and the owner of a fine 
piano but only a moderately fine ear may 
know that his instrument needs tuning, less 
because any defect can be definitely obsenred 
than because its tone appears to be rather l(*ss 
rich and resonant that he Iwas observed it to be 
immediately after tuning. 

Nodes. If wo take tho simplest case of an 
over-tone, the production of a note an octavo 
above the fundamental note, we may imagine — 
and, indeed, may see — th(5 string to be 
vibrating in a fashion which is represented by 
the accompanying diagram. At tho point A 
wc have what is called a vode. ; the segments of 

string on each 
side of it are 
\ vibrating in 

opposite direc- 
^ ''' . tions, and are 

technically 
known as ven- 
tral segments. This is the simplest case but 
one, the simplest case obviously being that in 
which tho string has but one ventral segment, 
while its fixed extremities constitute its only 
nodes. But, indeed, a musical string is suscep- 
tible of an infinite variety of modes of vibration 
corresponding to diffen^nt numbcTS of sub-^ 
divisions into ventral segments. It is ' tho 
general rule that the over-tones tend to become 
fainter as one passes upwards. Tho higher the 
over- tone, the larger is the number of ventral 
segments of the string, and tho less is tho 
amplitude of their vibrations. 

A second figure indicates the state of affairs 
wlu'n a string is giving forth both its fundamental 
and its first over- tone. It is, of course, evident 
that no part of the string can be in two places 

at the same 
time, as tho 
diagram would 
at first sight 
appear to in- 
dicate. But, 
in reality, the 
motion of the 

string in such a case is complex, being the 
resultant of two factors, one corresponding to 
the fundamental and the other to the over-tone. 
The diagiram expresses in merely ideal fashion 
the «hape of the vibration that corresponds to 
each of these. The extreme complexity of the 
motion of the string when the number of over- 
tones is very large may easily be imagined. 
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Tuning of Resonators, t Helmhotts 
made many interesting experiments with resona- 
tors, and devised a large instrument consisting 
of a whole series of resonators ' arranged in a 
definite order. Any one of such tuned resonators 
may be used in order to demonstrate, even to an 
unmusical ear, the corresponding over-tone in 
a compound note. Each of them is a hollow 
sphere, with two opposite openings, the smaller 
of which is applied to the ear. If now the 
compound tone bo sounded, the resonator will 
immediately demonstrate the occurrence of its 
corresponding over-tone by greatly reinforcing 
it. These resonators may be arranged in such 
a position as to affect flames placed opposite 
them. When we sing opposite such an arrange- 
ment, the movement of the flames, which may 
he jeadily made visible by means of revolving 
mirrors, tells us precisely which over-tones are 
contained in the note we are singing. 

Vibrating Plates. What is true of 
strings is true of other vibrating bodies, such 
as plates. The physicist Chladni made a study 
of this subject by taking square nlates, clamping 
them in the centre, and sprinkling very fine 
sand upon them. If now the edge of such a 
plate be bowed, it will vibrate in a particular 
fashion; and this will vary if the finger be 
placed upon the plate at various points and 
accordingly as the position of the bow is altered. 
The plate has its nodes just as the string has, 
their position • varying with these varying cir- 
cumstances, and the sand naturally tends to be" 
thrown upon whatever may happen to be the 
nodes or nodal lines of the plate. Hence there 
may be produced an endless number of sand 
patterns, which are everywhere known as 
Chladni’s figures. 

Pipes. The principles wo have already learnt 
are applicable not only to stringed instruments 
but also to wind instruments, such an an organ- 
pipe or a flute. The column of air in such an 
instrument is of a certain length, and is capable 
of vibrating at a certain speed. That we have 
seen in the case of the column of air above the 
level of the water in the cylindrical glass vessel 
which we used when studying the principles of 
resonators. The differences between various 
types of wind instruments are extremely interest- 
ing, especially to the musician, mainly because 
each of these types has its own characteristic 
capacity for the production of over-tones. For 
instance, what is called a stopped organ-pipe is 
capable of giving only the odd over-tones — ^ose 
whoso frequencies are throe or five times, for 
instance, that of the fundamental tone. Obvi- 
ously, the qqality eff a note produced by such a 
stopped pipe must be quite different from that 
given by the open pipe, which is able to yield 
the complete series of over-tones. 

The Human Voice, fiut the only kind of 
musical instrument which we have space to dis- 
cuss here is the human voice — the oldest and most 
interesting of all Essentially it is pfbducfd in 
the voioedjox, or larynx, which is development- 
ally equivalent to one of the gill arches gf the 
fish. The various cartilages of which it consists 


are all devoted to the service of the vocal corda^ 
which are made of fine elastic tissue, and are 
practically stretched strings. In front they are 
attached close, together, quite close to the pro- 
jection which we call Adam’s apple. Passing 
backward they slightly diverge ; but the larynx 
is BO constructed that they can be quite closely 
apposed, so that only a tiny chink is left between 

them. This the singer or speaker does, and 

then, by means of a forced expiration, drives a 
column of air against the resisting cords, which 
are thereby thrown into vibration. The rate of 
the vibration or the pitch of the note product 
must depend, our study of stretched strings has 
already shown, upon the tension, length, and 
mass of the cords. A man’s lar3nix is larger than 
a woman’s ; his cords are longer and heavier, 
and therefore his voice is of lower pitch. 

Causes of a Good Voice. The only 
factor over which we have control is the tension 
of the cords. If a dissected larynx be caused to 
emit a note, it is found to be very thin and un- 
pleasant, being what teachers of singing call the 
“ naked tone.” But in the case of even the 
finest singer, no tone is actually produced any- 
where save in the vocal cords. All the over-tones 
which make his voice so beautiful are produced 
by the partial vibration of his vocal cords. 
What enables him to produce such fine tone is 
his possession of resonators which are either 
naturally fitted to reinforce the most desirable 
over-tones, or else arc capable of modification 
at his will for this purpose. 

Voices undoubtedly differ from one another 
naturally in respect of their quality, the shape 
of the unchangeable resonators being — in some 
people — ^fortunately precisely adapted for pur- 
poses of singing ; but, in addition, voices vary 
widely, because of the varying skill with which 
the modifiable resonators are employed. We 
all of us have skill enough to modify our resona- 
tors so as to produce the various vowel tones, and 
the singer’s skill is only an advance upon this. 

The Man of Many Voices. When the 
teacher tells the pupil how to “ place ” the voice, 
what ife meant is simply that the muscles of the 
tongue, lips, and throat are to be so co-ordinated 
that the best possible resonance is ensured, pick- 
ing out and reinforcing to the utmost the most 
valuable of the over-tones in the laryngeal note. 
But there is a much higher art than this, and 
one known to only few singers — the art of modi- 
fying the vocal colour or quality for various 
purposes. Plainly, different qualities of voice 
are required for imprecation, love-making, and 
defiance. Some famous singers are the pos- 
sessors of half a dozen voices. Their art con- 
sists in their amazingi^control of all their modi- 
fiable resonators, so that, while sounding one and 
the same laryngeal note, they are able, by 
variously selecting and reinforcing its various 
over-tones, to endow it at one time \nth a 
sensuous, at another time with a martial, at 
another time with a devotional quality, and so 
on. Why various olan^^-tints should powess 
such varying significance is not for the pj^sicist 
to say. C. W. SAlEEBY 
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Wood and Steel Scaffoldings. The Various Systems Employed 
for Different Purposes. External and Internal Platforms. 

SCAFFOLDING 


B efore any building has been raised far above 
the ground level, the work will be out of 
reach of a man standing on the ground, who 
cannot do satisfactory work at a level of more 
than 5 ft. at the outside above the ground upon 
which ho stands. Platforms must be erected 
at successive heights as the building grows, 
that work may be carried on and material for 
immediate use may be stored. The term 
scuffoUl is applied to such platforms and the 
framework arranged to carry them, to whatever 
height it may be necessary to reach. 

A BricKlayers* Scaffold. A bricklayers’ 
scaffold 1641 consists in this country of a 
temporary framework of circular fir polos of 
various sizes and lengths, which are lashed 
together with cords of hemp or of galvanised 
iron wire. This lashing is termed The 

average size of a pole may be taken to be about 
5 in. in diameter, with a length of 30 ft. 
The frame of the scaffold is formed with 
a series of vertical posts, termed standards. 
These arc placed about 8 h;. apart, and at a 
distance of 4 to 5 ft. from the face of the wall. 
The foot of each standard is, if circumstances 
permit, imbedded for about 2 ft. in the ground ; 
but if it is to stand on a pavement, as in a street, 
it may be placed in a large tub filled with earth, 
or, when- in position, it may be surrounded nith 
a mass of concrete, the object in either case 
being to keep the foot of the pole from shifting 
when side strains are put upon it. 

For scaffolds of moderate height each stamlard 
consists of a single pole, and may be extended 
upwards by lashing another pole to it. Where 
a lofty scaffold is to be erected, the standards 
may bo formed throughout of two poles of 
unequal length lashed side by side, so that, 
when extended upwards, the poles yill bo 
jointed at different levels, thus breaking tho 
position of the joints and rendering the work 
stiffer. The lashing of two such poles together 
is termed marryiwj. 

Method of Strengthening the Sup- 
ports. Similar fir poles are placed horizontally 
against the standards and are securely lashed 
to them. These are termed ledgers. • They are 
placed at intervals of 5 ft. — which distance 
is termed a scaffold height — right up to the 
highest level necessary for the building. To 
stiffen tho structure thus formed, especially in 
exposed sites, poles are placed diagonally from 
the base of the scaffold to tho top, and are 
lashed to both standards and ledgers to prevent 
any racking of the scaffold. In this way a 
light, strong frame is constructed parallel 
with the face of the wall to be built. It is not 
completed before the work starts, but grows 


with it, the heiglit of standarj^ being increased 
and additional ledgers added as the height of 
the building increases. 

The lashing of tho framework is carried out 
by means of scaffold cords (which are . 8 ft. 
lengths of manilla rope whipped at both ends) 
twisted several times round the two polos to be 
united, whether they are at right angles or side 
by side. The scaffolder’s principal tool consists 
of a special hammer with a spur projecting from 
it. In tying, tho cord may be twisted rouncf 
the handle, the head placed against the polo as 
a fulcrum, so as to draw the cord tight. The 
cords are fastened off by thrciuling tho ends 
under two or three turns. The hammer is also 
used for forcing tho cord into position. When 
the lashing is completed, ]>ointed wedges having 
one side fiat and the other round are inserted 
between the polo and the cord, and driven in to 
tighten up the joint further and left in position. 
Such cords arc liable to shrink in wet weather, 
and to stretch again in hot, dry weather, and 
under such conditions the scaffold must be 
examined and tho wedges tightened up. 

The wire cords are not liable to be affected 
by weather in this way, and can, in most cases, 
be tied sufficiently tightly without it becoming 
necessary to make use of wedges. 

Platforms. The platforms are formed ai) 
follows. The brickwork having been carried 
up to the level of tho toj) of the fresh lodger, 
small square timbers, termed putlogs, usually 
split out of birch, about 3 in. square and ,5 ft. 
long, are laid about 4 ft. apart, one end resting 
for about 4 in. on the brick wall and the other 
end on the ledger, and some of them, at least, 
are secured to the ledger. 

On these timbers scaffold hoards are laid side 
by side ; these are usually about 12 ft. long, 
9 in. wide, and 1 \ in. thick. Tho square corners 
are splayed, and the ends arc protected with a 
strip of hoop-iron nailed to the board, which 
prevents them from splitting. To form working 
platforms these arc laid side by side across the 
putlogs and tho full width from the wall to 
the ledger, and the ends of the boards are butted 
one against the other. 

At such joints two putlogs are i)laced close 
together, each supporting the ends of one set 
of boards. Boards sometimes have the ends 
lapped, but this is not so good a method, and 
in no COSO should the end of any board be 
left without a support under it, or it may tip 
up if stepped up(^ and cause an accident. 
Along the outer edge vertical gvard boards^ to 

E revent materials falling off, are fixed, and at a 
eight of ft. 6 in. a rail is fixed for the pro- 
tection of the workmen. 
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Rum. BtmB may also be fonled from one 
part of a scaffold to another, and should not be 
less than 18 in. wide. These are formed of two 
boards (or more) laid side by side, and they 
should be joined together by strips of wood 
nailed at intervals on the underside. 

The lowest platform of all is left permanently 
in position, andc if next a street, must have a 
double layer of hoarding to prevent dust and 
rubbish from falling through. The other stages 
are removed successively as the work proceeds, 
and are re>erected at a higher level. 

The foreman must see that the scaffolder 
prepares each stage in advance of the brick- 
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layers’ requirements, so that there may bo no 
delay. As the wall is built up from any stage, 
a half-brick is omitted, where the putlog rests on 
the wall. This is known as a putlog hokt and is 
filled in later as the scaffold is taken down. 
If the poirUi'n^ [see Bricklaybb] of the waU is 
left to the finish, the stages must be temporarily 
reinstated to execute this work, and the puUog 
holes nxo filled at the same time. 

Internal Scaffold. The frame described 
is assumed to be placed on the outer side 
of the wall, but a similar frame and platforms 
must in many cases be erected on the inner side, 
otherwise the bricklayers would have to work 
on the inner face overhand — that 
is, by leaning over the wall to 
set the inner bricks, and such 
work is not capable of a finii^ 
I equal to that executed in the 
i ordinary manner. The inside 

scaffold is often slighter and less 
P I complete, and advantage may be 

‘ ‘ taken of cross walls to support the 

ledgers. 

> Cross Bracing. In addition 

to the bracing already described 

I in the plane of the framework, it 

is desirable wherever inner and 
outer frames are employed to tie 
them together. 

j This may be done where door 

and window openings occur, and 
' F=^ contributes to the rigidity of the 

scaffold, and particularly in ex- 

^ I posed situations helps to resist 

' the action of the wind, which often 

tends to force the whole scaffold 
out of the perpendicular. On open 
sites polos may be erected in the 
form of raking struts to steady 
’ the outer scaffold when it cannot 

be tied to the inner one. 

^ r=^l A Masons* Scaffold [ 65 ]. 

A masons’ scaffold resembles a 

bricklayers* scaffold, but when a 

U wall is built of large stones, 

n66.IWIIIIi XMTOIP there are no longer the facilities 

JCCTIOfA afforded by brickwork, of forining 

putlog holes to take the ixmer 
- ends of the putlogs, and two 

frames are required, one usually 
about 5 ft. from the wall and 
the inner one about 6 in. only 
from it. . 

The materials to be dealt with 
are often much heavier than in 
the case of brickwork, and the 
r, standards may be placed nearer. 

>TRUl togetherltod' braced more rigidly 

to provide adequate support, 
and they must be secured so that 
there is no . risk that they will 
lean away from the face of the 

illustration [64] shows a 
sm 'mm scaffold suitable for the erection 
wv LufCL. qI ft amall building of considerable 
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A GENERAL VIEW OF SCAFFOLDING IN THE EARLY STAGES OF HOUSE-BDILDING 


It should bo noted that the bricklnyors are working on a platform carried by the second row of ledgers, the 
platform carried by the lower ledgers having been removed. 



SCAFFOLD SHOWING A RETURN ANGLE SCAWTOLD WITH RETURN TO UPPER PART ONLY 

In the left'hand picture the standards, ledgers, putlogs, diagonal braces, and the method of securing the lagers to the 
Btandards should be noted ; in the right, the method of formingithe return, and the platform formed of scaflfold-boards. 
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height in proportion to ito'widtlo enich as a 
detaohed sanitary toiler of a hospital. 

Access to various parts of the scaffold is 
provided by ladders. They are mode of various 
fengtbys, and are described by the number of 
rungs they possess. Very long ladders are often 
used for repairing and painting work, but in 
connection with scaffolding, ladders of moderate 
length are used. ^ Where a great height has to 
be reached, several ladders are employed, and 
a platform is provided on which to land from 
each before climbing the next. The foot and 
head of each ladder must be firmly lashed or 
otherwise secured, and a strut is provided from 
the scaffold about the centre of the ladder to 
prevent oscillation. 

Hoisting Material. Materials are often 
lar®ied up by labourers in hods or baskets. 
For larger buildings, the height of which is 
not great, a kind of well-hole or run is provided 
at some convenient spot, and lined with scaffold 
boards placed vertically to enclose it on two or 
three sides. Materials are hoisted in barrows or 
baskets by means of a pulley and windlass 
worked by hand or by a small engine. For 
large works one or more derrick cranes are used, 
and by their means materials can be hoisted 
from carts and deposited directly at any desired 
spot. Small materials such as bricks are packed 
in crates and hoisted in bulk. Large stones, 
timbers, ironwork, etc., are deMt with separ- 
ately, and great care must be taken to see that 
they are properly secured before they are lifted. 

In executing repairs, a scaffold may some- 
times be erected round the upper part of a 
building without being built up from the ground. 
In the case of a tower, for example [67], strong 
beams may be passed through any suitable 
opening, extending from side to side of the 
tower so that the load on the two ends will 
counterbalance and form a base on which a 
scaffold may be constructed. The outer ends of 
these timbers may often be strutted from a 
projecting string course at a lower level. Where 
the beam cannot or is not required to pass 
right through the building, the inner end must 
be secured against any tendency to tilt up by 
being strutted against an upper fioor as in 66. 

Protecting Fans. Where such work has 
to be executed adjoining a public thoroughfare, 
and w'here old buildings are being pulled down, 
wooden fans are often formed for the protection 
of the public [66]. They are constructed in the 
manner just indicated ; bearers are passed 
through the available window openings but are 
not placed horizontally as for a scaffold, but 
inclined upwards, and the inner ends are securely 
fixed. The outer ends are covered with boards or 
cross bearers may be fixed, if required, to receive 
the close boarding. 

The Use of Sreel In Seaffoldlng. Steel 
scaffolding, known as Humphries’ scaffolding, 
is, however, now being used to a considerable 
extent, and has several advantages* over the 
timber scaffold. It is incombustible and, with 



and quickly and oheap^ erected and dismantled. 

This scaffold is formed with standards of angle 
iron, the edges of which are notched; they are 
made in 16 ft. lengths, and may be extended to 
an;f required height by means of fish-plates, 
wmeh are bolted on at each junction. Special 
clips and wedges can be fixed at any required 
level, owing to the notched edges of the standards, 
and these receive the outer ends of the putlogs, 
which are formed of bars of steel. The inner end 
of the putlog is reduced to the width of one- 
quarter inch, and thus occupies the breadth of a 
mortar joint, and the under side has a projecting 
nib which hooks over the brick of the course on 
which it rests, so that the putlog also forms a 
rigid tie securing the standard, which is further 
stayed laterally by a diagonal rod at every 
scaffold height. 

The standards are spaced at intervals corre- 
sponding with the length of scaffold boards in 
use, and in place of the ordinary ledger a scaffold 
board on edge is employed and clipped to the 
standards, and, where , required, intermediate 
putlogs may be suspended from this by special 
hangers to support the platform, which is formed 
of scaffold boards in the ordinary way, but the 
boards are usually overlapped at the ends. The 
standards are not imbedded in the ground, but 
ro.st on planks. No putlog holes are formed, but 
when the putlogs are withdrawn the mortar joint 
only has to be filled in. 

Steel Scaffolds Used in Repairing. 

A steel scaffold frame is also in use for executing 
work to existing walls, such as pointing or 
repairs, and can be attached to any part of a wall 
at any height without the necessity of raising a 
scaffold from the ground level. It consists of 
two parts. The first is a grappler terminating 
in a socket which can be inserted in any vertical 
brick joint after the mortar has been raked out. 

The second part consists of a triangular frame 
formed of steel bars secured together, of which 
the horizontal member has a hooked end that 
can bo dropped into the socket while the heel 
the frame rests against the face of the wall 
below. This must be free to move downwards 
slightly when loaded, and must on no account 
rest on a projecting ledge. These brackets are 
made of different scantlings, according to the 
strength required, but a pair of the lightest 
pattern are designed to carry a load of 7 cwt. 

The stronger type of bracket may be used to 
support the steel standards already described # 
when a scaffold is required for such purposes as 
raising an existing wall, avoiding the necessity 
of a scaffold from the ground level 

Sling Scaffolds. Sling scaffolds, or boats, 
afe used especially for painters’ work. They 
require a strong projecting beam fixed above the 
level at which work is to be executed. From 
this a small stage or platform, protected by rails 
and large enough for one or two workmen, is 
suspended by cords and pulleys, and can bo 
raised and lowered at will The cords and tackle 
used for hoisting such boats must be thoroughly 
'examined periodically to see that they are in a 
perfectly sound condition. 

B. ELSET SMITH 
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k Survey of Man's Neighbours In the World 
and how they are Disappearing from the Earth. 

THE MARVELLOUS PAGEANT OF LIFE 


In an early year of the twentieth cen- 
* tury the enterprising editor of a daily 
newspaper addressed inquiry to a number 
of persons, inviting their opinion as to 
which English writer had most powerfully 
influenced the general, trend of thought in 
the century that had just come to a close. 

Not a question to be answered off-hand, 
one will see ; but, after giving it the 
consideration it deserved, I wrote without 
hesitation the name of Charles Darwin. 
Some there be who will demur to such 
pre-eminence being given to a mere 
naturalist over the great theologians, 
historians, philosophers, moralists, poets, 
essayists, novelists, and men of science of 
the later Georgian and Victorian eras, 
many of whom made enduring impression 
upon their respective provinces of intelli- 
gence ; but none of these had to overcome 
such determined opposition from students 
in the other departments of human 
knowledge ; non^ could claim a victory 
so decisive, or one that was to affect so 
profoundly the methods and conclusions of 
workers in widely different fields of 
intellectual energy. 

All men acknowledge that Darwin, sur- 
veying the products of scientific research 
accumulated by preceding generations, 
checked some, rejected others, and veri- 
fied many of . them by laborious personal 
observation, and, having carefully collated 
with them the result of man's deliberate 
interference with the reproduction df do- 
mestic animals, lifted the scheme of biology 
into a higher plane, presenting animated 
Nature in a novel and startling aspect. 

The result, as affecting the ordinary, 
unscientific lover of Nature, has been to 
impart a deeper interest to the pageant of 
life, to give a new significance to the 
deadly struggle for survival which has 
been maintained for ages beyond our 
power of numeration, and to explain the 
purpose of the merciless suppression of 
unfit types and individuals. 

. Ruthless stringency in eliminating the 
unfit results in the uniform vigour and 
energy of what we term the lower animals. 


Epizootics — diseases that from time to 
time decimate, and more man decimate, 
the more fecund races of animaLs — leave 
the survivors fitter than ever to maintain 
the struggle, and epidemics among human 
tribes in a state of barbarism have a like 
efifect. One is apt to recognise in this a 
teleological purpose, the periodical elimina- 
tion of a large percentage of consumers in 
the interest of the survivors and, through * 
them, of the race. It is only in the human 
community that diseased or enfeebled 
individuals are permitted to exist and 
transmit their infirmities to their off- 
spring. When a wild creature loses the 
power of sustaining itself, the end is not 
far off. Animals that will freely risk their 
lives against any odds in defence of their 
young show the utmost indifference to 
the evil plight of their fellows, in some 
cases attacking a wounded comrade and 
hastening its demise. 

. It is only within recent times that 
modern appliances and research have 
brought to our knowledge how life in one 
form or another pervades every spot in 
this globe that is capable of sustaining 
it. It exists even under conditions which 
might excusably have been pronounced 
incompatible with it. Mr. James Murray, 
biologist with Sir Ernest Shackleton's 
Antarctic expedition, sank a shaft through 
fifteen feet of solid ice to the bottom of a 
coastal lake, and brought up swarms of 
rotifers and water bears (Macrobiotus). 
Now, this lake never thawed during the 
two summers which the explorers spent 
there ; it may have been frozen solid for 
years or even for centuries, during which 
these creatures had been embedded in a 
temperature of forty degrees (Fahrenheit) 
below zero, incapable, of course, of dis- 
charging any of the functions of life. Yet 
no sooner were they brought to light and 
placed in water than the rotifers began 
scooping in floating atoms of food, and 
they, as well as the minute rhizopoda and 
water bears, set about at once the process 
. of reproduction, either viviparously oi 
through jegg-laying. 
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Now, these microscopic creatures are far 
removed above the lowest fonna of life. The 
so-oaUed water bear, for instance, has a simple, 
but ’ segmented and perfectly symmetrical 
structure, the sexes of ■ the individuals being, 
distinct and separate. It has eight legs, armed 
with effective claws, teeth hardened at the tips' 
by a calcareous deposit, a blood fluid containing 
numerous corpi^^cfes, a stomach, a brain and 
nervous system, an alimentary canal, an excre- 
tory orifice between the hindmost pair of legs, 
sometimes a pair of eyes, but never a heart. 
Although it never exceeds one millimetre in 
length (25i millimetres = 1 inch), it is the host 
of many bacteria which infest its blood. 

No man need blush to own macrobiotus 
among his “ poor relations,” for there docs not 
^ exist a more harmless race than these minute 
"ermtures, which prey — for nearly all forms of 
life prey upon other forms — only upon mosses 
and algae, nibbling through the cell- walls of thcso>» 
humble forms of vegetation and imbibing the 
sap. But one ca^ot without a shudder recog- 
nise affinity with another class of anijnal, not 
distant of kin from the gentle Water bear, 
suggesting the fancy that there have been two 
creative agencies at work — one, a benignant 
Deity, designing channels through which the 
vital force shall bo moulded into more perfect 
beauty and nobler form ; the other, a malignant 
demon, intent upon devising subtle and corrupt 
instruments for defacing, maiming, and destroy- 
ing the handiwork of the rival Power. 

Malignant Creatures that infest 
Animals. The life-history of the pentastomids 
shows how the perpetuation of every living animal 
involves the affliction, and often the sacrifice, of 
some other form of life. Ilu'se pentastomids are 
loathsome creatures, inhabiting the nostrils or 
lungs of dogs and other carnivorous animals. 
Their eggs or larvae, being expelled by coughing 
or sneezing, fall on grass or other herbage, and 
depend for development upon being swallowed 
by some browsing creature. When this happens, 
the larva, which is furnished with clawed limbs, 
bores through the walls of the stomach, and 
penetrates to the liver or some other principal 
organ, where it ensconces itself for several 
months. As the time for assuming its adult 
form approaches, the creature begins wandering 
through the tissues of its host, sometimes causing 
dangerous and even fatal disturbance. If the 
said host — be it sheep, deer, rabbit, or what not 
— is devoured by a dog or other beast of prey, the 
larva, when swallowed, travels into the lungs or 
nasal cavity of its second host, where it awaits 
its development into an adult, and the unlovely 
cycle is renewed. Note that pentastomids are 
quite distinct from- the cestodes, or tapeworms, 
which they greatly resemble in haunt and habit. 
The cestodes are far lower in the scale of animated 
Nature than the pentastomi(te, being hermaphro- 
dite, destitute of a digestive tract, and absorbing 
nutriment by soaking in the dissolved food in 
the intestines of their host ; whereas th^ pentasto- 
mids are bi-sexual, the males moving about 
fi'cely in quest of their mates, and live by sucking 
blood from the internal organs wherein they lodge. 
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Plants that Pi^ on Animals, All 

animals depend on ^hts for their food, either 
directly or indirectly, )but the vegetable kingdom 
is capable of reprisals, not merely in the vindio- 
,tive sense of poisonin^their foes, but by making 
them their prey. Bacteria, a humble form 
of vegetable life, are the' direct agents in many, 
probably in inost, forms of acute disease. Also, 
several of the mere highly organised plants 
retaliate upon animals by catching * them and 
absorbing their juices for their own nourishment. 
[See pages 623 and 624.] 

Human Traits in Insect Life, Ho^bbit>^ 
life is not all ferocity. . Killing is'ihe universal 
moans of subsistence — the system prescribed for 
the maintenance of the myriad actors in the 
pageant ; but in tracing upward the develop- 
ment of living creatures from primitive and 
relatively simple forms one arrives at a point 
where more amiable traits begin to manifest 
themselves, ultimately affecting the habits and 
behaviour of the higher animals as powerfully 
as the craving for food. * ; 

It was said by Linn®us that “ Nature is most 
marvellous in the smallest, of her creatures.” 
In no, class of animals does one realise the truth 
of this so forcibly as among the iiisects. More 
numerous in their species than all other land 
animals put together, insects are usually diminu- 
tivo in size, the largest of them not exceeding the 
smallest of birds in bulk ; yet it is in this group 
of invertebrate creatures, individually so insigni- 
ficant, that one first encounters that passionate 
solicitude for offspring which ranl^s so high as a 
virtue in every human code of ethics. Also, 
leaving man out of account, it is almost 
exclusively among insects that ^co-operative 
communities arc to be found, with - complete 
systems of government arid subdivision of labour. 
Many vertebrate animals are gregarious, - but 
these are merely sociable, not social. 86ine of 
the hunting creatures may combine for attack, 
but instances of deliberate co-operation, such as 
the construction and maintcnanco by beavers of 
a dam for the good of the colony, and, by the 
weaver birds, of a common roof for their crowded 
nests, ‘are difficult to lind. 

Social Organisation among Insects. 

Everybody knows something about the honey, 
bee, and understands something about the perfect 
manner in which the inhabitants of a hive are 
divided into blksses, each having its structure 
specialised for definite duties. It is nearly 3000 
years since King Solomon urged his readers to 
consider the ways, of ihe ant; but our knowledge 
of those ways is still very fragmentary, though, 
the various races of ants hava been ingeniously 
classified, and aiull description of them structure, 
physiology, anil nutriti^i "may be found in any 
handbook. What has been ascertained about 
their social organisation cannot but stimulate 
bur desire to Team more, for the industry of 
ants is not only incessant, it is of amazing range 
and variety, comparable only to the organised 
activity of a human community. 

The ants that keep herds of aphides, tending 
them with the utmost care, and milking them 
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A SERIES OF PHOTOGRAPHS SHOWING THE EMERGENCE OF^HE DRAGON-FLY FROM ITS NYMPH 

Id ^ first of these remarkable photographs we see the nymph craavllng along the bottom of the stream. When ready 
10. change into Ita imago, stage this nymnh climbs up a stalk into the air and in a few moments there emerges the 
dragon-fly, which flies off as soon as the sun has dried its gorgeous wings. 

From photognpbi by irt. J. J. Ward 
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of that sugary fluid beloved of ants, are more nightmare can exceed in 4iorror the fate incurred 
than mere herdsmen or cowboys ; they are skilful by that hapless insect. The monster, lurking 
stock-breeders. Every autumn they carefully below with wide-set eyes, flings showers of sand 
collect the eggs of aphides, storing them in the upon its victim, till it brings it within reach 
ant-hill through the winter, and when the larvae of its cruel jaws. 

are hatched in March they take the little things It is pleasant to turn from contemplating the 
and place them on the appropriate food- murderous proceedings of insects like these to 
plant, to be milked in due course when they enjoy the beauty of the Lepidoptera — the butter- 
reach the adult s^age. Well may Lord Avebury flics and moths—which, if as larva) they exact 

a heavy tribute of living 
vegetable tissue, amply 
repay the debt in the>r 
perfect state by fertilising 
visits to flowers. No 
summer day is at its best 
without the fluttering of 
their jewelled wings. One 
might think that such 
exquisite beauty should 
be their warrant against 
persecution. But Nature 
I : . . . . - , ’ cannot allow caterpillars 

A MAMMAL THAT HAS TAKEN TO THE AIR — A FALSE VAMPIRE BAT tO multiply Unchecked, 

wherefore she has provided 

write of this as “ a case of prudence unexampled a special constabulary in the shape of about 
in the animal kingdom.” 6000 species of ichneumon flies, of which some 

Even more remarkable as an example of fore- 1200 species are native to Britain. Most kinds 
sight, involving a mental process indistinguish- of ichneumon flies set abouts. business in a 
able from reason, is the industry of the leaf- singularly repulsive way. The female thrusts 
cutter ant of Central America. A colony of an egg into the body of a caterpillar, cocoon, 
these, having tunnelled a subterranean passage or chrysalis, whence is hatched a maggot that 
for many hundreds of feet from the nest to the gradually eats up the tissues of its host, turns 
tree which they have marked out for stripping, into a pupa, and finally issues as a slender 
s(uid out troops of cutters and carriers, which hymenopterous fly. 

bring tho whole of the loaves into the nest, and Insects, in the' opinion of Mr. David Sharp, 
hand them over to another set of workers. be regarded as tho most successful of all 

These chew tho leaves into pulp and store 
it; the mycelium of a certain fungus begins 
to spread throughout tho mass, which they prune 
carefully to induce it to throw out white nodules, 
instead of the conidia 'and spores which would 
appear if the fungus were left alone. These 
white nodules form the food of the colony. 

Some species, like the European rufescent ant, 
have given up honest work, if indeed they were 
ever capable of it, and live by slave-driving, and 
they have become so dependent on the labour of 
ant slaves that they cannot even clean and 
feed themselves, much less construct their own 
dwellings or rear their young. When deprived 
of tho services of their slaves, these doughty 
warriors quickly perish of starvation. 

A Humble Cannibal. The social ante, 
bees, and wasps among the Hymenoptera, as 
well as the termites (so-called white ants) among 
the Neuroptora, are passive in the care of nurses 
(luring their larval and pupal stages ; it is 
strange, therefore, to find that one of the 
deadliest insect enemies of ants is the larva of 
a neuropterous fly, the fly itself being perfectfy the wiiiTR-HEiftJED sea-eaolb 

harmless to them. This formidable larva, whioh 

is popularly known as the «|pt lion, marks out the forms of terrestrial life, but very few of 
with its body a circle in dry sand, within which them find water a congenial home. It is true 

it digs a pitfall, throwing out tho sand by that very many flying insects pass their larval 

jerking its broad head, ft then biv:ies itself stages in shallow, fresh water ; and the meta- 

at the bottom of the trap and waits until an morphosis from a water- breathing larva to an 

ant, hurrying along on business intent, tres- air-breathing insect is one of the most remark- 
passes on the shifting slope of the pit. No able processes in Nature, being instantaneous. 
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First Signs of the Vertebral Column. 

Of all the. myriad forms of life with which 
,the ocean swarms, only very few kinds of 
insecto succeeded in establishing themselves 
therein ; but their absence is amply balanced 
.by innumerable species of crustaceans, some of 
which people the waters of Polar seas as densely 
as swarms of locusts do the air. It is in the 
sea, moreover, that Ascidians, or sea squirts, 
and their allies abound, presenting the first hint 
of a backbone in the shape of what is termed* 
a notochord. They appear to be an intermediate 
form, possibly degenerate, but perhaps only 
arrested, between the worms, or other type of 
invertebrate animal, and the vertebrates. One 
of the most remarkable forms of marine life is 
the balanoglossus, which studs the sand with 
worm-like castings. Nothing could bo less sug- 
gestive of a backboned animal than these slimy 
creatures which most people would assume to 
be a kind of marine earthworm. Yet in these 


to the inventions of man. Most species take 
their prey }* huntine ; others are adept anglem, 
notably the king of the herrings, or bar-fish, 
that mysterious denizen of abysmal ocean which 
there is reason to identify with the sea-serpent. 
The ventral fins of this great fish, situated close 
under the throat, are each reduced to a single, 
long, and flexible ray tipped with an attractive 
crimson tag, and with these rods and baits 
Regaleous — to give the crcnfturo its itcientifio 
name-lures small fry within reach of a pair 
of serviceable jaws. The angler or fishing frog 
—the “wide-gab** of Scottish fishermen— buries 
its huge carcase in the ooze and lies in wait 
for fishes attract^ by the baits displayed on 
its long dorsal ram Then there is the archer 
fish, Toxotes jaoulator, of Oriental rivers, which 
aims jets of water at insects on the bank, or on 
overhanging foliage, with such true aim fw 
seldom to miss the mark. The invention by 
man of the electric battery has been anticipated 



A COLONY OF BEAVERS ENGAGED IN BCILDING A DAM 


Hemichordata, so called because a notochord 
extends for half their length, must be recognised 
a direct descendant of extinct ancestors from 
which all the vertebrates trace their lineage. 

The Firat Vertebrates. Passing them 
by, we come to the fishes, earliest of all animals 
to develop a vertebral column, with its indis- 
t^nsable supplement— a skull No class of 
living creature is so generally carnivorous as the 
fishes are. Very few species content themselves 
with vegetable fare. I^om the lustrous salmon, 
ideally modelled for swift energy, to the hideous 
and sluggish angler or fishing frog, nearly all 
spend their lives in hunting or being hunted to 
the death. The blue shark, with its terrible 
armature of cutting teeth, and the still laiver 
and more formidable Rondeletfs shark, diner 
from the trout and minnows of the babbling 
brooks only in the relative size of their victims. 
; Low as fishes rank in the scale of vertebrate, 
some exhibit in their habits striking analogies 


in three genera of fishes — the electric rays in 
both the Atlantic and Pacific Oceans, the 
electric catfish of African rivers, and the still 
more formidable gymnotus of the Orinoco, 
all of which employ this marvellous force 
at will, whether in self-defence or for the pur- 
pose of disabling or killing their prey. 

Domesticated Fishes. Although the 
majority of fishes bring the cares of reproduc- 
tion to a close with the act of spawning, many 
species have developed traits of higher intelli- 
gence by sedulous attention to nest- building, 
incubation, and attention to the fry when 
hatched. The pretty little gunnel, or butter- 
fish, of the British coasts and the common 
stickleback of brqpks and ponds are well-known 
exponents of domestic virtue, and among exotic 
fishes may be mentioned the huge Australian 
barramuada, some of the catfishes, the South 
African lepidosiren, the North American bowfin, 
and the fresh-water bass. 
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The Disappearing Amphibian, from 
the fishes, or at least from fisl^like, water* 
breathing ancestors with fins and internal ^lls, 
were derived in a remote age the amphibians, 
provided with four limbs and external gills, 
either temporary or permanent, as well as in- 
ternal lungs, and these in turn were the pro- 
genitors of the reptiles. Both these classes have 
fallen upon evil times ; our globe is no longer 
the congenial hoiite it was for animals with their 
special requirements, and their modem repre- 
sentatives have dwindled from their pristine 
importance. Many races of amphibians have 
disappeared ; those that remain — ^frogs, toads, 
newts, and tlic like— desorvei more than passing 
regard, for among their ancestry of the Car- 
boniferous Age we recognise the earliest appear- 
ance on earth of four-footed creatures with live- 
fingered limbs, a structural design appropriated 
latS for the higher mammals, including man. 

The Diminishing Reptile. By imper- 
ceptible stages the amphibians pass into the 
class of reptiles — the only cold-blooded animals 
breathing by lungs alone. These likewise have 
been forced by changing terrestrial conditions 
to surrender the supremacy they enjoyed when 
the world was still young ; for although croco- 
diles and pythons yet make a respectable 
appearance in the Eastern hemisphere, and 
alligators and anacondas retain their places in 
America, they are all mere dwarfs compared 
with the ponderous dinosaurs which dominated 
the Mezozoic land. 

The iguanodon of the Wealdon Clay was an 
enormous lizard some thirty or forty feet long, 
walking on its hind legs in a posture as nearly 
erect as was consistent with carrying a long and 
heavy tail clear of the ooze. Fortunately for the 
prospects of man, iguanodons were starved or 
frozen to extinction before the freedom of their 
five-fingered hands could stimulate their brains 
to a sense of the possible destiny of their race ; 
and nowadays the only existing reptile that is 
known to resort to biped locomotion is. the 
Australian frilled lizard, a strange little being 
that tries to frighten away assailants by making 
hideous grimaces at them. 

Conversation Between Animals. 

Anybody who has closely observed the behaviour 
of animals among themselves can scarcely doubt 
that they are able to communicate with each 
other, if not by uttered sound, then by some 
other recognised code of intercourse. That 
human beings are either deaf to their conversa- 
tion, or, hearing the sound thereof, possess no 
key to interpret it, proves nothing; for our 
auditory chamber is sensitive to but a limited 
range of sound. There are many persons who 
have never heard so high a note as the squeak 
of a bat. Depend upon it, the sounds we hear 
wild animals utter, and many that they utter 
which we do not hear, are uot^ero noise ; they 
are charged with significance. 

The pageant has not been altogether silent 
up to this point; crocodiles grunt gr bark, 
frogs croak, many fishes possess and exeroise 
sound-producing organs ; but not hitherto has 
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it been enlivened by a single note of music. 
With the advent of the birds, however, the air 
soon becomes vocal ; not very musical at first, 
for birds are but modified reptiles, and long ages 
had to elapse before they could bring themselves 
to discard teeth. 

The RemarKable Advance from 
Reptile to Bird. Systematists hold that the 
modification of reptiles into birds bridged a 
narrower gap than that dividing any other two 
‘ classes of vertebrate animals ; nevertheless, the 
change from cold-blooded creatures to those which, 
like birds, have a blood-temperature several 
degrees higher than that of man is a remarkable 
one. Certain it is that no class of creatures 
presents a more varied or more attractive 
subject for observation than do the birds. No 
animals exceed some of them in devotion to 
their young, or exhibit more dauntless courag(‘ 
in defending them. Intrepid human huntc^rr. 
go far afield to match themselves against big 
game, but where is the sportsman who will 
venture unarmed to encounter a creature 112 
times his own bulk ? Yet a cock partridge, 
which flew at a friend of mini^, continued to 
peck violently at his boot until tlio mother bird 
had collected her brood and led them to safety. 

The Protective Colouring of Birds. 
The colouring of birds commands admiration, 
not only for its range between the sable of the 
raven and the spotless candour of the swan, 
with every conceivable combination of iridescent 
or pigmentary hues, but also for the beauty 
and structural complexity of the plumage oi^ 
which it is displayed. One may see yon fellow 
cleaning out his pipe with the tail-feather of a 
pigeon or the pen-feather of a gull, without 
bestowing a thought on the delicate adjustment 
of interlocking hooks that unite the fibres into 
a firm, elastic web. 

Except among the falcons and hawks, the 
male usually has the advantage in size and 
brilliancy of plumage. The office of incubation 
being generally discharged by the female, it is 
important for her safety that lier colouring 
should assimilate to her immediate environment. 
So closely do these correspond that it is com- 
monly the bright eye of a sitting grouse, par- 
tridge, or ptarmigan that betrays the nest to 
a passer-by. In some families, however, the male 
bird takes exclusive charge of the nursery, and 
dresses for the part. Thus in the Ecleotus genus 
of parrots, inhabiting the Moluccas and the 
Solomon Archipelago, the females are usually 
attired in gorgeous scarlet. They lay their eggs, 
and, leaving their mates to hatch them, fly 
away to disport themselves in their tine raiment. 
The dutiful husbands, on the other hand, wear 
protective green plumage, nicely matching the 
foliage round the nest, it may further be men- 
tion^ .l^at in • this genus the disparity of the 
sexes is- so extraordinary that they were at first 
classed as belonging to separate species. 

Mammals — the Highest Vertebrates. 

We have loitered so long on the upward course of 
our pageant as to leave little time for noticing 
the highest group of vertebrate animals— 



QIIOUP' I^NATURAL HISTOKV 

namely, mammals, or creatures which suckle working destruction for centuries upon these 

their young through teats, or exceptionally, as marine herds, there still roams in the sea the 

in that strange egg;laying mammal the duck- most gigantic of ’^ living animals- Sibbald’s 

billed platypus, which nourish their young in rorqual, or blue whale, attaining a length oif 

a mammary pouch. The link connecting mam- upwards of 85 feet. Larger creatures than this 

mals with the reptilian vertebrates still awaits have trod the earth in the past— diplodocus 

elucidation, although Professor Seeley has Carnegii, for instance, which, from nose to 

shown how closely the dentition of the fossil tail- tip, measured 120 feet— but none has ever 
Theriodonts, an extinct group of large reptiles, equalled the rorqual in bulk, 

approaches the characteristic specialisation of By a remarkable coincidence, the two creatures 
mammalian teeth. which were the last to own the supremacy of 

In proportion as living organisms rise in the man are respectively the largest and well-nigh 

scalp .of being do they part w'ith their plasticity, the smallest that have come under liis dominion 

yet no class of * animal has shown greater adapt- • — namely, Sibbald’s rorqual and the pestiferous 

ability to environment than has the mammalian, mosquito. The rorqual was the only animal in 

Every acre of land capable of yielding vegetable the world which ho man, not even the most 

food, and thousands of square miles, especially intrepid whaler from Dundee or Bergen, dared 

in Polar regions, which yield none, have been to attack, until the invention a few years ago of 

peopled by warm-blooded, more or less hairy, bomb-harpoons fired from a gun. But now thjs 
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quadrupeds ; although man, the highest mammal, 
has exterminated some species and greatly 
reduced the multitude of others. 

Mammals that are Driven to the Air 
and Ocean. So rapidly did mammals increase, 
when they obtained a footing on the earth, that 
the land proved incapable of sustaining them ail. 
A branch of the Inscctivora — that great order of 
which the hedgehog, the mole, and the shrew- 
mouse are British representatives — being in 
danger of being crowded out, took to themselves 
wings and founded a new order— (^hiroptera, or 
bats — ^whioh subsist by aerial hunting. The 
ocean would* seem a most unsuitabm home 
for creatures unable to inhale the free oxygen in 
water, yet it onoe swarmed with enormous 
iiiammals---whales, walrus, dolphins, porpoises, 
Jieals; and even now, after men have been 


giant of the deep is hunted as diligently as any 
other whale, and its extinction may not be far 
off, for whales reproduce themselves very slowly. 
The mighty rorqual never did injury to the 
human race ; the slenderest antelope could not 
bo more innocent of offence ; but the other 
creature which set man longest at defiance — 
the malarial mosquito — is accountable for more 
human mortality and suffering than all the beasts 
of prey that ever roamed the world, but is now 
being ruthlessly stamped out. 

By those crowning examples of the supremacy 
of mind over matter, the ascendancy of man 
over his follow-dSnizens of the globe has been 
raised to the highest pitch hitherto attained, and 
with thgm the pageant of life, as now revealed 
to m, may be brought to a fitting close. 

HERBERT MAXWELL 
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* ir^ < . r-r : 

Principles of the Ti^ansformer. Ratio of Transformation. Magnet- 
ising Currents. Types of Transformer. Insulation. Ventilation. 

THE TRANSFORMER 

Alternating Currents can be Trans* done) to give out its currents on the secondary 

formed. Among, the properties of alternating side at the low pressure of 60 volts, how 

currents is the facility with which they can many amperes will there be ? Clearly, if 

be transformed from one voltage to another. the product is to be a little less than 20,000 

Currents generated or transmitted at a and one of the two factors is 60, the other 

high voltage can be transformed down to a low factor — the amperes — will be a little less than 

voltage, or those generated at a low voltage 400. In fact, if the transformer has an efficiency 

can be readily transformed up to a high voltage ; of 98 J per cent., the secondary output will be 

and all this without having recourse to any 394 amperes. Or, putting it the other way 

revolving machinery, provided the currents are round, if we want to get out 400 amperes at 

themselves of the alternating kind. Currents 60 volts, the current we shall have to put in at 

df tko continuous kind cannot be so transformed the primary side at 1 ,000 volts will bo just a little 

without the employment of revolving machinery more than 20 amperes— namely, 20-3 amperes, 

with commutators. The stationary apparatus the extra 0*3 ampere being the amount to make 

for transforming alternating currents is termed up a IJ per cent. loss. 

«v transformer. Ratio of Transformation. We see. 

Energy Relations in Transforma- then, that wo can get out at one side of a 

tion. It was pointed out, in page 232, that transformer more current than wo put in at the 

the power of any electric current is always other, provided we arrange to take it out at a 

the product of two factors, the volts and the lowered pressure. This is just as truly in accord- 

amperes, and the product of the volts and anco with first principles as is the action of a 

amperes was called the number of watts, 1,000 ‘ lover. A man by pressing on the long end of 

watts being called one kilowatt. Now, in any a pivoted lever can exert ten times as great 

transformation it is impossible to get more power a force at the other end, provided the fulcrum 

out of the apparatus than is put into it ; in is so arranged that while he moves his hand 

fact, as there is always a slight loss due to resist- downwards through an inch the load at the other 

anco, etc., the efficiency of even the best trans- end is raised only A in. In a lever, whatever is 

forming apparatus is less than 100 per cent. gained in force is lost proportionally in range. 

In an elootric transformer power is put into and so the energy given out at one end is equal 

the apparatus at one side — called the primary — save for a small friction loss — to the energy 

side — and an equal amount (save for the small that is put in at the other. 

percentage of loss) is taken out at the secondary So in the electric transformer, whatever the 
side. Suppose a case where, at the primary side, proportion between the two voltages, that 

20 amperes are being supplied at 1,000 volts ; between the amperages is practically the inverse, 

then, supposing that the volts and amperes The ratio between the two voltages is called the 

are in phase [see page 1289] with one another, ratio of transformation. In the above example, 

there is power going in at the rate of 20 x 1,000 where the primary voltage was 1,000 and the 

= 20,000 watts, or 20 kilowatts. secondary voltage was 50, the ratio of transfor- 

On the secondary side, the power given out mat ion was 1 : 20 ; and the ratio of the 

will be practically the same — that is to say, the currents was practically 20 : 1 — thcit is, 400 

product of the secondary amperes and volts will secondaVy amperes to 20 primary amperes, 

be just a little less than 20,000 watts. Suppose Principle of the Transformer. Like 
that the transformer is the dynamo and 
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traBBfonner has developed fr6m Faraday’s 
olassical apparatus. In fact, in its elementary 
form, as an iron ring interlinking itself with 
two copper wire coils (the original form con- 
structed by Faraday), it has been already 
described and depicted [see 48 , page 888 ]• 

Referring back 
to 48 , the ring, 
with its two 
independent in- 
sulated coils A 
and B, let us 
consider what 
happens in it 
when the prim- 
ary coil A, 
instead of 
receiving an in- 
terrupted bat- 
tery current, 
receives an alter- 111. core type transformer 
naiing current, sandwiched coils 
such as was 

described in the chapter on the alternator [page 
1284]. The alternating current, flowing round 
the coil A, will obviously create in the iron core 
an alternating magnetic flux. That is, there 
will bo sot up in the iron ring a magnetic flux, 
the path of which is a closed path within the iron 
of the ring ; and this flux will increase in value to 
a maximum, will then die away, will reverse 
in direction, and grow to a negative maximum, 
and will again die away, repeating this cycle 
of operations exactly as often as the current 
that produces it goes through its round of opera- 
tions. If the primary current has a frequency 
of 50 cycles per second, the alternating flux will 
alternate with the same frequency. 

Now this alternating flux interlinks itself with 
the secondary circuit B, and will therefore 
by its variations induce in the windings of that 
coil an electromotive force proportional to the 
intensity of the magnetio changes, and therefore 
also of the same frequency as the magnetism. 

We see, then, that by means of a purely 
magnetic mechanism — viz., interlinkage with the 
magnetic lineft of an iron core — the alternating 
voltage which is applied to the terminals of 
the primary coil A is reproduced automatically 
as another alternating voltage at the terminals 
of the secondary coil B ; and yet there is 
never any electrical connection whatever between 
the two windings. 

Automatic Operation of Trans- 
former. The transformer is automatic in 
another sense also. Even if the secondary 
circuit be left open, so that no current flows 
in it, there will be‘a voltage induced in it by the 
alternating flux interlinked with it. When the 
secondary coil is thus on open circuit, the current 
that flows into the primary coil from the alter- 
nating mains will bo merely a magnetising 
current, of small amount, and will bo practically 
a wattless current [page 1290], as the amount of 
energy lost in magnetising is trifling. What, 
then, will happen if the secondary circuit be 
closed through a resistance ? In that case 
there will ^be a secondary current, and it will give 


out power and heat the resistance through which 
it flows. TJis power must come fromsomewhere, 
and the only way from which it can come is 
through the primary circuit by more current 
flowing in from the mains. If this were not so, 
ve should have — what is impossible — a creation 
of energy out of nothing. So as we draw current 
from the secondary side, and the more we draw, 
BO, automatically, does more and more current 
flow into the primaiy side fr<hn the mains. 

Magnetising Current. As the whole 
operation of the transformer depends on the 
magnetism of the iron core, which, with its 
alternating flux induces the voltage in the 
secondary, it is clear that even when no current 
is being drawn from the secondary, a current 
must still flow in from the primary mains 
to keep the secondary circuit “ alive.” This 
magnetising current at no-load will, how^vetf 
be a relatively small current, because, as thouron 
core is constructed as a closed circuit without 
gaps, a comparatively few ampere-turns will 
suffice to create the magnetic flux. Thus, for 
example, a 20-kilowatt transformer, which, when 
supplied from mains at 1,000 volts, took at 
full load a current of 20*3 amperes, was found 
at no-load to take the insigqiflcant magnetising 
current of 0*28 amperes. 

Ratio of Windings. We have seen 
that transformers work with some definite ratio 
between the primary voltage of the supply 
mains and the secondary voltage at which they 
give out their current, and that this ratio was 
called the ratio of transformation. Now, this 
ratio has nothing to do with the size of the 
transformer, but depends only on the relative 
numbers of turns in the two windings on the 
core. It is, in brief, the same as the ratio of 
the windings. If we require a transformer to 
transform down the voltage from, say, 1,000 
volts on the primary side to 50 volts on the 
secondary side — that is, in the proportion of 20 
to 1 — then the number of turns in the primary 
winding must bo 20 times as great as the number 
of turns in the secondary winding. For a 
stop-down transformer the primary will have 
more turns than the secondary. For a step-up 
transformer the secondary will require more 
turns than the primary. 

We see this rule even in the case of the induc- 
tion coils used for procuring spark discharges. 
The primary source is a battery of a few volts, 
while to produce a spark in the secondary 
circuit needs the generation of thousancis 
of volts. Hence, the primary winding consists 
of one layer only of thick wire, while the 
secondary winding consists of a very fine wire 
with hundreds of thousands of turns. 

If a transformer were made with an equal 
number of turns in its two coils, it would 
transform neither up nor down : the secondary 
voltage would be the same as the primary 
voltage, and the ratio of transformation would 
be I to 1. 

The rule for transformation ratio may bo 
stated ig symbols. If be the number of 
spifals or turns in the primary winding, and 
Sg the number of turns in the secondary 
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winding, Ej the voltage induced in the primaiy 
(practically equal to the applied primfpy voltage <9 
4ary volt- 
age, then the proportion that exists is simply: 

Eo _ S3 

El s;* 

and as the currents are inversely proportional 
to the voltages, it follows that the primary and 
secondary currently C, and C3 (or as sometimes 
written and Ig) will be connected by the rule 

^2 

“62 -“ST- 

As a matter of fact, the actual primary current 
will, as already indicated, be always slightly 
greater than the value of Ci, as calculated by 
this rule, because allowance must always be made 
for the existence of the magnetising current. 

^ Magnetising Ampere-Turns Needed. 
Attention was drawn on page 1012 to the concep- 
tion of the magnetic circuit, and an example was 
there given of the way of calculating how many 
ampere-turns are needed to 
excite the required maraetism 
in a given case. Now, the case 
of transformers is even simpler, 
because in its magnetic circuit 
there are no; gaps and the cross- 
section of iron in its core is 
uniform throughout. Experience 
shows that it was not wise (if 
waste of energy in the iron is to 
be avoided) to force the flux- 
density in the cores of trans- 
formers beyond a moderate 
value. As an average figure, 
therefore, a flux density of 35,(MX) 
magnetic lines per square inch 
may be assumed. ' 

Now, taking good sheet iron 
or mild steel, such as is used 
in building the cores of trans- 
formers, we may say that ex- 
perience shows that this flux- 
density will be attained if we 
provide an excitation of three 
ampere-turns per inch length of core. Suppose 
that the core of our transformer had a mean 
length of 6() inches along the magnetic path, then 
an excitation of 180 ampere-tums would be 
about right for it. And if the primary coil had, 
for example, 1500 'Hums, then the magnetising 
current (at no-load) would be 180 -f- 1600 = 
0*12 amperes. We have given three ampere- 
tums per inch as an average figure. A more 
accurate estimate can be got by the following rule. 
The ampere-tums per inch that are ne<^ed will be 
1*2 -f. (B -i- 14000), 

whore B stands for the number of lines per 
square inch of flux-density. The best kinds of 
transformer iron — ^for example, the British 
quality known as Sankey’s ** stalloy ’’—will re- 
quire even fewer ampere-tuniS per inch than this. 

Joints in the Magnetic Circuit. To 
keep down the magnetising current Jbo a low 
value, as is necessary if the transformer is to be 
of high effloiency, not only must the iron be of 
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good* quality, •but all joints and gaps in the 
oirbuit must be avoidea, because more ampere- 
tums are needed (as explained on page 1012), 
to drive the magnetic lines across air than to 
drive them through iron. Hence, in the con- 
struction of transformer cores it is usual to 
obviate b\\ joints by interleaving the iron 
plates by making them overlap at the comers, 
as shown in 108. 

Forma of Tranaformora. The practical 
transformer of today differs in many respects 
from the primitive ring of Faraday. The 
core is not solid, and is not ring-shaped. If 
it were solid it would grow hot by reason of 
par^itic eddy-currents induced in the cross- 
section of the iron, and these currents would 
waste some of the energy. If it were ring- 
shaped the coils would have to be threaded on 
by hand, and not wound on a lathe. So, 
instead, the cores are built up of strips of sheet 
iron or mild steel about 13 or 14 mils thick 
(that is, from 0-013 to 0-014 inch). Fig. 109 
shows a very usual shape of 
core built up of strips of sheet 
iron which are assembled so as 
to overlap alternately at their 
corners. To insulate the strips 
lightly from one another it is 
usual to paste a thin layer of 
paper on one side of each strip. 
The coils are wound on bobbins 
or formers ; and it is easy with 
this construction to slip the coils 
upon the two vertical limbs 
when the core has been partially 
built up. 

Again, reference to Faraday’s 
ring (43, on page 888) will show' 
that in this primitive form the 
primary coils A were all wound 
on one side, and the secondary 
coils B on the other side of the 
core. But*it is found that this 
arrangement is not satisfactory 
if the transformer is to give good 
voltage regulation, as it leads 
to leakage of magnetic lines between the two 
windings. It is necessary to keep the two sets 
of windings as near together as possible, in 
order that as far as possible aU the magnetic 
lines generated by the coils A may thread 
themselves through the coil B, and vice verad. 
So, therefore, it is usual to put half of the A 
coils on each limb, and half of the B coils on 
each limb. This is done either by arranging 
them concentrically, as in 110, or else by wind- 
ing them in sections, and then sandwiching the 
sections of the A coils between those of the B 
coils, as in 111. Fig. 112 shows a type which is 
made by the Westingbpuse Company, and has 
come into extensive and successful use. 

Shell Type. As the essential thing in a 
transformer is that the two coils shall both 
surround a common core of iron, there are many 
possible tyjM of construction. The rectangular 
form described above is commonly spoken of as 
the core type ; but there is another frequent form, 
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known as the aheU type^ in which a Jarge pdrtion of 
the iron is outside the copper coils. Figs. 113 
and 114 belong to the shell type. The lamina- 
tions appropriate to the former figure are rect- 
angular, with two openings, as in 115, to admit 
of the coils, the laminations being themselves 
built up of strips or sheet stampings which admit 
of their being put together around the coils. A 
more recent form is that of Berry, depicted in 
116, in which the coils are cylindrical and con- 
centric, with the cores built up of strips of iron 
of several widths, in bundles, affording ventilating 
channels in the interspaces and requiring a 
minimum section of iron. - 
Insulation of Transformers. Inasmuch 
as one side of a transformer is invariably at a 
high voltage, the question of insulating the 
coils must be very carefully attended to, 
especially as, in order to get a good voltage 
regulation, the primary and secondary coils are 
sandwiched, thus further increasing the prox- 
imity between the two sets of coils. Each 
maker has his own rules in the matter of insula- 
tion, but the 
general p r a c- 
tice may be 
stated as fol- 
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Heating of Transformers and other 
Electrical Apparatus. On seeing any piece 
of electrioal^apparatus, wo are inclined to ask : 
“ How are we to know the limit to its capacity 
for transforming electrical to mechanical energy, 
or electrical energy to electrical energy at a 
different voltage, (is the case may bo ? ’* Now, 
in all apparatus used for converting energy a 
certain loss of useful energy results. Tliis 
energy appears in the fon)j of heat, and in 
electrical apparatus the capacity for transforma- 
tion is limited by the maximum temperature 
to which wo may allow the apparatus to be raised 
by this spontaneous liberation of lieat. The loss 
of energy in electrical apparatus may be divided 
under two heads— namely, that in the copper 
conductors which carry the electricity and that 
in the iron core which carries the magnetism. 
Tho first of these losses may be estimated from 
the rules already given in the chapters bogiigiing 
on pages 220 and (>.‘1.5. and the second has been 
commented on in tho present chapter. 

Tile further point, however, for us to notice 
here is that the copper loss is going on only 
when the apparatus is loaded, and that its value 
doperuis upon tho value of the load, while the 
iron loss is taking place all tho time tho appara- 
tus is at work, whether it is loaded 
or not — that is, all the while it is 
“alive,” and is therefore inde- 
pendent of tho nature of tlie load. 
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lows. For coils in which wire is used, the wire 
is doubly and often trebly covered with cotton 
and varnished with a good, hard-drying Varnish 
once or twice after it is w^ound. For coils wound 
with strips, the strips may bo wrapped with 
cotton tape or even manila paper if the coils are 
circnlar, and tho whole is dipped in varnish and 
dried as before. 

Before beirig placed on the limbs of tho trans- 
former, each coil is separately taped with cotton 
impregnated with bitumen or rubber, in order 
to instate the coil as a whole from its neighbour. 
In cases of extra high voltages, this last is 
insufficient, and micanite rings and bushes are 
inserted between the coils, or they are held 
mechanically apart , to a distance of, say, one- 
^ghth or t^ee-sixteenths of an inch by ebonite 
or hard fibre distance-pieces. The lea^ which 
bring the primaiy currents to and from the coils 
should be extra heavilv insulated, and tho 
supports for the terminals should be of a very 
substantial character. 


In transformers tho proportioning of these 
losses requires great consideration, for wo have 
tho iron losses going on night and day, because 
the mains must be kept alive, while the copper 
losses only occur for a few hours in the evening, 
while tho load is on. Tho question of reducing 
tho losses which are constantly taking place in 
large systems of high-pressure alternating current 
distribution has received a great deal of atten- 
tion, and both the Berry and the Westinghouse 
Companies have developed switching arrange- 
ments whereby it is possible to use a small trans- 
former in connection with a much larger one. 
At periods of light load the small transformer, 
with its small losses, supplies the energy, the 
large transfornler being cut out of circuit. When 
the demand becomes too great for the small 
transformer, the darger one is automatically 
switched into circuit again. In this way the 
losses can be very materially reduced. 

Iq ord^ to increase the capacity of a piece of 
apparatus of given size, two things are possible — 
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narnely, to reduce the losses which take pl&ce 
and to ventilate it more thoroughly, so that the 
heat is carried away more quickly. 

Ventilation of Transformers. We have 
seen the provisions made for ventilating dynamos, 
how the armature is built up with spaces to allow 
a circulation of air through the 
inmost parts of the machine. 

With transformers this question 
is of greater impoftance. In small 
sizes, it is sufficient to allow the 
surrounding air to cool them if 
ample provision has been made for 
its free access among the coils and 
core by suitable spacings. Fig. 117 
shows a typical section of a trans- 
former core and the arrangements 
for circulation of the air between 
^he straight line outline of the core 
andtthe inside of the circular core. 

With large sizes, however, these 
arrangements are not sufficient, 
and it becomes necessary to cool 
the coils artificially. 

For this there are two methods 
at present in vogue. In both of 
these the transformer is erected in 
a closed case, and in the first, drv 4 , 


Th^ 6nly otjjer formula necessary is that for 
the electro-motive force, which may be written in 
the following equation : 

El « 4-4 X / X Si X N -4- 10«, 
for it is now a matter of simple algebra to deduce 
the actual values of N and Cj S, as follows ; 


C,S, = 


Kw X 10“ 
PiTx/ xV 

f X 10^1 X ' 


! and N: /Kw x lP_x Y 

I V 4*4 X / 

As an example, take the case of 
j a 100-kw transformer, oil-cooled, 

. transforming from 6000 to 600 
1 volts at 60 cycles per second. 

A suitable value of Y, the flux 
factor, is 90, and so, by the equa- 
tions given, we have 

n G _ / 100 X 10“ 

V 4-4 X 60 X 90 

22,400, about ; 

, . , /iM Too X 10“ 
and N = . / — -tta — 

V 4’4 X 60 

= about 2,000,000 lines. 

The rest of the design consists 
simply of making a core large 
j enough to carry the two million 


a clewed case, and m the first, dry I'O envelop the coils, 

air, free from dust, is blown by ‘ which must be of sufficient size to 


fans through the apparatus ; while in the second 
method the case is filled with a suitable oil 
which enters into all the corners and nooks, 
and, by its automatic circulation when heated 
by the waste energy, conducts the heat to the 
case, from the large exposed surface of which it 
is more easily radiated. In very large sizes even 
this is not sufficient, and the oil is cooled by 
leading through it pipes through which cold 
water is made to circulate. 

The Design of Transformers. There are 
two. main features of a transformer which we may 
vary, and these are the core and the coils. We 
may have a large core and only 
a few turns of wire around it, 
or vice fersd. 

Practice in transformer de- ^ 
sign has, however, now settled f 
down, and the happy medium / 
which has been evolved l)e- u 
tween these two factors is K 
now well understood. The K 
size of core may be repre- | 

A sented by N, the total flux it I , _ , 

has to cany and the size of \ 

coil by the ampere-turns at full 

load, written CiS, or CgS.,. \ ^ 

Now the ratio for the^ two ^ 

N 

quantities, that is, j™- is 

known as the flux factor (Y), 
and for ordinary small size f ^tion o; 

transformers (core cooled provision foi 
natural draught, the flu/ factor is between 
and 70. For artificial cooling of trans- 
formers, the flux factor is somewhs^ higher, 
varying between 90 and 120 as the vol^ges 
become bigger. 


117. SECTION OF CORE SHOWING 
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carry the respective currents without overheating. 

Autotranaformera. Transformers are 
sometimes used which have only one winding. 
These are called autotransformers. 

If a coil having, say, 40 turns is wound on an 
iron core, and applied to mains which supply 
alternating current at a pressure of, say, 200 
volts, then, assuming one end of the coil to be at 
zero, the other end will be at 200 volts. The 
voltage per turn will therefore be 6 volts. So, 
if a tapping is taken off at the middle of the coil 
we can draw current at 100 volts from this point. 
Or, similarly, from a tapping at 10 turns from the 
zero end, current can be 
obtained at 60 volts. The 
current supplied at any tap- 
ping-point will be to the 
current passing into the trans- 
forraerinversefyastho-voltagcs 
\ concerned. Thus, if we take 
— -II n u current at 60 volts, from a 

1) supply at 200, and the current 
I drawn at 50 volts be, say, 12 
Jf amperes, the current that will 
H run into the transformer from 
the mains will be only 3 
.r^ amperes. One quarter of the 

^ coils in that case will carry 9 
amperes, and the other thixo 
_ quarters will carry 3 amperes 

Everu.autotransformer, therc- 
OORE SHOWING niust be designed with 

VENTILATION wires of appropriate thickne s 
to carry the respective ourronts. 

An autotraninormer is reversible ; that is, it can 
be used either for stepping down from a high 
voltage.to a lower or from a low voltage to a higher. 

SILVANUS P. THOMPSON 
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stretching the Hand. Playlhd with Hand ifiivenient. Arpeddio 
Playing. DoubIe<note Passages. Weight Touch. Scale Fingering. 

SCALE PLAYING 


H aving become familiar with the scales, 
taking each hand separately,* we must take 
them next with the hands together in contrary 
motion, thus: 



Passing under Thumb. In learning to 
play the scale the reverse way, ascending with 
right hand and descending with left, begin by 
)Jassing the thumb along under the fingers as 
soon as it is free to leave its key, and so liave it 
“ prepared ” over the fourth note of the scale. 
In placing it on 
F, and the fore- 
finger on G, there 
may be a slight — 
a very slight — 
double lateral movement of the wrist. But this 
must be so very slight as not to disturb the general 
impression of the hand continuing to lie obliquely 
across the keys. In scale playing there is no 
stretching of the fingers ; slight lateral move- 
ments of the wrist and a steady lateral move- 
ment of the arm bring the fingers over the keys. 
But in piano playing, nevertheless, stretches of 
the fingers and hand are sometimes necessary. 
Here, again, the muscular conditions must, as 
far as possible, be those of case — freedom from 
restraint. 

Stretching the Hand. For octaves and 
tenths, etc., wo must lot the stretching be 
gradual and gentle, and so achieve it without 
rigidity, and be able to retain elasticity tf touch. 
Gentle exercises away from the piano, practising 
alternate out-stretching of all the fingers, and 
gentle but complete reclo.siire of the fist, is good 
for this and for the general health of the finger 
and hand muscles. All kinds of easy though 
full-sweeping gymnastics of the hand and arm 
are indeed good for the pianist, provided always 
there is no rigidity. 

The general principles of all such gymnastics 
are these : To use fully one set of muscles, and 
to follow that up by immediately using the 
opposite set, taking care, however, never to use 
vine two opposing set of muscles simultaneously. 
Stretch out the arms and then refold them, 
stretching them at all kinds of different angles 
and altitudes in their relation to the body ; let all 
: the motions be full — go as far as may be in either 
direction, but always gently. Remember to use 



such gymnastics after, never immediately before, 
plying. . 

Octave playing brings us to tiand movement — 
t.r., playing without any movement of the fingers 
relatively to the hand, but with movement of 
the whole hand instead, relatively to the fore- 
arm. 

Playing with Hand Movement.' This 
was, till recently, termed “wrist action.” This 
downward movement of hand at knuckle end 
— hand touch — “need not exceed the distance 
from key-surface to key-bottom” ; but if, ^ in 
the case of finger movement, we play (in slow 
time) with a preliminary lifting of the hand, this 
must be followed by its falling on the keys, thus 
relaxing the up muscles and making key-contact 
without any hitting. In the latter case, we must 
be careful never to think the lifting of the hand, 
but always to “ think key-movement ” instead. 
For if we attend to this upward movement of the 
hand, which is not essential to tone produc- 
tion, but is merely a form of muscular gymnas- 
tics for the freeing of the muscles, we may 
overlook the essential, that feeling of the 
resistance of the keys before and as we 
move them into sound, which is the only way 
of making sure that we get what we want 
from them. 

' Our attention must always be given to the 
making of sound “ by using oiir sense of key- 
rc.sistance, and by listening for the beginning of 
the sound.” In playing 
re|x^ated notes thus : 
we must bear in mind 
that the sound is reached 
before the bottom of the key- bed is reached, and 
that in good pianos with repetition action it is 
even not necessary in very soft passages to let 
the key rise to its highest level beUveen the 
repetitions, and that these, therefore, can bo 
performed with a very slight up and down 
swaying of the key. 

Position of Fingers and Wrist in 
Hand ■ touch. Now note in connection 
with hand-touch, or so-called wrist-touch, 
that : (a) “ The fingers do not move relatively 
to the hand. Fingers should not move during 
key descent, except in finger-touch, (b) The 
normal height of wrist is about level with 
knuckles or slightly lower. This may va^, 
but rapid octaves are found, as a rule, easier 
with the wrist-level slightly higher than the 
normal, (c) The wrist must alternately rise 
and fall, slightly, when a passage requires the 
thumb on alternate black and white keys ; 
wrist lower for black than for white keys, move- 
ment not greater than will suffice to keep elbow 
quiet.” • [Matthay.] 
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ArpeiWlo Playing* Arpeggio playing now 
oaUftioT attention. Arpeggi are the nws of chorda 
played in sucoeseion ; thus in the chord of C: 



and in extended arpeggio passaTOs the thumb, as 
in scales, passes, and is passed by, the fingers. 
The hand, in such passages, must lie still more 
obliquely to the keys than in scale playing. 
Extended arpeggi, in short, are just big-striding 
scales^ and the scale habite here call for slight 
exaggeration. “ The arpeggio,** says Matthay, 
“ in addition to the normally outwardly -turned 
position of wrist (as in the scale), requires slight 
latwal movements of the hand and wrist to 
onlAnce the lateral stretch of the thumb and 
lingers.*’ 

Well oil your wrist, so to speak, by omitting 
all contrary exertions, and gently rest on the 
connecting note. Preserve the oblique line of 
hand to keys even to the extreme ends of key- 
l>oard, following the hand up with a lateral 
movement of the arm. 

The oblique position of hands for single-note 
scales and arpeggi is, as we have seen, one that 
causes a slight turning in of the hands towards 
(he body. 

Double ■ note Passages. For double- 
note passages, on the other hand, it takes 
the form of (a), from the 

centre of keyboard out- ' 

wards, and this other form (h) • 

from extremes of keyboard ^ ^ 

towards the centre. In short, in such passages 
the hand is turned in the direction the scale is 
travelling. All such laterally (t) 

modified positions of the band 
must be assumed and retained ^ 
with the greatest possible ^ 
case — i.e., without any stiffness induced by the 
interference of the contrary muscles. In play- 
ing double-note passages legato^ the connection 
can only be maintained at the cross-over junc- 
tion by one of the two notes. Realise this, and 
r6s| gently on this one note with fifth finger or 
thumb while taking up the new position for 
the next two. And remember to leave the 
fifth finger bendable, as learned in the Daily 
Test. 

* The Three Movemente. We have 
spoken of finger-movemenl (the only movement 
available for a real legato), hand -movement, 
used for rapid double-octave and sixth passages, 
etc. Besioes these*we also require arm-move- 
ment, the movement we use to carry the hand 
and fingers to the keyboard at the beginning 
and end of phrases, and also for slow successions 
of chords and single notes. In approaching 
the keyboard, let the arm gently fall of its own 
weight, but not necessarily of its whole weight. 
Single detached notes are mostly played by the 
arm. • 

So-called ** portamento'* passages, indicited 
by a combine use of the staccato dot and 


the legato slur, thus ^ which we fhid 
frequently in Chopin's music, for instance, and 
which are really a duration emphasis, are 
played invariably by arm-weight and frequently 
by arm-movement. 

Muscular Combinations. We have 
seen that the weight of the arm and the 
exertion of finger or hand, or both, are the 
muscular agencies we use against the key to 
move it. These are our artist’s colotirs—our 
palette. From these, and from combinations 
of these, we get all our effects. Thus, if in 
finger-movement wo eliminate both arm -weight 
and hand-exertion, we get light, prestissimo 
passage playing. If we add hand to finger 
exertion, during finger -movement, we got a 
more robust tone and less speed. If we add 
arm- weight to finger and hand exertion, during 
finger -movement, we get any range of tone the 
instrument can yield, but no more than a 
limited degree of speed. The same thing applies 
to hand-movement. With it, when we wish 
speed rather than tone amount, we eliminate 
arm-weight, and so on. Such combinations do 
not affect agility and tone amount only; they 
must also be most carefully chosen, that we 
may obtain the desired tone qualities. When 
muscular exertion takes the lead and calls on 
arm -weight to follow, the tone is bright and 
rousing. 

Weight Touch. When arm -weight, on 
the other hand, lazily tends to fall, and is, as 
it were, tardily conveyed to the keys by the 
muscular exertion, then the tone, thus more 
gradually induced, has a character which 
betrays its origin and affects us with its inherent 
quality, persuasive, insinuating, stealing upon 
one’s senses unawares. If wo want to soothe 
our audiences with a nocturne, .we can only do 
so by relaxing our own arm-muscles and using 
just as much exertion of finger and hand as will 
convey the impetus of this tone-inducing 
weight to the hammer and to the string through 
the keys ; and the bent and fiat finger attitudes 
respectively help greatly to increase this differ- 
ence in quality. The manner of tone production 
just dq^cribed, Matthay has termed weight 
touch, to distinguish it from all other kinds 
which are started by muscular exertion. These 
muscular combinations are the most important 
of all the Matthay teachings, further details 
of which may be found in his own works. 

Bent and Flat Finger Staccato. 

These different qualities of tone are equally 
available in staccato and in legato. When the 
“ bent ” and “ flat ** finger attitudes arq. em- 
ployed for staccato, they show two different 
kinds of rebounding. The “ bent ” movemait 
of the finger rebounds to the position it held 
before key -movement. ^ The “ flat ” continues 
in the direction in which it is going, as though 
very quickly sliding a threepenny-piece from 
the keys. 

Arm Poaition. We have spoken of 
the normal attitude and varying position 
of fingers and hands and wrists. What is 
the normal position of the arm t A rather 
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outstretched one, not a right, but rather 
an obtuse angle. Not thus, , but rather 

thus, The forearm should either be 

level from elbow to wrist or else dropping a 
little towards elbow, thus : 

The elbow should hang quite free from the 
body and travel freely outwards (sideways) 
when a passage moves to the keyboard 
extremes. 

Do not sit too near the instrument. Sit so that 
the arm at the elbow “is sufficiently forward of 
the body,” and get this 
either as in diagram (a) or 
(6). If bending slightly 
forward, support the 
body well by the waist- 
muscles at your back, 
and in any case breathe 
fully and deeply. 

Mastery of Keyboard* We have treated 
of the several laterally modified positions of the 
hand that must be assumed and retained with 
the greatest possible ease. Now. it is evident, 
as music is not made up of continuous series 
of scales or arpeggio, or five-finger position 
groups or repeated notes, or of octavos or of 
chords, but of endlessly varied combinations of 
such, that the hand must be continually varying 
its position laterally to the keyboard and to 
the forearm, and that an “oily** adaptability 
in this respect is indispensable for successful 
keyboard manipulation. And through dll these 
changes the hand must lie on the keyboard, hanging 
from your forearm, and the finders must thus 
rest on the keys. When wo have tested for 
right muscular conditions, we must forget 
ourselves and our njusclcs, and give all our 
attention to the instrument and the music we 
wish to draw from it. 

Technical Material* The material for 
the study of all these forms of mental muscular 
instrumental expertness may be found in any 
piece we practise, all the difficult passages being 
extracted and used as the stuff of such technics. 
But ample specialised material is to be found 
also in Schmitt’s “Five Finger Exercises,’* 
Beringer’s “ Daily Practice,*’ Camille Sffimaty’s 
“Lo Rhythm des Doigts,** Germer’s “Technics,” 
Czerny’s “Virtuosen Schule,” and the like, to 
which the student may refer if he will. We must 
never begin the muscular practice of such things 
until the mind has mastered the material, its 
musical shape, and keyboard contour. Theo- 
retical study, the study of harmony, of chords, 
passing notes, of form, etc., are necessary for 
this, as without such study the mind has to 
burden itself with too much detail. 

But besides such scrappy technics as have been 
alluded to, it is well to work at some larger forms, 
so-called Studies, in which the constant repetition 
of some technical difficulty given in a partioularr 
figure is made pleasing and musical by the form 
in which it is present^. Such are helpful in the 
matter of endurance. For the study of finger 
facility, nothing better, probably, will ever be 
written than Czerny’s Etudes, which are calcu- 
lated to prevent the formation of such bad 


habits, such hindrances to good results of any 
kind, as key-ted squeezing and the use of down- 
arm force. As agility passages can only be 
played successfully when there is no “ jamming ” 
of the key upon the bottom of the key-bed, such 
studies, properly practised, and the study of 
staccato, form the best tests and preventatives 
against such harmful and unnecessary attempts 
to push the piano through the ^or. 

In Czerny we find an abundance of delightful 
running passages with staccato single notes or 
chord accompaniments, and with every now and 
then detached ff chords on which to try the 
full weight of dur suddenly released arm. For, 
of course, during all these dainty running 
passages we have been supporting the weight of 
the arms with their own “up” muscles ; and not 
only is it delightful now and then to be allowed, 
to relax thus for a moment, but it is essentiallfor 
us as artists to understand and swiftly bring 
about such successions of totally opposite 
muscular conditions as produce such totally 
opposite instrumental results. Light agility pas- 
sages also, needless to say, strengthen the arms, 
since they give them so much work in keeping 
their own weight off the keyboard. Czerny’s 
“ Velocity Studies,” “ SUccato and T^egato,” and 
“ Finger-fertigkeit ” can be recommended. 

Fingering* And now as to fingering. This 
must be derived not merely from the contiguity 
of the notes, but also and chiefly from the mean- 
ing of the music— -its phrasing. Still, there are 
general rules of fingering which we must make 
into habits — rules which are broken whenever 
the phrasing demands it. These rules are: 

(i) Contiguous fingers on contiguous ivories. 

(ii) When ebonies are mixed with ivories it is 

easier, as a rule, and therefore advisable, to leave 
the black keys to the four fingers, and to use 
thumb on white keys by preference. Many 
modern advanced players, for the sake of 
'practice^ take all the five-finger exercises and 
scales in all keys with the same fingering, using 
thumb on black keys and white alike. (iii) 
Groups larger than five contiguous keys arc 
reached in different ways, thus ; (a) by exten- 
sion, (h) by contraction. Or (iv) we get along 
the keyboard by connecting such fingering 
group units by passing the thumb under fingers 
or fingers over thumb. The thumb, which was 
in former times entirely neglected, is used as a 
pivot for fresh finger-groups, and connects them 
by passing under the other four fingers, or letting 
them swing over it as it gently rests on its key. 
We shall notice now that all scales consist of 
two such united finger-groups, these two sufficing 
for each octave. ^ 

Scale Fingering. Normal scale fingering 
we have already learnt. All the major scales 
with sharps are fingered like the scale of C, 
with the exception of those scales that make use 
of all five black kews ; the latter are B, Ff and 
These “ all-black ” keys make use of only 
two white keys. The thumb is used twice in 
each octwve — we must use it on the two white 
keyS — and this settles for us the position of the 
two finger-groups. The black keys are grouped 
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in 1 1 and 1 1 1. Be prepared to um over them 


either two fingers or three, thus s f | or 

The flat scales in right hand are fuigered ^ntli 
thumbs falling always on the white C's and F's. 
In the left hand the fingering of flat scales is 
easy. Till ^ou reach the all-black key they 
all begin with the middle finger, and turn the 
fourth finger ove[^ the thumb to the new flat 
(the flat just added for this particular scale). 
The old-fashioned fingering of F left hand 
was 64321 321, but it is now permitted to 
finger this regularly — t.e., like the other fiat 
sccdes, thus : 3 2 1 4 3 2 1. 

Th^ tonic minors of sharp, scales are fingered 
like the majors, with the following exceptions: 
In the right hand F)( and C$ minor harmonic 
and melodic ; in the left hand At^ minor melodic 
'anc^ E!^ minor harmonic and melodic. The finger- 
ing of these is given below. 

General Principles of Scale Finger* 
ing. The only way really to grasp the 


general principles of scale fingering is to notice 
that (a) there are seven notes to the scale and 
that we have four available fingers, the fifth 
be^ used only at a terminal or at a return]^ 
point ; (6) that we cover the seven notes with 
these two finger groups 1234 12 3—that the 
fourth is used o^y once in each octave, except 
when used as a terminal finger, thus : 



and (c) that the arrangement of these finger- 
groups (the notes on which these two groups 
shall be placed) depends primarily on our habit 
of using the thumb on the ivories rather than on 
the ebonies, and arranging the “ turn over of 
the fingers over the thumb to occur to a black 
key. 

M. KENNEDY FRASER 


IRREGULAR FINGERING OP MINOR SCALES—RIGHT HAND 
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A Survey of the Many Inventions 
Embodied in Modern Textile Machinery 

THE FIRST TEXTILE MACHINES 


T he best introduction to the mechanical side 
of textile industry lies in a short considera- 
tion of the methods used in manufacturing before 
machinery was adopted about 150 years ago. The 
machine makers have improved upon the results 
of manual labour, and have enormously increased 
the output of the worker, although whole 
sequences of intricate machines have to be em- 
ployed to do what was formerly done simply by 
changing the action of the hands. Machinery 
has made textile processes more confusing to 
learners and outsiders, but the problems and the 
principles are the same, whether manual effort 
or machinery is used in performing them. 

A mass of raw material has to be converted 
into fine and uniform threads, and the threads 
have to be crossed and interlaced to form cloth. 
The operation begins with the r(*duction of the 
material to a clean state by tht* removal of foreign 
matter and of undesirable fibres, sometimes fol- 
lowed by the blending of fibres of different 
qualities. Some of these i)rocesses, like the 
sorting of wool, have still to be clone by hand ; 
but only the peasant manufacturers of the? 
Hebrides and of the remot(;r i)arts of Ireland 
now scour their wool by treating a few pounds 
at a time in cooking- pots. Machines have re- 
,placed the willow wands with which cotton used 
to bo beaten to free it from dust, but the name of 
wilhwing applied to a machine process remains 
as evidence of the ancient practice. Fibre's 
have still to be combed, or carded with the object 
of clearing out the portions that are not wanted, 
and of presenting the remainder in a handy form 
for spinning into yam. 

Hand Combing. Probably the comb or 
hackle, somewhat in the form of a rake, is the 
most ancient of tools used in preparing fibre 
for spinning [1]. Its essentials were a head or 
stock to hold the teeth, and a handle with which 
to wield the tool. The combs used for wool 
varied in coarseness of tooth, length of tooth, and 
number of rows of teeth, according to the sort 
of wool in work. Two of the instruments were 
employed at once — one stationary, and called the 
pad cofnb, was fixed to a }X)stv with its teeth 
pointing sideways; the other was worked by 
hand with the teeth downward. The material 
was first lashed across the teeth of the fixed 
comb, and worked adroitly into the teeth of the 
working comb, the refuse or noil being left 
behind. The combs were heated in a pot or 
stove, the wool was oiled so that the fibres 
should slip over each other more rapidly, and 
when fully charged the combs were exchanged, 
the working comb becoming the pad comb and 
vice versd. The process of combing was essenti- 
ally one applied to the long fibres such as were 
spun from the distaff or roeX in times before the 


introduction of the spinning-frame. The comb- 
ings or tops were drawn off the comb by hand, 
and formed into a continuous^j/iVer, composed of 
fibres all of approximately the same length and 
all laid parallel, side by side. 

Hand Carding. The card resembled a 
brush rather than a rake, and had a great number 
of short wire teeth or bristles set at a slope. The 
teeth were inserted one at a time in a fouftdation 
of leather, and this piece of card-clothing, when 
fully finished, was nailed down upon an oblong 
of wood to which was attached a sloping handle. 
The cards [2] were essentially for short-f^recl 
material, and wen^ used in })airs. One having 
teeth sloping away from the worker was fixed at 
a convenient height, teeth uppermost ; and the 
other, with teeth inclined in tho^opposito direc- 
tion, was held in the hand. The material wtis 
worked well down into the teeth of the cards, and 
was removed in a v(*il or film by rolling over 
the teeth a stick furnished with sharp ])oints 
to pick up the carded wool or cotton, and present 
it in the form of a roll of interlocked filaments. 

The Spindle. The oldest and most funda- 
mental spinning appliance is the spindle, to 
which w^as subsequently added the wheel. The 
whc(*l simply gave an improved means of rotat- 
ing the spindle, and facilitated an operation 
that had been carried on from time immemorial. 
The primitive sj)indle was a spike of wood, 
notched at one end to hold the yam during the 
operation of twisting, and weighted near the othcfr 
end with a ring of wood, clay, or metal to lend 
momentum. A twist of combed matc'rial was 
drawn off from the distaff by hand and attached 
to the notch, the sliver being reduced in 
thickness in the act of drawing off. The spindle 
swinging at the end of the drawn sliver was set 
rotating by giving its bob or weight a rub 
between the thigh and the hand. Thus the yam 
was twisted, and when it htul been drawn suffi- 
ciently thin, and been given twist enough to 
make it strong enough for the purpose in view, 
it was wound upon the shaft of the spindle 
between the wHught and the notch, and a fresh 
length was drawn off and spun. Carded material 
drawn from the roll was reduced to what is still 
called a roving, a sort of semi-yarn, and spun in 
the same way. 

Once the universal employment for women, 
spinning required some manual dexterity. The 
actions became almost automatic with practice, 
and could be carried on even on horseback as 
they still are by tribesmen in Central Asia. 
Spindles varied in weight and size with the 
coarseness of the^yam spun, and ranged from 
formidable implements over a foot long down to 
stool pins hardly bigger than a darning-needle, 
or to tiny splints of bamboo. 
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The Spinning Wheel, The wheel intro- 
dnced to dnve the spindle carried a hand or belt, 
which passed round a grooved ring or whorl, at- 
tached to the spindle ; and the wheel was re- 
volved at first by band and later by crank and 
treadle. Wheels were sometimes set to drive 

two spindles so that the in- 

dustrious spinster could con- 
,trol two threads, dne with the- 
right hand and one with the 
Wheel-spinning involved 
the same three operations of 
drawing out the fibre, putting 
‘ I Hill I Wl ^ twist, and winding up 
' ^ H I 'I the completed yarn. 

1. HAKD-COMB About 400 years ago the 
first traces appeared of the 
bn proved wheel which made twisting and 
winding-on simultaneous. The spindle was 
fitted with a flyer [3] and a bobbin, which were 
rotated independently and at different speeds. 

The Flyer* The flyer, first introduced in the 
Brunswick flai& or Utile spinning-wheel, formed 
one of the greatest improvements ever made in 
textile machinery, and flyers are still used at 
one stage or another in all systems of spinning. 
The bobbin (instead of the bare spindle) received 
the yam, and its rotation at a higher speed than 
the flyer gave the yarn its twist. The flyer was a 
piece of light metal or wire with bent legs, fitting 
upon the top of the spindle and astride of the 
bobbin. The roving, drawn by the spinster, 
passed through an eye near the pivot of the flyer, 
was twisted once or twice around a leg of the 
flyer and, by means of hecks or hooks upon the 
leg, was delivered at 
right angles to the 

bobbin so that it could 

be continuously wound. 

^ The system of hecks 
was the clumsiest 
feature of the original 
flyer, and the purpose 
of having several of 

2. HAKD-CAEDS t*"®™ ^own the flyer- 
leg was to obtain 
uniformity of winding-on. The spinster had to 
move the thread at interx^als from heck to heck, 
in order that all parts of the barrel of the bobbin 
should receive their share of yam, and that the 
bobbin should not be much more thickly wound 
in one place than another. 

Drawing Rollers Introduced. Upon the 
W'hoel the drawing, or attenuating, of the sliver 
had to be done by the spinster's hand, and until 
1738 there was no mention of an attempt to 
make rollers do the work. Wyatt, of Birming- 
ham, conceived the idea without bringing it to a 
successful issue, and it remained for -Arkwright 
to make drawing by rollers a practical success. 

The princii>le is simple, its working in- 
volves two pairs of rolI^s. Tne sliver, prepared 
for spinning, is passed between both pairs, and 
they are set tightly enou^ to nip the«matenal 
in passing. The Mck rofiers, which receive«the 
material first, rotate at one speed, and the front 
rollers at a higher speed. The front roUeis 
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^oordingly deliver the material faster than it 
is fed to tnem, a thing that they can only do by 
drawing the fibres of the sliver out. The fibres 
are pulled endwise over each other as they were 
when the spinster drew from the distafi or the 
rolL The principle has been refined upon, and 
the operation of drawing as done by modem 
machinery is one of the most delicate and care- 
fully adjusted of any, but the relative speeds of 
different pairs of roilers remain the controlling 
factor in all oases, 

Frame Spinning* The combination of 
flyer and rollers gave the world a spinning-frame 
on which the spinning proceeded continuously, 
instead of intermittently, as upon the wheel 
The frame could be made with a large number of 
spindles, and the incidental improvements added 
to it in the course of time enabled the spindles to 
turn at a high speed, and thus 
effect a large production. The /A . 
hecks of the original flyer were 
dispensed with in favour of an j ^ 

eye, or twizzle, formed by bend- J H 

ing the flyer leg at its foot, and 3 1 -g « 
an up and down motion imparted H . 
to the bobbin laid the yarn — 

evenly in successive layers. In 

modern practice, the flyer is ^ flvbr 
screwed upon the top of the 
spindle, and the bobbin around which it rotates 
is dragged round by the pull exerted through 
the yam ; but this is a change less of principle 
than of detail. 

The Spinning Mule. Arkwright's inven- 
tion of the water twist frame got its name not from 
any water used on the frame, but from the fact 
that it was designed to be driven by a water- 
wheel Its* invention was followed in a few 
years by Crompton’s tnule, and both inventors 
incorporated features that had been used by 
Hargreaves in his spinning-jenn?/. The jenny 
was an intermittent machine for stretching the 
yam at one operation, and twisting and wmding- 
on after the pause in which the stretching was 
done. The same sequence is followed by the 
mule. Nearly fifty years passed before the mule 

was made fully automatic by 

Roberts, of Manchester, and 
although hand-mules are 
rather curiosities than utilities Ir^ 
in these days, the modem 
machine is often spoken of as 
the self-actor. 

The mule is used mainly 4 ^ hing 
for spinning short fibres, and traveller 
for producing a spongier yam 
than can be made upon any of the continuous 
spinning frames. It consists in the first place [ 6 ] 
of a cred, or stand, to hold the bobbins of rovings. 
The rovings are led through three pairs of drawing 
or drafting rollers to a spindle. The spindle, 
which is ^ven by a band from a tin roller, 
mounted upon a cansiage, or movable front of 
the machine, and this carriage is on wheels 
^mounted upon rails or elws. The motions of 
the machine follow each other in a cyoje. First 
comes the spinning mbtion which the 
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drafting rollers work rapidly. At 1;he same time, 
the carriage carrying the spindles begins to move 
outward on its rails, and the spindles arc driven 
at high speed to put in the twist. The drawing 
done by the rollers, and the stretching given 
by the outward run of the carriage, pull the 
fibres over one another and reduce the diameter 
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of the roving. Thin and weak places occur in 
the roving as a consequence of this treatment, 
and for this reason twist is thrown energetically 
into the yam while the stretching is in progress. 
The twist finds its way to these places lirst, and 
strengthens them. The varn spun during this 
part of the cycle is wound upon tlu^ bare spindle 
near the point, and at the end of the stretch the 
spindles stop. The spindles reverse the direction 
of their rotation, so that the spun yarn is un- 
wound rather slowly. The carriage reverses 
its direction and begins to run home. A wire, 
called the faller wire, descends and guides the 
spun yarn into position for winding-on upon the 
tube, or cop, that clothes the lower part of the 
spindle. Simultaneously another wire, called the 
counterfaller, rises to pick up the slack, and 
during the return traverse of the carriage the 
spindles are turned still more slowly to wind on 
the yarn. 

The mechanism is complex, and the machine, 
with its carriage for stretching 64 inches of yarn 
at once, occupies a relatively large floor space. 
It is the most wonderful of spinning machines 
to watch, and its successive motions exactly 
duplicate the actions of the spinster working a 
spinning-wheel on which no flyer is fitted. 

Cap Spinning. Two other systems of 
continuous spinning, introduced some eighty- 
fivo years ago, provided alternatives to the use 
of the flyer. In both of these the spindle is 
stationary, and in both cases the object was to 
attain higW speeds. The flyer sets up a vibra- 
tion at high speeds that is detrimental both 
to the yam and to the spindle upon which it is 
mount<^, although within its own limits it is 
unexcelled in prc^ucing smooth yam. The cap 
frame, although used largely in spinning fino 
worsted, has few other uses at the present day. 


The dead, or stationaiy spindle, is fltted with a 
hollow steely cap, and with a tube or barnd. 
A peg upon the barrel engages with a hole in the 
bobbin, so that the tube and bobbin are driven 
round together at the same speed. The bobbin 
is given an up-and-down motion during the 
process of spinning so that it works in and out 
of the cap. The edge of the cap guides the 
yarn, and tl]c light friction in passing exerts drag 
enough to cause the yam to wtnd on. 

Ring Spinning. The system of ring 
spinning, which has become of the first inv 
portance, derives its name from a flanged ring of 
steel, encircling the bobbin. One of these rings 
is set in a rail over every spindle, and tha lifter- 
rail is adjusted to move upward gradually, and 
to sink downward sharply, in order to build the 
yarn upon the bobbin in the desired shape. The 
bobbin is secured by a peg to a small plate drivcil 
by a whorl, and the yarn, before running on to 
the bobbin, is passed through a traveller which 
slides round the flange of the ring. The ring- 
traveller [4] is a C-shaped bent wire, of just 
suflicient weight to make the yarn taut and cause 
it wind on. 

Ring frames spinning fino counts of cotton 
are driven at speeds up to 6000 revolutions a 
minutes as against the 2300 that are practicable 
upon the ordinary flyer spindle. The ring 
system of spinning and doubling is tjxtending 
in many directions, but it may bo notcnl, as 
one of the chief differences between English 
practice in cotton spinning and practice in 
most other countries, that we use principally 
mules and they principally ring frames. 

^'ho hand combs and cards have evolved 
into a series of complex machines, arranged 
progressively to carry forward by d(‘groes the 
straightening or the intermixture of the fibre. 
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Between the cards or combs stands an array 
of preparing machinery for carrying on step 
by step the sequence of processes that is onl^ 
completed upon the spinning-frames. Their 
broad eflbet is to do what was less perfectly 
done by hand. Consideration of their detail 
must be deferred to a later stage. 
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The Hand Loom. We may pass to the 
loom, an apparatus that in one foign or another 
is as old as civilisation. In its most primitive 
form the loom was the simplest possible arrange- 
ment for holding one set of threads parallel, 
and enabling another thread to be inserted 
between alternates. The threads of the warp 
were secured to a beam, usually a straight 
bough of a tree, and this was fixed to the ground. . 
Rods, such as af^ now called leaae-rods^ were 
inserted betweem the odd and even threads 
^o part them from each other, and it would 
seem from Egyptian tomb-drawings that the 
weft was inserted in the shed thus formed by 
pushu^g it through with a stick. The threads 
thus placed W'ere beaten well home with a 
licavy lath or swordy and the weaving was done 
by two women, posted at each edge of the cloth. 

*■ ^it a later stage the reed was introduced to 
give greater regularity to the warp, and between 
the wires, in what are called the dents of the 
rood, the warp threads were passed in couples. 
The reed is a sort of comb, built of flattened 
wires placed parallel and close together, and 
secured in a four-sided frame made by binding 
laths of wood together with twine. At a still 
later date harness, healds, or heddles were added, 
to give an improved means of separating the 
threads ; these were mounted on f^hafts supported 
from overhead. Each thread of warp was 
[)assed through a loop or eye of the healds, and 
in simple weaving one shaft carried the odd 
numbers and the other the even numbers. 
By raising first one shaft and then the other, 
a shed or parting was formed more quickly 
than by the use of rods. By enclosing a spool 
of yarns in a boat-shaped shuttle, the weft was 
thrown across the opening from hand to hand. 

Improved Hand Looms. These arrange- 
ments were transferred to the built-up hand -looms 
evolved from such crude apparatus as is still 
worked in India at the ground level. The 
parts were fitted into a wooden frame [6] 
comprising a warp beam, or roller, on which 
the warp was wound. The warp beam was 
hung in brackets, and a weighted rope passed 
round its ends prevented slipping, and 
held the threads taut between the warp beam 
at the one end of the loom and the cloth -roller 
at the other. The heald shafts, suspended 
from a cross-bar overhead, were placed midway, 
and a couple of treadles arranged conveniently 
for the weaver’s feet enabled him to raise the 
shafts in succession. The reed was swung from 
above in a hinged frame or batten, and just in 
front of the reed was the shuttle race. 

In some parts of this country shuttles were 
thrown by hand across this race for long after 
Kay’s invention of the fly-shuttle in 1733, an 
improvement which added greatly to the 
speed of weavi^. Kay fitted the loom with 
boxes at each side of the ra^e, and into these 
the shuttle was driven alternately from side 
to side. A blow from a strap was the means of 
propulsion, and these straps were attached to 
picker arms, or sticks. A sharp tug on the bord 
held in the weaver’s hand dr^ out smartly in 
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turn the one*tom or the other,' and ihe strap 
shot the shuttle out of the one box into the box 
opposite, when it was brought to rest. The weft 
was beaten home by swinging the reed and 
batten inwards. The cloth was maintained at 
vddth by temples, or pins, engaging with the 
lists, or edges. Warp was let on from the beam 
by the action of the weaver in winding the 
roller which received the woven cloth. 

The Paeaing of the Hand Loom. The 

improved hand-loom is still in use in some fac- 
tories for the weaving of trial patterns, although 
it is being expelled even from this field by power 
machines. The hand-loom engages the whole 
of one person’s attention, whereas six or eight 
plain, narrow power-looms of the kind used on 
cottons in Lancashire can be managed by one 
weaver. The fastest of these looms make 300 
picks a minute where the hand weaver, perhaps, 
made fifty. There are automatic looms of which 
one weaver can superintend thirty-six, but in 
the elements of every type of power-loom in 
general use today the features of the hand-loom 
reappear. No radical departure from the original 
principle in weaving has yet been brought to 
commercial success, and the persistence of the 
ancient principles throughout the whole mass 
of modern improvements in textile machinery 
is one of the most impressive and significant 
facta with which the student is faced. 

Incidental Machinery. Reference has 
been confined thus far to what may be called 
the capital machines, but in all times there 
have been incidental operations to perform. 
Thus yam intended for warps had to be laid 
out at length in parallels. The manufacturers 
of the past used the method of peg ivarping, 
or, in other words, hung the yarn over and 
under a series of pegs standing out at right 
angles to a wall. The yarn was carried over 
these until a sufficient number of ends had been 
prepared to form the fabric, and then the 
threads were cut, mounted on the beam, and 
led through the loom harness. There is now an 
almost universal use of warping mills, in the 
form of cylinders many yards in circumference, 
aroundc which are wrapped ends of yam pro- 
ceeding from bobbins that have been set in a 
frame or creel. 

Winding Devices. Many types of ma- 
chinery arc employed in winding and re-winding 
yams to befit them conveniently for use. The 
original type of \innding machine appears 
to have been the reel used in winding yarn 
from its spindle, or bobbin, into hanks or skeins. 
The reel was a skeleton wheel in the form of a 
hexagon, and rotated by a handle., The cir- 
cumference was of a known length, usually 
one yard or one and a half yards, and, by 
counting the revolutidSis, the number of yards 
per pound — or, in other words, the yam count — 
was arrived at. Winding from and into hank, 
or from one bobbin to another in plain said 
cross motions, calls for a large variety of 
machines with especial suitability for different 
yarns and purposes. Such machines are treated 
in due order. J. A. HUNTER 
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Temporary Stars. Star Clusters. The» Milky Way. 

The Nebular Theory. The Birth of a Solar System. 

THE THEORY OF THE UNIVERSE 

There is no real distinction between with fair regularity, and hope that the 
* irregularly variable and temporary sun will continue to do the same, 
stars. The latter, which create great in- A nuitiber of stars ^re arranged in 
terest among the public as well as among clusters of groups, while others, like our 
astronomers, are stars which once in own sun, are at vast distances from thgir 
history burst out into a sudden blaze, nearest neighbours. Some of these 
and then again shrink down to their clusters^ ol which the Pleiades afford the 
former insignificance. The earliest re- be-st example to the naked eye, can be 
corded of these was seen by Tycho Brah6. resolved by a keen eye into separate 
in 1572, when a star which outshone even stars ; some, like Pi^esejxi in Cancer, 
Venus and Jupiter suddenly blazed out which only show to the naked eye as .a 
in Cassiopeia. Within the last few years hazy spot of light, break up in a ^good 
there have been well-known outbursts of field-glass into clusters of stars ; but the 
the same kind in the constellations of majority of stellar clusters require a , 
Auriga and Perseus. ixiwerful telescope for their resolution. 

Very careful s|:)ectroscopic analysis It was long ago noticed that, the more 
has made is quite clear that in all powerful a telescope was, the greater was 
these cases what we see is a veritable the number of these hazy spots of light 
conflagration. Vast outbursts of incan- which it would resolve into clusters of 
descent gases suddenly well up from the stars. Ccutsequently the opinion was' 
interior of a quiescent and comparatively formed that all the hazy little clouds or 
faint star, and raise it to a degree of nebulce which are so prevalent through- 
luminosity which may rival that of vast out a large part of the sky were simply 
and steady globes like Sirius or Vega, clusters of stars, so far away that their 
liut such a star lacks the energy to keep light merged into a single impression 
up this output of light, and before very, on the eye. A great number of these 
long dies away to its former faintness. nebula were only resolved by large tele- 
It has been supposed that the collision scopes, such as Lord Kosse’s six-foot 
of two stars, or the falling of a vast planet reflector ; many were found to be irresolv- 
into a tiny sun, might account for some able by any telescope. It was simply 
of these sudden outbursts of light. Such concluded from this that they were still 
an occurrence would certainly produce a more distant than the clusters which had 
blaze visible all over the heavens, but the yielded to the resolving powers of the* 
collision of two stars is so improbable an telescope ; and it was further supposed that 
event, in view of their vast distances each of these clusters of stars might be a 
apart, that we may eliminate it, and the separate universe or galaxy, comparable in 
falling ol a planet into a sun has not as extent and importance with our own uni- 
yet been known to occur. Probably it verse, bounded by the vast girdle ol 
IS bound to happen as systems grow old the Milky Way. 

and decayed ; it will certainly happen This grandiose conception of innumer- 
one day in our own system. able universes scattered throughout space 

But the behaviour of our sun shows that was speedily destroyed by the spectro- 
the evolution of incandescent gas from a scope. As we have seen, the spectroscope 
starts interior Ls quite a normal incident distinguishes with entire certainty be- 
in stellar life. If the vast eruptions ol tween the light sent to us from a solid 
glowing hydrogen which are daily emitted star and that emitted by a gas. When 
from the sun’s surface were increased it was turned upon the nebulae which had 
tenfold by some interior convulsion, the been supposed in reality to be star-clusters 
sun itself "would blaze out as a temporary .so distant thaj no telescope could resolve 
star- and, incidentally, life would be them, it showed unmistakably that these 
burnt off our planet. We can only say nebulce were not star-groups, but simply 
that the great majority of stars shine masseif of incandescent gas. 
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The Sti^cture 
of the UiiiTeree. 

At the same time, im- 
provemeiitB in the 
methods ei measuring 
pairallax caused 
astronomers to revise 
their somewhat cx- 
a^emtod notions ^as 
to> the distance of the 
faintest visible stars. 
They ’ have, in con- 
sequence, mostly 
given up the theory 
of > i if numerable 
universes: in ! which 
the fan^ pf.an earlier 
g^nerationwas pleased 
to niu . riot/ and have 
form^ a fairly co- 
herent though still 
somewhat vague idea 
of the actual structure 
of the universe, of 
which a short account 
must now be given in 
conclusion. 

The most casual in- 
spection of the starry 
heavens shows that 
the visible stars are 
very irregularly 
distributed. Some 
regions are crowded 
with stars, while 
others show a very 
sparse distribution of 
orbs visible to the 
naked eye. The tele- 
scope, while vastly 
increasing the number 
of stars up to about 
^ 30,000,000 visible to 
the most powerful 
instruments, still 
emphasises the irreg- 
uJarity of their 
distribution. 

The Galaxy.' 

There is one region 
of i the sky which is 
far more thickly 
strewn with stars fh^ 
any other. , This is 
the luminous belt 
which surrounds the 
whole sky nearly in a 
great circle, which id 
known as the M^y 
Way, or the Galaxy. 

To the naked eye 

usually seems 
to be a ‘ luminous 
cloud, though on a 
very clear night it is 
possible for h^n eye- 
pght to make out 
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he^ and there ' the 
brightest of the in- 
dividual stars which 
compose- it. ^ The 
: telescope and spectro- 
scope agree in showing 
the Milky Way to be 
oomposod of innumer- 
able stars, mostly of 
the eighth m^hitude 
or smaller, and set 
so closely together 
that the whole belt 
of sky which they 
inhabit seems to l>e 
luminous. 

The Milky Way 
contains very numer- 
ous clusters of stars, 
but very few gaseous 
nebulfic. The rest of 
the sky nowhere 
contains any such 
crowding of stars as is 
found in the Milky 
Way, though here and 
there we find a bright 
cluster, like Praesepc, 
where several 
thousands are con- 
densed within a space 
much smaller than the 
full moon. The stars 
frequently scorn to run 
into streams and 
groups, but on the 
whole their distribu- 
tion is irregular and 
their number small in 
comparison with those 
of the Milky Way. 

The Milky Way 
an Illusion. There 
is only one hypothesis 
which at present gives 
any reasonable ex- 
planation of this 
distribution of the 
stars. Wo oannot 
believe that the stars 
which form tlw Milky 
Way are really crowd- 
ed together so closely 
os they look. The 
Milky Way is purely 
an effect of per- , 
spective. . If we 
suppose the stellar 
universe to have the 
form of a vast flat 
disc, something like a 
orown-piece, of which 
the diameter is much 
greater than the thick- 
ness, and our own sun 
tp .be situated some- 





A MYSTERIOUS ZONE OF COUNTLESS STARS 



PATH OF THE MILKY WAY THROUGH THE TWO HEMISPHERES OF THE HEAVENS 


These two drawinas show the two eeml-clrclce of the Milky Way w they extend 

region of the Southern Croee on each side of the apparent sphere the heavens. It I e noW^ Wat ^ D^nt swrs 
Congregate near Its region, and that there is a chamcteristloWarmony in *5® “ ***®^®®® 

into space, suggesting some common cause for this appearance throughout the whoie galaxy. ^ 
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where near the oentve of this dl86/a Uttla thought 
wiU show that we should get substad^tially 5>e 
saine appearaOee as has been dederibed vHien 
we looK along the plane of this disc the line of 
slight trarais thiough thirty or forty times as 
Jhany stars as when we look up or down at right 
angles ‘to the |>lane of the diso» provided that 
the stars are distributed in all dictions with 
fair equality. Consequently to an •observer 
near the centre of the disc there wiU appear to 
be a nearly ciroular belt thickly strewn with 
stars, while the rest of the sphere is ihuch less 
tlqoldy j^t mth stellar orbs. ' 

It is now generally held that this is roughly 
th^ OTj^ement of our stellar universe. There 
a^ many znbdifioations in detail, based on the 
dimribunon of various kinds of stars and on the 
de^to wMch form the Milky Way, but th^ 
mq8t ;W studied in more elaborate works, such 
as.Mlro Gierke’s “System of the Stars. *1 It is 
enough to say here that the probability is that 
otm sun is near the centre of the stellar universe ; 
that this universe consists of at least 100,000,000 
stars comparable to our sun, but many of them 
vastly. brighter and more massive; that these 
stors are arranged roughly in the shape of a 
oiroular disc, of which the diameter is many 
times greater th^ the thickness ; that the 
central part of this disc, near which our sun is 
situated, is much less thickly set with stars 
than the outer parts ; and that its diameter is 
at least so great that it would take light 30,000 
years to cross it. ^ 

The Nebular Theory of the Univerae. 

It remains to add a few words as to the ibeory 
now accepted of the development of this universe 
and of systems like our own. v We have seen that 
bright stars are divided into various typos, 
according to their different spectra and colours. 
Some of them are undoubtedly hotter, and 
therefore younger, than . others, and it is prac- 
tically certain that thCte are many stars in 
^thp void of space which have grown ooH and 
dark, so that we can never see them, though in 
some oases we are able to infer their existonce 
from their gravitational influence on the neigh- 
bouring bright stars. Further, the universe 
contains a great number of nebulae, which are 
merely clouds of incandescent gas. It was first 
suggested, by the great philosopher Kant, that 
thpse nebulas might be the raw material of suns 
with their attendant planets. The * physical 
conditions dominating the history of such 
nebulae have b^ii fully worked out by several 
generations of mathematicians. 

tThe Birth of a Solar Syatem. Suppose 
that we have a nebula or cloud of incandescent 
gas some 5,000,^000,000 or 6,000,000,000 miles in 
diameter. This nebula must be subjected to 
two distinct causes of change. In the first 
place, all its material particles must attract 
on^ another by the law of gra^tation, so that 
the nebula tends to condense toward the centre ; 
and aimuHaneottsly, the incandescent {articles 
which compose the nebula aure constancy 
radiating heat out into space, so that the nebula 
must always ne losing heat. On these two^ 
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facts Laplace ai^ his followers erected a com* 
plete theory of stoUiar evblution. Such a nebula 
cannot for ai moment rmain at rest, even if,^ 
‘which is exoeedinedy improbable, it wm mrigipaliy 
in; such a oonamon. It would necessarily 
acquire a rotation about an axis, in addition td 
the movement through space which it would have 
under the influence of exteriiad gravitating bodies.* 

The , Breamag«up of the Nebula* 

It ba» been shown mathematioaUy . that such 
a rotating nebula, losing heat at the same time 
arid condensing iuwa^s, . would at regular 
intervals shed rmgs from its substance, amd that 
these rings would tend to break up and coalesce 
into roughly spherical bodies or planets, which 
would revolve round the centre of the whole 
nebula and at the same time rotate on their own 
axes. Each of these rotating masses, if still 
hot enough to preserve the nebulous condition, 
would repeat the history of the original nebulae, 
in turn shedding rings, which would coalesce 
into secondary spheres or satellites. Each of 
these derivative or secondary nebulae, being 
much smaller than the parent nebula, would 
cool much more rapidly, and might become a 
solid body while the original nebula was still 
in the state of fiery gas. 

This is believed to be the general history of 
the origin of the solar system, although further 
research has thrown doubt on some of Laplace’s 
ideas. Once it was a vast cloud of fiery gas 
st|;6tching out beyond the orbit of the farthest 
planet As it contracted, it shod rings, which 
broke up into planet after planet, each with 
its own satellites. Neptune and Uranus came 
first; then Saturn, where the first anomaly 
appeared, for one or more of the rings which 
Saturn shed in cooling did not coalesce into a 
spherical satellite, but remained os the wonderful 
arrangement called Saturn’s Rings, which consist 
of a swarm of tiny meteorites or cosmic dust. 
Jupiter, the largest of the planets, was next 
formed. The next ring thrown off by tho 
0 ]:iginal nebula behaved like tho rings shed by 
Saturn, and gave birth to the swarm of minor 
planets. Mars, Earth, Venus, and Mercury 
were nexb bom in the same order. 

The vfiwt luminous orb which we call the sun, 
and which we have seen to be still in an intensely 
hot gaseous condition, is merely tho shrunk and 
dwindle remainder of this vast original nobula. 
This is a brief sketch of what is known as the 
nebular theory of planetary evolution. 

The Beginning and End. It is highly 
probable that the gaseous nebulas which exist in 
great numbers in the heavens are all in an early 
stage of such evolution, and that all the stars 
which bedeck the sky are the product of earlier 
nebulae, and are surreundpd by planets like the 
sun. But we are now approaching a region which 
borders on the realms of imagination rather than 
research. The span of our lives is so tiny in 
comparison with the vast ages that must go to 
the growth of even an inconsiderable system Hko 
our own that man has as yet had nq opportunity 
for verifying such a hy^thesis. It may well be 
that the vast drama of stellar evolution passes 
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A WONDERFUL OBJECT IN THE HEAVENti— raE NEBULA IN ANDROMEDA 
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through an unending and recurrent cycle. We brought to rest, and the whole mows of material 
can mathematically foresee the time when the which now composes the solar system voyages 
inexorable operation of physical laws will bring through space in the form of one dark, solid, and 
back planet after planet to crash into the sun, lifeless globe. Possibly two such globes may 
and the result of such a series of collisions should dash together after millions of {eons, and again 
be to reproduce the fiery nebula stretching far break up into one vast nebula, instinct with that 

out beyond our own orbit. It cannot, indeed, energy which contains the possibilities of living 

be as vast as the nebula from which we were worlds. All this is pure speculation, and yet 

born, as the whole system is constfintly losing (as far as we know) it is the only course which 

energy in the form*bf light and heat radiated into the history of our system can take. That history 

8pa(xs from which (so far as we know) it never is probably typical of what is going on through- 
returns. PVom such a nebula there would be out the universe. Everywhere there is a vast 









THE VAST NEBULA IN OBION, WHICH EXTENDS MILLIONS OF MILES THROUGH SPACE 
From a photograph taken at the Lick Observatory 

produced a new system, with a smaller sun and recurrent cycle in operation, which evolves 
fewer planets, again in the vast lapse of time to a solar system, and perhaps produces some race 
clash together, and to be expanded into yet of sentient beings such as man, as a casual and 
another new nebula, still smaller and less potent, temporary accident in this evolution. Even 
A Cosmic Eternity. Thus we can dimly such a hasty survey oT astronomical history as 
foresee the cosmic future as a kind of switch- has been taken here teaches us to estimate 
back, ever making smaller %nd sipaller rushes the place of man in the universe with a somo 
up opposing hills, till ultimately the machine is what truer sense of proportion. 

W. E. GARRETT-FISHER 

ASTRONOMY CONCLUDED 

A short Dietioiiary of Attroobmical Terms and Phrases appears at the .ead of the 

Se|^<->£d«eator 
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Suction and Force Pumps. Double-acyng Pumps. 
Worthington and Ashley Pumps. The Accumulator. 


SUCTION AND 

Pumps. The pumps of the hydrostatic 
group are very broadly divisible under two heads, 
the lift or svction tyjMj, and the Jorce pump. 
The important distinction between the two is 
that the first-named depends feyr ite action on 
atmospheric pressure, and the second docs not. 
It is usual to include these under the pneumatic 
branch of mechanisms, because the atn>ospheric 
procure exercises, an essential influence in the 
operation of the . suction type. . But it/ is /more 
convenient, from the point of view of, practical 
applications, to dispose of them here. 

The suction group and the pressure group arc 
found in many and varied designs. The first 
are limited to depths of water of about 24 ft., 
the second have practically no limitations. 
Those, the Jorce pumps, as they are called, are 
the ones that are invariably employed for pres- 
sure purposes, since there is no limit to pressure 
possible, save that of the strength of the bodies, 
and fittings, and valves of the pumps tlicniselves. 

The air enters into the operation of all pumps, 
but in the suction pump it is far more important 
than in the others. The point in the first-nain«.'d 
is that there is nothing but the atmosphere as th(5 
acting agent, its pressure alone forcing the water 
up through the suction pipe and barrel, through 
the delivery valve. The limiting height is that 
from the delivery valve at the top of its stroke 
to the water-level in the well 

Suction Pumps. Figs. 82*86 are a selec- 
tion of the essential mechanisms of various 
suction pumps. Fig. 82 is the common lift, or 
atmospheric pump in its most familiar form, 
with bucket A, having a hinged leather and metal- 
platcd valve, and the clack B, also of leather, 
hinged and weighted with metal plates. The 
clack is prevented from rising too high by the 
stop piece C, as shown in 83. Leakage past the 
bucket is prevented by the leather packing D. 
Fig. 84 is a form loss liable to get out pf order 
than the one with leather , fittings, besides being 
suitable for liquids that would destroy leather. 
The ’bdfcket- valve A, and the clack-valve B, arc 
of the mushroom forin — direct lifting. Both are 
prevented from lifting too high, A by the arch of 
the bucket, and B by the perforated plate C. If 
one of these valves opens to a height equal to 
one-fourth of its diameter, it will jjass all the 
water which is possible. 

A design often preferred is that with ball valves 
[85]. The advantage of these Ls that they will 
not only lift, but rotate slightly and constantly 
on their seatings, so equalising wear. Some- 
times the mushroom valves in 84 are made with 
their wings disposed spirally, to cause them to 
turn slightly on their seatings at each lift. The 
height of linb of the ball valves [85] is slight, and 
each valve is* enclosed in a cage with open sides, 
through which the liquid escapes. The example 


FORCE PUMPS 

shown is one by Hayward-Tylcr & Co., for 
deep wells. 

The thcqretical height of 34 feet can never be 
reached, due to leakages pt&t the valves, and 
these may bo so great in pumps having badly 
packed valves, or dried-up leather valves, as to 
prevent any lift of water until the leakage has 
been overcome by “fetching” the pump ^th 
water.. The atmosphere at the commencement 
of pumping occupies the suction pipe. On ^ting 
the bupket. the air expands, with Iq^ of prepare, 
and the external air forces water up to occupy q 
portion of the vacuum. When the bucket 
been lifted and dc^pressed a few tinu'S, no free air 
is left, and the pump lifts 'solid water. 

Air-pumps are also suction pumps. They 
draw the condensed steam and vapour mingled 
with air from the surffice condensers of steam- 
engines. They are a group by them-selvcs, having 
little resemblance to the pum|)s just noticed, 
though based on the same principles. Like 
these, too, though atmospheric pumps, they lift 
water charged with air when in full operation. 

The first thing one notices about the action of 
the suction pump is that it discharges water only 
on the lifting stroke, or intermittently. This is 
objectionable for feeding jnirposes, and hence 
we have the treble- barrel arrangement. In this, 
three pumps are sot side by side, each complete 
in itself, but driven from a common crank 
shaft, the cranks of which stand, at 120*^ apart. 
Practically, a continuous delivery is thus 
obtained. In such pumps, the handle is dis- 
carded for a belt, or engine drive. Except for 
agricultural and domc»stio purposes, the- lever 
handle is seldom used for pumps," but some form 
of power drive is applied. » 

Another way in whieh a practically continuous 
stream is obtained is in the double-action pump 
[86 J. Here, the rod A of the 'lower bucket 
ptisses through the rod B of the upper one,, and 
both arc crank-driven in such a way that the 
buckets move in opposite directions, one lifting 
while the other .is forcing, a partial vacuum. being 
formed . between tho buckets. The bottom 
bucket takes the place of the fixed valve in the 
previous figures. 

Force Pumps. In these, a solid plunger 
or ram is substituted for the bucket with a valve, 
or valves, and tho delivery valve is in a portion 
of the pump body away from the ram. The ram, 
therefore — a solid piston— alternately creates a 
vacuum into which the water flows through the 
suction valve, and then forces it through the 
delivery valve. Water can bo raised through 
great heights thus^ or what is equivalent, against 
great pressures, as when used for [)umping into 
steam boilers. Also, the ram being independent 
of the ^Ives, it may occupy either vortical, 
horizontal, or angular positions. This pump is 
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also intermittent in action, delivering its water 
in a scries of impulses, unless mounted in three- 
throw style [94] or fitted with an air vessel. 

Plunger and BucKet Pump. There is 
another way of obtaining a continuous supply — 
namely, by the combination of a ram plunger 
with a bucket. Hero [87] a bucket A, with 
valve, lifts the water, but on the down stroke the 
ram B displaces a volume of water (s^qual to its 
own, and stmds it out through the delivery valve 
C. Water being, therefore, discharged during 
both strokes, the supply is continuous. 

Double-acting Pumps. Though the fore- 
going pumps may be made to yield a con- 
tinuous supply, yet they all suck water on one 
stroke and discharge it on the next, and are, 
therefore, nominally single-acting. When good 
(Juty is required, such designs are too wasteful, 
and then pumps that suck and discharge on each 


from 3 in. upwards, according to the diameter 
of the bore-hole and the discharge required. 

With this pump the usual suction valve is 
dispensed with, and in lieu of it a delivery valve 
is placed above the bucket. On the up stroke 
of the latter the water flows into the barrel ; on 
the down stroke the water passes through the 
bucket valve as the latter descends, while on the 
up stroke it is lifted and forced through the 
deliveiy valve. The suction is fitted directly to 
the bottom of^ the barrel, so th«at the water 
flows straight up into it. 

The bucket and delivery valve both come out 
and go down at the same time, and there is no 
separate operation required for withdrawing the 
foot valve, as is the case with ordinary pumps. 

It is sometimes necessary to place a strainer 
on the suction pipe to prevent solid or gritty 
matter gaining access to the pump. Figure 89 



stroke are designed, hence termed double-acting, 
or duplex pumps. There are a good many of 
those. The two best-known forms are that in 
which a single piston operates two sets of suction 
and discharge valves arranged at opposite ends 
of a common chamber, and the Worthington 
type. In this, two pump chambers and engine 
cylinders are arranged side by side. The st<?ani 
piston and pump pistons are at opposite ends of 
their rods, and the slide valves are operated by 
the piston of the fellow-engine. The pumps 
draw from a common suction pipe, but each 
chamber has its own suction and delivery valve. 
An air vessel is common to bdth. 

Bore-hole Pumps. Where water is to 
bo raised from bore- holes, a pump specially 
made for the purpose is emi^loyed. Figure 88 
shows one of Robert Warner & Co.’b boro-holo 
pumps. The size and length of stroke vai;^ 
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shows Messrs. Hayward-Tyler & Co.’s foot valve 
and strainer for bore-hole pumps, while 90 
dc'piets Messrs. Ham Baker’s strainer for ordinary 
suction pipes. 

The Ashley Pump. This pump [91-93] 
was designed to supersede the old form of bucket 
and bottom valve pum}), and to remove, in so 
doing, two of the difliculties experienced in 
connection with underground pumping. It is 
sometimes the case in this class of pumping, 
notably in wells, that the pump itself has to be 
placed at a great depth below the surface of the 
round, and connected to the engine driving it 
y a corresponding length of rod. 

In some cases, when a stoppage occurs, the 
water may rise in the pumping shaft to a consider- 
able height (sometimes 200 it. or 300 ft.) above 
the level at which the pump is fixed, and render 
it impossible, without the aid of divers, to 
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approacli it from the outside for examination or 
repair. These conditions necessitate the use of 
a pump constructed so that all its working parts 
can be drawn up through the rising main when it 
is desired to effect any such examination or repair, 
and the diameter of the bucket must, therefore, 
bo a little less than the diameter of the rising 
main through which it has to be drawn to the 
surface of the ground. 

The type of pump mostly used hithertr) in 
well bore-holes and mines consists of a bucket 
reciprocating in a working barrel above a fixed 
bottom valve, with which latter there is very 
frequent difficulty. This most vital part of the 
pump is, as a rule, the part most subject to 
violent shock and consequent breakdown, while. 


at the same time, to add to the difficulty, it is 
always extremely inaccessible. 

In the “ Ashley ’* pump there is no bottom 
valve. The only working })art is a .single bucket 
reciprocating in the ordinary way in a working 
barrel. In this bucket arc mounted the deJiveiy 
and suction valves, so that when any examina- 
tion has to be made, the wholt'. of the working 
parts are drawn through the rising main to the 
siirface of the ground. 

The action of the pump is simple. On the up 
stroke the delivery valve (D V, 91) is closed and 
water is lifted. At the same time the suction 
valves (S V) open, and water pouns into the in- 
terior of the bucket and Iowei>parts of the working 
barrel. Upon the down stroke the delivery valve 
opens and the suction valves close, and the bucket 


sinks to the boftom, ready to begin another 
up stroke, find so on. 

The large waterway available in these pumps 
permit them to be worked at high a{x*cds. 

There arc two distinct types of the “ Ashley ” 
pump. One [91] is the ordinary type for general 
work, while [93] illustrates the typo employed 
whore it is desired to work on suction — that is, 
to pump the watiT below tljp level of the pump 
barrel, as in sinking operations. The latter, 
however, is rarely used. The bucket employed 
with both types is the same, and is shown 
by 92. 

Figure 94 depicts a three-throw pump made 
by MciSsrs. Robt?rt Warner (^o. The diameter 
of the })ump is 4 in., with a 9 in. stroke, and is 


capable of raising 2000 gallons per hour, against 
a head of 200 ft. 

The Worthington Pump. This form of 
pump meets the conditions as regards varying 
pressures that havi* beeri referred to, the delivery 
being uniform at all parts of tin; stroke'. There arc 
two pumps, each doubkj acting, the flow from 
one dovetailing into the tlow from the other. 
The steam cylinders, as will be se(u\ from 96, are 
directly in lino with tlui piini[)s, there being no 
cranks or llywheqls. This illustration shows an 
800 h.-p. VForthington pumping engine. The 
low-pressure cylinders arc 82 in., and the high- 
pressure#41 in. in diameter, the pump plungers 
bcihg 12 in. in diameter. The steam pnissure is 
100 lb. per square inch. This engine works 
Against a pressure of 1600 lb. per square inch, 
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which is equivalent to working against a dead 
load of 161 tons. ^ 

A more recent form of this pump [90] has 
been installed at the East London Waterworks, 
and was constructed by Messrs. James Simpson 
& Co. The duplex pumping engine invented 
by the late Mr. Henry R. Worthington possessed 
reliability and simplicity, but was not economical 
in steam consumption. To accomplish this by a 
fly-wheel, or similar device for storing energy, 
would have taken away the characteristic 
advantages from the engine, so the Worthington 
compensating system was adopted, which 
permits tho cutting-off of the steam in the 
cylinders, and its subsequent expansion to any 
degree or extent, thus giving to tho direct-acting 
engine the advantages, as regards economy duo 


coupled to the^^pump rods. Between the high 
pressure cylinders and the pump end there is a 
cross-head to which are attached two side rods 
connecting to the low-pressure pistons. The 
piston rods between the intermediate and low 
pressure cylinders work through long sleeves, 
thus doing away with two stuffing boxes. 

Pumping by Animal and Windmill 
Power. Animal power is often employed to 
drive small pumps. The animal is harnessed to 
a pole, and walks round and round, operating 
gear wheels which drive the pump. 

The employment of windmills for driving 
pumps has been successful in many places, 
but as the results are dependent on the wind, 
tanks sliould be provided to store the water 
and to ensure a fairly constant supply. 



95. THE WORTHINGTON PUMP 


to expansion, that are obtained by the fly-wheel 
engine, without in any way affi^cting the duplex 
principle. Figure 90 shows the engine con- 
structed with this compensating aiTangement. 
Tho attachment consists generally of two 
oscillating cylinders, supported from the main 
frames. These cylinders contain plungers, which 
arc attached to tho piston rods between the 
steam and the water ends. They are connected 
by pipes, and are filled with water or other 
fluid, to tho surface of which air is admitted at 
a pressure suitable to the duty to be accom- 
plished, for the purpose of maintaining a constant 
load at a practically constant pressure on their 
pistons through the medium of the liquid. The 
action of the plungers is to resist tho advance 
at the beginning of the strolq?, and to assist it 
at tho end, tho air meanwhile exerting its 
unvarying influence at each end of the stroke. 

The two cylinders act in concert, being placed 
directly opposite each other, and perform ‘the 
function of a fly-wheoL In the arrangement of 
piston rods the high-pressure ones are directly 
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Speed of Pumps. The number of revolu- 
tions po** minute to which a pump should work 
must depend on its construction. Tlio chief 
thing governing the speed of a pump is the 
promptness with which the valves reseat them- 
selves on the beginning of tho return stroke. 
With multiple valves, whieh give a largo water- 
way, with small lift, quick reci])rocation may 
be secured. But pumps of tho “ bucket type 
do not admit of multiple valves, and therefore; 
require a pause at the end of the stroke to 
allow the valves to reseat themselves without 
undue shock. It is therefore necessary with 
pumps of this type to have a high bucket speed, 
which is obtained by Tcngthening the stroke. 

The chief difficulty in working pumps is 
that of keeping the valves, etc., watertight, and 
it is here that plunger pumps arc superior to 
piston and bucket pumps. The speed, there- 
fore, should not exceed 30 revolutions pet 
minute, but the average speed for ordinary 
worki^ may be taken as about 25 revolutions 
per minute. 



The speed at which a centrifugal pump 
should bo run increases approximately as the 
square of the height of lift. The revolving whciel 
has to over- run the flow in that increiising 
degree, while the effect due to impact falls off 
with the increasing velocity of the wheel. High- 
speed centrifugal pumps attain a velocity at the 
impeller periphery of 40 ft. per second. 

In selecting the best type of pumping engine 
to be adopted for any particular place, considera- 
tions as to working cost must not be forgotten. 
Professor Unwin, in his Howard Ijcctures on the 
“ Development of Power,” reduced all costs to 
one common standard — namely, ” the cost of 
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100 lb. instead of ?12 lb. Taking the 112 lb. unit, 
the ” duty 'i is calculated as follows : 

1 horse-power= 3.3,000 lb. raised 1 ft. in 1 minute. 
„ „ '=^33,000 X 60 lb. raised 1 ft. in 

1 hour. 

„ „ —1,980,000 ft. -lb. per hour. 

Introducing the coal unit of 112 lb., and 
dividing it by the coal consumed per horse power 
hour, we o*btain a fraction which, if multiplied 
by the total foot-ll). per hour developed, will 
give us the ” duty ” as follows : 

112 X 1,080,000 X 6 0 

^ lb. of coal consunu^d per h.-p. hour* 



96. SECTION OF A. WOilTHINqTON TUMP AT THE EAST LONDON WATKKWOKKS 


one pump horse- power maintaim'd day and night 
continuously for one year, such horse power 
being neither nominal nor indicated, but an 
actual 33,000 ft. -lb. of work measured in water 
raised per minute throughout the year.” The 
advantage of this is that, having determined the 
height of lift, the cost p('r HXMl gallons of water 
pumped can be. estimated. 

3'ho “ duty ” of pumping engines is. expressed 
by multiplying the weight in pounds of water 
raised by the pumps by the height in feet to 
which it is raised for the consumption of a given 
quantity of coal in the boilers. It is usual in 
specifying for pumping plants to require the 
makers to guarantee a certain duty ” for their 
plant, which is to be stated as the number of 
pounds of water raised 1 ft. high per hour by 
112 .1b. of coal consumed in the boilers, on the 
basis of 10 lb. of water bi*ing evaporated per 
1 lb. of coal. This coal unit is sometimes mode 


As the “duty ” is alw’ays (‘xpr(‘ssed in millions, 
the formula becomes : 

Duty in millions = 

lb. of coal consumed per 

h.-p. hour. 

Tn the early days of pumping plant a duty of 
60,000, (KX) was considcTixl good. With thi‘. 
inereause of steam pressure and the use of 
compound and trijjle expansion engines, a 
1(X),(X)0,()00 to 120,000, 0(X) duty is quite usual 
at the present time, and may indeed he (‘xcceded 
when it is desirable.. 

The Test Pump or Hydraulic Force 
Pump. This is#i ram pump |97) indicated in 
connection with the press [76, page 1438], in which 
the water, practically incomprcssihlo in itself, is 
forced by a single-acting solid piston through 
values and passage's against the resistance of 
the work to bo done. The latter may be any- 
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thing, but is essentially a mAss resistance. It little way into its neck during the delivery 
will bo observed that the valves 6oar but a stroke. When the backward non-deli very move- 
small proportion to the mass of metal in the ment takes place, the air, thus compressed, 

body of the pump, which is usually specified forces down the water that had invaded the 

to be strong enough to resist a pressure of chamber, sending it along after the rest, so 

2000 lb., or more, in some cjises, to the square inch, that a practically continuous stream results. 

The body is of gun-metal, as are also the suction Simple examples of the utilities of the test 
and delivery valves A and B. The ram C is pump [97] are the testing of steam boilers, 

actuated by the lev^^r B [76, page 14.38], and the and steam and water pipes, or the liking of a 

water flows out through the passage indicated baling press. The resistance is that of the 

by the arrow. D is a relief valve for releasing metal in the first, or of the material to be com- 

the pressure by the lever seen above, the pressure pressed in the last. As the water will not yield, 

water flowing away through E. The perforated the tug-of-war lies between the strength of the 

rose, F, prevents, any solid particles getting into pump on one side, and that of the boiler, or pipe, 

the valves. The relation of this to the common or press on the other. Then there is the utility 

force pump, one form of which is shown in 98, of the pump for charging accumulators. As 

will be obvious. The ram and valves arc there, there comes a time when something would have 



97-99. FORCE PUMPS AND AIR VESSEL 


but the proportions are differeoHi^' the pump being to yield, the pressures arc recorded on a dial 
suitable for pressures of from about 60 to 100 lb. gauge, and the pumps are fitted with relief 

Air Vessel. The air vessel mentioned valves. An advantage of the puihps is that 
just now is not used on test pumps like 97, the pressure may remain on for several hours, 
because the volume of water pumped is extremely which is often a severe trial of strength of a 
small, and has not to traverse far. In other boiler. These pumps occur in many forms, some 
words, there is no chance for the water to being operated by hand levers, others directly 
Iwcome saturated with air. But for long connected to steam engines or electric motors, 
deliveries and for moderate pressures the air Strength of Pumping Machinery, 
vessel is essential. One form is seen in 99. It The strength of the pumps and machinery must 
is made with a spherical end to ensure strength. be in proportion to the head of water against 
Sometimes water will find its way through the which they have to pump. The pressure per 
pores of inferior qualities of iron. This vesself^I unit of area is independent of the area of the pipe, 
is a chamber of largo dimensions, fitted sourc- but additional work is thrown on the pumps if 
where on the delivery side of the pump. It dbn- the pipes are too small, or if they have sharp 
tains air, which, being elastic and compressible, bends, owing to the friction caused thereby, 
becomes a cushion to the water that rises & Let D = diameter of pump in inches, S = stroke 
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in inches, N ~ strokes per hour, then x S x 
N X *00284 = contents of pump in gallons per 
hour. Thus, a pump 2 in. boro x 9 in. stroke, 
making 1500 comph^te strokes per hour, would 
1 ^^ deliver 151 gallons per hour, if 
there was no waste ; but a per- 
centage of water always slips by 
the valves at the end of each 
half-stroke, and it is usual to allow 
about 26 per cent, for this loss. 

To obtain a continuous and 
even delivery of water, and to 
reduce the shock on the valves at 
the reversal of the stroke, pumps 
have been constructed with two 
and three plungers discharging 
into a common rising main. The 
plungers work in rotation, being 
cranks on the same 
100. AIR shaft. The illustration [101 J shows 
VESSEL three-throw pump manufactured 
by Messrs. Hayward -Tyler & Co, 

In this case the pump is operated by an elec- 
trical motor of 15 horse-power. 

The plungers of the *piimp are I . 

5 in. in diameter, with a 9 in. 
stroke, the revolutions being 
40*5 per minute. This pumj) 
is capable of discharging 
50,000 lb. of water per hour 
against a pressure of 160 lb. 
per square inch. 

In the crank and fly-wheel 
type the pump piston speed 
is variable, according to the 
angularity of the connecting- 
rod, and the quantity of 
water varies front zero at tho 
ends of the stroke to a maxi- 
mum at about half-stroke, when 
the pistons are moving with 
a velocity equal to that of three 

the cranks. This, it will be 
noted, causes a variation in the rate of delivery 
of the water in the rising main. The severe 
pressure that w'ould bo s(‘t up in the pump 
(due to the inertia of the water, ftnd the 
velocity) may be compensated for by placing 
on the rising main at the puni]) an air vessel, 
which acts as a bufler, or cushion of air, and 
takes up the shock. Figure 100 shows a form 
of air vessel that has been employed by the 
writer on several of the works that he has 
carried out. In cases where heavy pressures arise 
a difficulty exists in retaining the air in the 
vessel. It is therefore necessary to provide an 
air pump to supply tho vessel with air as 
required during its operation. 

The Accumulator. As pumps arc too 
slow in operation for rapid work, the accumu- 
lator [102] is fitted where rapid action is required. 
For example, imagine how slow would be the 
movement of a hydraulic lift at a railway- 
station if it were actuated directly by a pump, 
and the movements of a crane, also, or of a 
steel ingot press, or of a flanging press. Even a 
rapid-acting, high-pressure pump would be too 
Blow for most machines in which hydraulic 
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pressure is the moAvo force, and tho j)reci8c and 
delicate regulation of j>rossuro and speed which 
cranes, pressc‘s, and hammers require would be 
a practical impossibility. Lord Armstrong’s 
invention of the hydraulic accumulator has, in 
fact, made possible almost the whole range of 
modern hy<lraulic machinery. 

In these cases the pumps fill tho accumulator 
until it is bharged with majiy gallons of water 
under a pressure of from 760 to 1600 lb. per 
square inch, the latter being equal to 100 atmo- 
spheres. On opening c:omrnunicatiou between 
tile accumulator and the. lift or crane, or press, 
the pressure-water works it at a speed capable 
of regulation. The pressure or resistance of 
the accumulator is obtained by loading its 
cjxsing wtth weights to tho 70() or J5(X) lb. 
required per square inch. 

In 102 the parts arc as follows : The pre^fSu re- 
water entering at. A raises the ram B in the 
cylinder C, standing on the base H. The cross- 
head D attached to B, rising with it, receives 
rod E, on which is hung a plate, F, carrying 
a number of circular weights, (i. 
The water being pumped, there- 
fore, has to overcome the resis- 
tance of these weights, which, 
wh(‘n raised, become the source 
of slored-up eiuTgy for doing 
work by their de.sccnt. The* 
w’aUn* passes to the machine, 
being operated through a tube 
(not shown) similar to A. The 
weights are made removable to 
piuinit of regulating tlu^ pres- 
sun? according to the numlu'r 
usetl at any time. For con- 
venience, it is arranged that 
eaeli weight makes a differ- 
ence of 100 lb. in tho pres- 
sure. In the older accumu- 
lators, and in many at 
present, a easing of shoot • 
metal (the weight-cas(‘) is used insl(!ad of F, and 
loose Slone or iron is loaded in. The advantage 
of this is that the 
expense and trouble 
of transporting 
weights is avoided, 
since any rubble 
may b(^ used on the 
spot. 

The cast weights 
already mentioned 
provide a convenient 
means of regulating 
tho pressure with 
precision, as stated. 

We have now to 
note some of the 
common applications 
of the hydrostatic 
press and accuimula- 
teiH to manufactures 
Imd indiistries, which 
witl occupy the 
next article of this 

%ourse. ♦ 102. accumulator 
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Latin : Irregular Verba. English : Composition. 

French: The Negative. Spanish: Regular Verbs. 


LATIN 


By Gerald K. Hibbert, M.A. 


Sectioi^ L grammar* 

Irregular Verbs : Third Conjugation 

Continued 

Perfect reduplbates, Supine, -tum or sum. 


pendo 

pependi 

pensum 

weigh 

tendo , 

tetendi 

tensum * 

stretch 



(tentum) 

disco 

didici 

— 

learn 

posco 

poposci 

. 

demand 

currf 

cucurri 

cursum 

run 

pungo 

pupugi 

punctum 

prick 

tundo 

tutudi 

tunsum. 

thump 



or tusum 

fallo 

fefelli 

falsum 

deceive 

parco 

peperci 

parsum 

spare 

pario 

peperi 

partum 

bring forth 

cado 

cecidi 

casum 

fall 

ca3do 

cecTdi 

caesum 

cut, heat 

cano 

cecini 

can turn 

sing 

pango 

pepigi 

pactum 

fasten 

tango 

tetigi 

tactura 

touch 

pello 

pepuli 

pulsum 

drive 

tollo 

(sustuli] 

(sublatum) 

raise 

•i with lengthened stem-vowel, 4\m (throe -sum). 

facio 

feci 

factum 

do, make 

jacio 

jeci 

jactum 

throw 

linquo 

liqui 

•lictum 

leave 

vinco 

vici 

victum 

conquer 

ago 

egi 

actum 

do, drive 

frango 

fregi 

fractum 

break 

lego 

legi 

lectum 

choose, read 

fugio 

fugi 

fugitum 

flee 

cdo 

edi 

esum 

eat 

fodio 

fodi 

fossum 

dig 

fundo 

fudi 

fusum 

pour 

capio 

cepi 

captum 

take 

rumpo 

rupi 

ruptum 

break 

emo 

emi 

emptum 

buy 


B. 

U- Verbs. 




• 1 , -turn. 


acuo 

acui 

acutum 

sharpen 

Also, arguo (prove), exuo (put off), induo (put on). 

irnbuo (tinge), minuo (lessen), statuo (set up), 

tribuo (assign). Metuo (fear) and 

nuo (nod) 

have no supine. 



luo 

lui 

luitum, 

wash, atone 



or lutum 


ruo 

rui 

ruitum 

rush, fall 

Bolvo 

solvi 

Bolutum 

loosen 

volvo 

volvi 

volutum 

roll. 


Deponents. 


Pres. 

Infin. 

Pf. Ptc. 


fungor 

-i 

functus • 

perform 

amplector 

-i 

amplexus 

embrace 

nitor 

•i 

nisus, or nixus 

strife 

FRENCH, 

GERMAN 

, S PA 
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patior 

-i 

passus 

suffer 

utor 

-i 

usus 

use 

gradior 

•i 

gressus 

step 

labor 

-i 

lapsus 


morior 

-i 

mortuus 

die 

queror 

-i 

questus 

complain 

fruor 

-i 

fruitus (fructus) enjoy 

loquor 

-i 

locutus 

speak 

sequor 

-i 

secutus 

follow 

apiscor 

-i 

aptus 

obtain 

comminiscor -i 

commentus 

devise 

cxporgiHcor 


experrectus 

wake up 

fatiscor 


fessus 

grow tired 

irascor 

-i 

iratus 

be angry 

nanciscor 

-i 

nactus 

obtain 

nascor 

-i 

naius 

he horn 

obliviscor 

-i 

oblitus 

forget 

paoiscor 

-i 

pactus 

bargain 

proficiscor 

-i 

profectus 

set out 

ulciscor 


ultus 

avenge 

Irregular 

Verbs 

: Fourth Conjugation 


‘ui or -m, -turn. 


aperio 

aperui 

apertum 

open 

operio 

operui 

opertum 

cover 

ealio 

salui 

(saltum) 

leap 

sepelio 

sepelivi sepultum 

bury 



•i, -turn. 


comporio 

com peri compertum find 

reporio 

rep peri repertum 

discover 

venio 

veni 

ventum 

come 


•si, -turn (one, -sum). 


fulcio 

fulsi 

fultum 

prop 

sancio 

sanxi 

sanctum 

consecrate 

vincio 

vinxi 

vinctum 

bind 

haurio 

hausi 

haustum 

drain 

sentio 

sensi 


feel 


Deponents. 


assentior 

-iri 

assensus 

agree to 

experior 

-iri 

expertus 

try 

metior 

■iri 

mensus 

measure 

opporior 

-iri 

oppertus 

wait for 

ordior 

-iri 

orsus 

begin 

orior 

-iri 

ortus 

rise 


Note. The following verbs, while apparently 
of the fourth conjugation, are really third : 

Capio, cupio, fncio, fodio, fugio, jacio, pario, 
rapiOf sapiOf quatiOf compounds of specio and 
laciOf gradiort potior , morior ; and in some tenses 
orior and potior. In their present stem forms 
they usually retain the -i, but not before ♦, 
final e, and "short cr — e.g., copiam, cape, capere, 
capiendum. 

Morior and orior have future participles — 
moriturus and oriturus, 

NISH, LATIN, ENGLISH 


Orior is conjugated like 'patiofy except a few 
forms which follow tho fourth conjugation: 
oriri^ orirer, etc. Potior follows the fourth, but 
occasionally wavers between third and fourth : 
poterer and potirer. 

Verbs Compounded with Preposi- 
tions. Simple verbs are not so often used in 
Latin as verbs compounded with a preposition, 
the piep. either strengthening or changing the 
meaning. The following are the chief changes 
of prepositions in composition : 

1. A^ah- become a- before w, v {amittoy nvoco) ; 
abs before c, t {ahscedoy ahslergo) ; as- before p 
(asporto) ; au- before / (aufero). But afui (from 
absum). 

2. Ad- becomes a- before gn, sc, sp (asenndo, 
aspicioy agnosco). 

It remains ad- before b, d, h, j, m, r, and vowels, 
but is assimilated before other letters : afftro, 
assisto. 

3. Con- (for cum), and tw, are written rom-, 
ini-y before p, b, m (compdlo, imbuo), but are 
assimilated before /, r : colludOy irriio. They 
remain unchanged before other consonants, 
except that : 

Con- becomes co- before h, gn, and vowels : coeo, 
cognosen. Also, ignosco. 

4. Ob-y sub-, ate assimilated before c, g, p, f : 
occur ro, suffero ; except suscipio, suscito, siispcndo, 
suspicio. 

They remain before other letters, except 
sustineo, sustollo, sustuli, surripio. 

Note omit to, ostendo. 

5. E-y cx- are assimilated before /.* efjpro. 
Ex- before vowels, h, c, q, p, s,t; e- before other 
letters; edve^), eroco. 

6. Trans- becomes tra- before d, j, n : trado, 
trajicioy trano. 

7. Dis- (inseparable prefix) is assimilated 
before / ; diflero. It becomes di- before s wilh 
consonant (distringo) and certain consonants 
{diruo). Note dirimo for disivio. 

8. Re-, se- (inseparable prefixes) add d in 
reddo, redeo, redhiheo, redinio, redoleo, sedifio 
(noun). 

In addition to the changes in the props., 
there is a vowel change in the verbs tficmselves 
in becoming compounds — e.g., concutio (quatio), 
collido (l(.iedo)y explodo (plaudo), exigo (ago)y 
conficio (facio)y conliteor (fateor), retineo {tru(o)y 
etc. The student must look these up for him- 
self in the dictionary, as he comes across them in 
hi.s reading. 

Seciion II. SYNTAX 

Questions to which an affinnative answer is 
expected are introduced in Latin by nonne. 

When a negative answer is expected, by n?/m. 

When the answer is absolutely an open matter, 
by the enclitic -ne added usually to the first 
word of the sentence— c.j/., 

Eum putas bis bina esse quinque ? ^ you 
surely don’t think that twice two are five, do 
you ? 

Nonne Cassar erat imperator maximua = was 
not Cflcsar a mighty general ? 

Putaane me patria aimilem esse = do you think 
that I am like my father ? 
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The abo^e are all direct questions. In indirect 
questions — %.e., questions depending on a verb — 
the verb in the question is subjunctive. 
“ Whether ” and “ if ” in such sentences are 
rendered by (1) utrum>, followed by an or ne ; 
(2) num — e.g.y Rogavit utrum hcec vera essent 
annon « he asked whether this was true or 
not. 

Note. ‘Distinguish betwf»c*n “ whether ” thus 
introducing a dependent clause, and “ whether ” 
used to express a condition ; the latter is sive, 
a Compound of si — if — e.g. : 

Hac, sivc vera sunt sive falsa, nullo modo me 
movent = whcttior~f.e., if — this is true or false 
1 am not troubled by it. • 

Idiomatic Senten<;es to be put into Latin. 

1. iSocrates was called to trial on the charge 
of corrupting the youth, but in reality li^cause 
he had become suspected by those in power. 

2. Ho is loo wise to err, too good to be 
unkind. 

3. He came to such a pitch of folly that he 
could not bo persuaded to eat. 

4. It was resolved to send ambassadors to 
ask what was the meaning of these repeated 
insults. 

5. I hear that she died four years after re- 
turning home: T f(‘ar that her cbildion are in 
very poor circumstances. 

G. If you help me, I shall rejoice ; if not, I 
shall not take it ill. 

7. Tlio enemy at once sounded a retreat. 
When ho beard this, the general bade his men 
also retire. 

8. I came to see you at once, inasmuch as I 
had received many kindnesses at your hands. 

9. Although ho was tlu^ first to leave the 
ship, he is not the* man to be a coward. 

Itb 1 am different from what I once was ; so it 
is absolutely necessary for me to remain at home 
for several days. 

Latin Version of the Above. * 

1. Socrates in judieium vocatus est quod 
cornimperet juventutem, re tamen ip.sa quia in 
suspicionem magistratibus vcncrat. 

2. Sapientior c.st qiiam qui erret, melior 
quam qui iiu^lementer agat. 

.3. Eo stultitiu? venit ut illi non persuaderi 
posset ut ederet. 

4. Placuit legates niitti qui rogarent quid 
vcllent h» tot contumoliie. 

.5. Nuntiatum est mihi iilam anno quarto 
postquam dornum rediisset mortuam esse: eiijus 
liberi timeo ne pauperrimi sint. 

6. Si mihi subvenies (note tense), gaudebo;' 
sin minus, baud jvgre ferum. 

7. Hostes confestim rocej)tui canunt. Quod 
quurn audivisset imi)erator, siiis quoque ut 
recodant imperat (historic present). 

8. Statim venf to visum, ut qui multa bene- 
ficia a te accepissem. 

9. Qyamvis primus navem reliquerit, non is 
efit qui ignave fugiat. 

10. Alius sum at quo olim fui : itaquo me 
^oportet plurcs dies domi manero. 
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Section III. TRANSLATIONj^ 

The Great Eruption op Vesuvius. 

August 24th, A.D. 79. 

Extract from letter of Pliny the Younger to 
Tacitus. 

Nec multo post ilia nubes descendere in 
terras, operire maria. Cinxerat Capreaa et 
absconderat : Miseni quod procurrit, pbstulerat. 
Turn mater orartf, hortari, jubere, quoquo 
modo fugerem ; posse enim juvenem : se et 
annis et corpore gravem bene morituram, si 
mihi causa mortis non fuisset. Ego contra, 
salvum me, nisi una, non futurum ; dein manum 
ejus amploxus, addere graduih cogo. Paret 
a>gre, incusatque se, quod me moretur ; jam 
cinis, adhuc tamen rams. Respicio ; dcnsa 
caligo tergis imminebat, quse nos, torrcntis 
modq infusa terrae, sequebatur. Deflcctamus, 
inquam, dum videmus, ne in via strati comi- 
tantium turba in tenebris obteramur. Vix 
consederamus, et nox, non qualis illunis aut 
nubila, sed qualis in locis clausis luraino ex- 
stincto. Audires ululatus feminarum, infantium 
quiritatus, clamores virorum. Alii parentes, 
alii liberos, alii conjuges vocibus requirebant, 
vocibus noscitabant. Hi suum casum, illi 
suomm miserabantur. Erant qui mctu mortis 
mortem precarentur. Multi ad deos manus 
tollere : plures, nusquam jam deos ullos, 
setemamque illam et novissimam noctem 
mundo intcrpretabantur. 

English Version of Above. 

Not long afterwards that cloud descended 
(historic infinitive) over the land and covered 
the sea. It had encircled Capreae and blotted it 
out: it had removed from our sight the pro- 
montory of Misenum. Then my mother begged, 
exhorted, ordered me to flee in whatever way 


I might, (saying) that a young man could, 
and that she, weighed down with years and 
weakness of body, would die happy, if she had 
not been the cause of my death. I on the 
other hand (affirm) that I will not be «saved 
unless with her: then clasping her hand, I 
urge her to quicken her step. She obeys 
reluctantly, and blames heraelf for delaying me. 
Now there are ashes, as yet, however, few and 
far between. I look back ; thick darkness 
overhung us in the rear, and kept following us, 
pouring over the land like a flood. “Let us 
turn aside,” I say, “while we can see, lest 
being knocked down in the street we bo trampled 
upon in the darkness by the crowd of our 
companions.” Scarcely had we sat down when 
night (was upon us), not a mere moonless, 
cloudv night, but such night as there is in a 
closea room when the light is extinguished. 
You could hear the wailing of women, the cries 
of infants, the shouts of men. Some were 
seeking by the voice, by the voice were recog- 
nising parents, others children, others wives. 
These were pitying their own fate, those that of 
their loved ones. There were some who, 
through the fear of death, prayed for death. 
Many raised their hands to the gods: while 
more still imagined that there were no longer 
any gods anywhere, and that this was the final 
and everlasting night for the world. 

[This is a more or less literal translation, 
given in order to enable the student to make 
out the meaning of the Latin. He should not, 
however, rest content with merely translating 
Latin literally into English, but should polish 
and re-polish his English version until it reads 
well and smoothly. For models of translation 
see “ Translations,” by Jebb, Jackson, and 
Currey, published by Bell & Sons.] 


Continued 


T ¥ O U Coutiiiuod from 

JC#INixJuIOri lv(Ke 1449 

PUNCTUATION— Cow/mued 

Other stops are: 

The note of interrogation (?), placed at the end 
of all direct questions — as : “ Who is there ? ” 
It is not used after an indirect or reported 
question — as ; “ He asked who was there.” 

The note of exclamation (!), used after 
interjections and exclamations ; also usually 
after the Vocative Case — as : “ All hail, great 
master ! ” “ Alas ! ” 

Curved and square brackets, (),[], used to 
separate certain words from the rest of the 
sentence, to add an explanation of a difficult 
word, etc. 

Inverted commas, double “ — ”, or single — ’, 
used to mark quotations. Wheii a quotation 
occurs within a quotation, the inner quotation is 
generally marked by single inverted commas — 
as: 

Breathes there the man with soul A> de^ 
Who never to himself hath said, 

‘ This Is my own, my native land * 1 ” 
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By Gerald K, Hibbert, M.A. 

Exercise. 

Punctiftite the following passage from one of 
Hans Andersen’s Fairy Tales : 

“A whiptop and a little ball were together in a 
drawer among some other toys and the top 
said to the ball shall we not be bridegroom and 
bride as we live together in the same box but 
the ball which had a coat of morocco leather 
and was just as conceited as any fine lady 
would make no ^.nswer to such a proposal next 
day the little boy came to whom the toys 
belonged he painted the top red and yellow 
and hammered a brass nail into it and it looked 
splendid when the top«tumed round look at 
me he cried to the ball what do you say now 
shall we not be engaged to each other we suit 
one another so well you jump and I dance no 
one could be happier than we two should be 
indeed do you think so replied the little ball 
perhaps you do not know my papa and mamma 
were morocco slipped and that I nave a Spanish 
^oork inside me yes but I am made of mahogany 
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said the top and the mayor himself turned mo 
h& has a turning lathe of his own and it amuses 
him greatly can I depend upon that asked the 
little Jjall may I never bo whipped again if it is 
not true replied the top.” 

Correct the punctuation of the following 
passage, which is altered from one of Thomas 
Fuller’s “Mixt Contemplations on these Times”: 

“ In the year of our Lord, 1600, there happened 
a sad overflowing of the Sevem-sea. On both 
sides thereof which, some still alive one I 
hope thankfully remember ? An account, hereof 
was written to John Stow the mdustrious 
chronicler from Dr. Still : then bishop of Bath 
and Wells and three other gentlemen of credit 
to insert in his story one passage, wherein 1 
cannot omit! ‘Stow’s Chronicle’ p; 889 
Among other things of note it happened that 
upon the tops of some hills divers, beasts of 
contrary nature had got up for their safety as 
dogs. Cats foxes hares conies moles mice ; 
and rats who remained together ? Very peace- 
ably without any manner or sign, of fear of 
violence one towards another ? How much of 
man was there, then, in brute creatures. How 
much of brutishness is there now in men. Is 
this a time for those ? Who are sinking for 
the same cause 1 To quarrel and fall out : I 
dare add no more : but the words of the Apostle 
2 Tim. ii. 7. Consider what ? I say and the 
Lord give you, understanding, in all things.” 
STYLE 

The main object of our study of the Englinh 
language is that we may bo able to express 
ourselves clearly in it, whether in writing or in 
speech. Wo must aim not only at meaning 
exactly what wo say, but also at saying exactly 
what wo mean. It is not enough to liavo our 
own thoughts and ideas perfectly plain to 
ourselves ; for unless we can convey them 
clearly to other people, mistakes occur, mis- 
understandings arise, feelings are often wounded 
unnecessarily, and mischief frequently follows. 

Absolute clearness of stylo is the result of 
long and careful discipline, but it is a result 
that will well repay the labour. It can bo 
cultivated better in writing than ifi speech, 
because we can revise what we have written, 
whereas the spoken word is usually forgotten 
as soon as uttered. We should therefore make 
it a practice at first to read and re-read every- 
thing that we write, looking carefully for any 
ambiguity or any loophole for misunderstanding. 
We may be certain that if a thing i.s not quite 
clear to the writer of it, the chances are that 
it will be very far from clear to anyone else. 

Perhaps in no matter is this more important 
than in one where it is as a rule most neglected — 
viz., that of writing business letters. It would 
be interesting to know the time that has been 
lost and the money tliat has been wasted simply 
through confusion and clumsiness of expression 
in the letters of our large business firms. So far 
from being a matter of theory, to be indulged in 
merely by pedantic grammarians, the necessity 
for a clear style is a very practical matter 
indeed, as thousands of people have too late 
found out to their cost. 


Then; wjien clearness of expression in writing 
has been cultivated, clearness of expression in 
speech will follow as a matter of course. Have 
you ever noticed the different manner in which 
the same event will be described by a man of 
education and by an unlettered person ? The 
former in a few bold strokes will give you in 
two minutes a clear impression of what he has 
•seen ; the latter, however^ will take at least 
five times as long, owing to his frequent repeti- 
tions and his hunting about for words to convoy 
his moaning, and at the close your impression of 
the event is still dim and hazy. 

How Not to Write a Letter, As 
an example of what has been said above, let us 
take the following letter, written first as it 
should not be written — but too often, alas! is; 
and secondly as it should be written. Thctre 
is no exaggeration here ; thousands of fflmilar 
letters are being written every day. 

Letter from a young man applying for the 
post of cashier in a large business house : 

[The letters in brackets refer to the notes on 
the next page]. 

Dear Sirs, I have read your adv<?rtiscmcnt ft^r 

a cashier in the “ Gazette ” of ycstcrdajr’s 

date, which (a) I have only just seen, and which 
(a) I have great pleasure in applying for, as 1 
feel to have all the necessary (/;) (luaiifications 
which you require (h). If you will write to 
Messrs. Whib^ Co., I have been (c) with them 
three years, before which I was at Brownlovo’s, 
Birmingham, where I was for nearly five years 
under-cashier, as the k^stimonials from that 
firm which (d) I gave satisfaction to, and which 
(d) I enclose herewitli will show. Leaving 
them through no fault of my own, you (e) will 
see 1 have had eight years experience and good 
character, and while (/) I have never been a 
single penny wrong in my accounts, thousands 
of pounds every week have passed through my 
hands, not only in wages, but having (g) to 
negotiate delicate matters for the firm which (h) • 
needed careful handling. My ago is 31 years 
old (i), although 1 am not married, and I may 
say I am a non-smoker, but sUnidy in my 
habits, and know shorthand. I should have 
liked to have stayed (k) on in my present situa- 
tion for soimi things ; but without (Z) I will 
accept a lower salary, the firm is reducing the 
staff owing to some cause or another (w), which 
(w) 1 do not see my way to do. While (o) I should 
require a salary of £180, I do not want to be 
excessive, and should be prepared to enter- 
tain your offer as a firm (p) of first-rate standing 
in the business world, and that ( 7 ) you do not 
under-pay your servants. Hod 1 have (r) seen 
your aclvertisement sooner, I would have 
answered it before, as I said at the beginning (5), 
and trust I am not too late now, which (Z) is the 
moment I have seen it. Hoping this will merit 
your favourably attention when you read it, 
and trusting to hear further from you when 1 
should bo delighted to have an interview when 
and wUero desired. 

• Believe (v) me, Dear Sirs, 

Your obedient servant, 

X. Y. Z. 
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The letter is not entirely ungrammatical^ 
though its grammar is at fault in scnue places ; 
but it is a fair example of a confused slipshod 
style, common enough in those who have 
never trained themselves to think or write 
clearly. The faults contained in it are almost 
too many to mention, but let us notice some 
of them : 

а. The first which lefers to “ Gazette’* the seconds 
to no particular antecedent, but to some word 
like “ situation,” which is vaguely in the writer’s 
mind. 

б. Having said necessary, he has no need to 
add. “yrhich you require.” These words are 
redundant. 

c. The subject of this second half of the if 
clause should bo you, not 1 : ” If you will 
write . . . you will find that I was,” etc. 

d. TIere, again, which refers to two different 
antecedents, firm and testimonials, thus causing 
confusion. 

e. The writer having begun with a participle, 
leaving, referring to himself, the subject of the 
main sentence should be “ I,” not “ you.” It 
was not “you ” who were leaving, but “ I.” 

/. This 18 an example of misplaced emphasis. 
He means “ Although thousands of pounds 
have passed through my hands every week, I 
have never been a single penny wrong in my 
accounts.” 

gr. Hopelessly mixed. Where is there a noun 
with which the participle having can agree ? 

h. What is the ant^edent of which? Was 
it the firm or the delicate matters that needed 
careful handling ? 

i. Old should be omitted. In the rest of this 
sentence the emphasis is hopelessly wrong ; 
although and but give a false contrast, and what 
has a knowledge of shorthand to do with 
steadiness of habits ? 

k. Should be “ to stay on.” 

l. Use the conjunction “ unless ” instead of 
“ without.” 

m. Say either “ some cause or other,” or 
“ one cause or another.” 

». To what does which refer ? 

o. Wrong emphasis again ; see / above. 

p. Should be “ as being that of a firm.” 

q. The writer makes that depend on some verb 
like “ knowing,” which ho has vaguely in his 
mind. 

r. “ Have ” should bo omitted. 

s. He is here needlessly repeating himself, 
and also irritating the reader, presuming the 
reader to have re^ so far, which is doubtful ! 

t. A relative pronoun should not refer to an 
adverb, such as now. 

V. The writer having used two participles, 
hoping and trusting, both referring to himself, 
the subject of the main verb of the sentence 
should have been I,” not “ you ” (which is 
the understood subject of hdi^e). He should 
have said, ** I retaiain,” etc. 

These are a few of the details in which the 
letter is wrong. But in addition the s^tences 
are far too long and involved, and the wh<de 
method of expression clumsy and cumbersome 
in the extreme. # 


Same Letter Re-written. Contrast the 
above letter with -the following version of ^e 
same : 

Dear Sirs, — I have only just seen your 

advertisement in the “ Gazette ” of jfester- 

day’s date, and hasten to apply for the post of 
cashier there advertised as vacant. I have been 
three years with my present employers, Messrs. 
White & Co., and before that I was under-cashier 
at Brownlove’s, Birmingham, for nearly five 
years. I enclose herewith testimonials from the 
latter firm. My present employers kindly allow 
me to give you their names for reference. I 
have thus had eight years’ experience of the 
class of work required. Thousands of pounds 
have passed through my hands every week, and 
I have often had to negotiate delicate matters of 
business for the firm. I am 31 years old, 
unmarried, and of steady habits. I have also 
a knowledge of shorthand. My present em- 
ployers are reducing their staff owing to various 
reasons, but have asked me to stay on in their 
employ. As, however, they are not prepared to 
offer mo as high a salary as in the past, I have 
decided to leave. I should require a salary of 
£180 per annum ; but if that is a higher figure 
than you arc prepared to offer, I shall be glad 
to hoar what you propose. I would leave 
myself largely in your hands in this matter. I 
shall be pleased to let you have any further 
information you may require, or to have an 
interview with you if you so desire. Trusting 
that my application is not too late, 

I remain, dear sirs, etc. 

Chief Errors of Style. It is impossible 
to mention all the errors of style that can be 
committed, but the following are the most 
common. A good many of them will be 
found to have been exemplified in the letter 
given above. 

1. Irrelative Use of Words. Words arc 
often left without any relation whatever. 
Examples : 

“ Your guilt is as great or greater than his,” 
where as has nothing to which to relate. 

“ He is not only acquainted, but well versed 
in English literature,” where acquainted should 
be followed by with, to bring it into relation with 
the rest of the sentence. 

“ Having crossed the stream, the banks on 
either side fell in,” where having crossed has no 
relation to any other word of the sentence. As 
it stands, it agrees with hanks ; but the banks 
did not cross the river. 

“ Alarmed at the appearance of the sky, a 
terrific peal of thunder shook the house, so that 
he ran out,” where alarmed is not related to 
any other word. Grammatically, it agrees with 
pe^ of thunder, but it was not the peal of thunder 
that was alarmed. Thb subject of the main 
sentence should, of course, be he. 

. Such errors, as these are usually due. to forget- 
fulness or a sudden change of mind on the part 
of the writer or speaker. In the following sen- 
tence, for example, “ I would as soon perish in 
the lowest depths of (the sea — ^yea, die the most 
degrading death that is possible to man or 
woman, beast or brute, than I would accept life 
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on the terms you offer,’* the writer forgets that 
ho has started with “ as soon,” and imagines that 
he has said, “ I would rather perish.” Hence, 
the use of than. There is neea of great care to 
avoid errors like these, especially in long and 
involved sentences. 

2. Wrong Order. Many errors arise from 
a wrong or misleading order of words. 

As a rule, a sentence should run in its natural 
order ; Subject (and its limitations), predicate, 
object (and its limitations), adverbial limitations 
of the predicate — as ; “ The dying hero spoke 
words of consolation and of cheer in the midst 
of his mortal agony.” For the sake of emphasis, 
or for certain other reasons, the order may bo 
altered. But whatever bo the order, the im- 
portant point is that the meaning shall be clear. 

Great care is needed in dealing with relative 
pronouns, lest they seem to refer to a sub- 
stantive which is not intended to bo their 
antecedent. For example ; ” Ho throw a pint 
pot at her head, which smashed into a thousand 
pieces.” “ Much energy was displayed by Mr. 
Smith in running down the street after his silk 
hat, which ho felt might have boon devoted to a 
better purpose.” The only way of avoiding this 
pitfall is to place the antecedent iminediatehj 
before the relative — thus : “ Ho threw at hc^r 
head a pint pot,” etc. “ Mr. Smith, in running 
down the street after his silk hat, displayed an 
amount of energy,” etc. 

Equal care is necessary in dealing with adverbs 
or adverbial phrases, as these have an awkward 
knack of appearing to qualify words which they 
are not intended to qualify. The following 
examples arc among those given by Dr. Gow 
in his book, ” A Method of English ” : 

“ He blew out his brains after bidding his 
wife good-bye with a gun.” 

“ The Moor seizing a bolster full of rage and 
jealousy smothers her.” 

” Erected to the memory of John Phillip 
accidentally shot as a mark of alTection by his 
brother.” 

“ He was driving away from the church where 
ho had been married in a coach-and-six.” 

“ The young man colouri;d with plqpsure and 
promised to return in quite a gratified tone of 
voice.” 

3. Misplacement of Emphasis. In a 

complex sentence, errors often arise through 
misplacement of emphasis. A sentence whicJi 
ought to be independent and stand alone 
is sometimes thrown into the form of a sub- 
ordinate clause. It thereby loses the emphasis 
that should attach to it. This is especially the 
case with relative pronouns and adverbs. For 
example, the full force of “He called mo a liar, 
and then I struck him ” is not adequately repre- 
sented by “ He called me a liar, when I struck 
him.” Similarly, with “ I have said it, and I will 
do it,” and “ I have said it, which I will do.” 

Two co-ordinate sentences, each of which 
ought to stand alone, cannot be thrown into the 
form of a single complex sentence (one of the 
two becoming a subordinate clause) without 
loss of meaning. Thus, “Ink, having a bitter 
taste, makes a mark on paper ” is not a good 
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substitute for “ Ink has a bitter taste ; it also 
makes a ihark on paper”; for its making a 
mark on paper is not a consequence of its having 
a bitter taste. 

For clearness of style and simplicity of 
language the Authorised Version of the English 
Bible is hard to beat. Next to that, perhaps, 
a study of lluskin’s writings will give one an 
.idea of beauty and simplidty of style. Let a 
man road nothing but these for three months, and 
ho will find his stylo growing simpler and clearer, 
and at t ho same time more dignified. When he is 
well saturated with their spirit, ho can turn 
without harnk to exponents of other styles. 
He can road Carlyle without falling Into his 
faults, and can pass unscathed through the 
mo.st flowery and ornate sentences of the late 
Dean Farrar. But each man has a stylo of his 
own for which ho is adapted by nature. There- 
fore let his study of the great stylists be 
rather for the perfecting of his own particular 
gift than with the idea of slavishly imitating 
another’s. 

READING ALOUD 

Reading aloud seems to bo almost a forgotten 
art. Our grandfathers and grandmothers were 
adepts at it ; but as it is a process that takes some 
time, it docs not appeal to the present generation. 
Even our public readers, such as the clergy and 
ministers of all denominations, seem to think 
that anything will do in this connection. With 
few exceptions, the occupiers of our pulpits 
are utterly incompetent readers. It is, however, 
an art that is well worth cultivating. It can 
give gri'at pleasure, it can bi'come one of the 
most potent educational agoniues in the w'orld, 
and— to put it on its lowest level— it may help 
one very materially to benefit his position 
in life. 

Gloarness is hero, as in style, the main object. 
W^o need first to grasj) the writer’s meaning, and 
then to convey that meaning as adequately 
as possible to others. Hurry is fatal to reading, 
aloud. A passage that is gabbled over loses its 
intelligibility for the hearers. Emphasis is also 
a most important point, a whole passage being 
often “ murdered ” by a mistake in this respect. 
Finally, wo must strive to avoid monotony ; 
nothing is more dreary than to listen to a reader 
who ends every sentence in exactly the same 
key. If anyone wants an agonising exam phi 
of this, let him listen to a bad reader reading 
one of the longest psalms in the Psalter. The 
inflection of the voice should be carefully 
studied, so as to give as much variety and life 
os possible to the subject-mattiir. 

Value of Emphasis. Most people when 
asked if they can read aloud will promptly answer 

Yes.” Let us take warning from the fate of 
a young American student in the theological 
seminary at Andover. History relates that he 
had an excellent opinion of his own talent in 
elocution, and tlfat ho once asked his professor, 

“ What do I specially need to learn in this 
department ? ” 

Yoh ought just to learn to read,” said the 
professor. 

^ “ Oh, I can read now!” replied the student. 
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The professor hand^ him a^NeW Testament, 
and asked him to road St. Luke*xxiv. 25. 
The student read, ** Then he said unto them, 
0 fools, and slow of heart to believe all that the 
prophets have spoken.” ' 

“ Ah, ” said the professor, “ they were fools 
for believing the prophets, were they ? ” 

That was not right ; so the young man tried 
again. ^ * 

O fools, and slow of heart to believe all that 
the prophets have spoken.” 

“ The prophets then were sometimes liars ?” 
asked the professor. 

” 1 ^ 0 . 0 fools, and slow of heart to believe 

all that the ^prophets have spoken.” 


••According to this reading,” the professor 
suggested, ” the prophets were notorious liars.” 

This was not a satisfactory conclusion ; and 
so another trial was made. 

** 0 fools, and slow of heart to believe alf that 
the prophets have spoken J*' 

” I see now,” said the professor ; ” the prophets 
wrote the truth, but they spoke falsehoods. 

[Quoted by W. H. Groser in his ” Teacher’s 
Manual.”] 

Surely it is worth an effort to become good 
readers. Ten minutes a day spent in careful 
deliberate reading aloud would soon make a 
great difference in the delivery of the average 
person. 


Continued 


FRENCH 

DEMONSTRATIVE ADJECTIVES 

The demonstrative adjectives are : ce, cet, 
cette, this or that ; ces, these or those. 

Cs, this, that, is used before a masculine 
singular noun, beginning with a consonant or 
aspirated h : ce village^ this village ; ce hameaUt 
that hamlet. 

Ckt, this, that, is used before a masculine 
singular noun beginning with a vowel or silent 
h : cet arbre, this tree ; cet habits that coat. 

Cette, this, that, is used before any feminine 
singular noun : cette pelouse, this lawn ; cette 
auberge, that inn ; cette herhej that grass ; cette 
harpe, that harp. 

Ces, these, those, is used before all plural 
nouns : ces villages, ces hameaux, ces arhres, 
ces hahiis, ces pelouses, ces auberges. 

There may be qualifying adjectives between 
the demonstrative and the noun ; ce petit village, 
ce grand arhre, cette vieille maison, ces belles 
fleurs. 

f Of themselves, the demonstrative adjectives 
mean both ” this ” and “ that,” in the singular, 
and both ” these ” and ” those ” in the plural. 

When it is required to distinguish between 
nearer and more remote objects, ci ( ^ id, here), 
and Id (there), are respectively placed after the 
noun, and joined to it by a hyphen : ce bijou-ci 
est plus precieux que ce bijou-ld, this jewel is 
more valuable than that jewel ; ces tableaux-ci 
sont plus beaux que. ces tableaux-ld, these pictures 
are finer than those pictures. 

POSSESSIVE ADJECTIVES 

1. The possessive adjectives are : 

Masculine Feminine. Plural. 


My mon rm mea 

Thy ton ta tea 

His and Her . . son sa sea 

Our notre notre nos 

Your votre votrs vos 

Their leur leur leurs 


2. Posaessives agree, not with the possessor, 
as in English, but with that which is poSsesse^, 
thus : mon pire, my father ; ma mhe, my 
mother ; mea enfants, my children. Conse- 


By Louis A. Barbe, B.A. 

quently, son phe, means both his father and 
her father ; sa mhte, his mother and her mother; 
ses enfants. his children and her children. 

3. Mon, ton, son are not always masculine. 
They are also used instead of ma, ta, sa before 
feminine words beginning with a vowel or 
silent h, thus : ignorance, erreur, and histoire 
are feminine, but we say mon ignorance, ton 
erreur, son histoire. 

4. When, from the other words in the sen- 
tence, there can be no doubt as to the possessor, 
the definitive article is used instead of the 
possessive pronoun. This is particularly the 
case with regard to parts of the body : Tai mal 
d la tHe, I have a headache ; liez-lui les 
mains derrihre le dos, tie his hands (lit. to 
him the hands) behind his (the) back. 

5. The use of the definite article instead of 
the possessive adjective is very general in 
descriptions of personal appearance. Possession 
is then expressed by means of the verb avoir : 
His hair is black, il a les cheveux noirs ; her 
eyes are blue, Elle a les yeux hleus. 

Exercise X 

1. The^e are no large houses in that village. 

2. Those largo trees are oaks (chenes). 

3. These children are the sons of that barrister. 

4. This house is older than that house. 

5. That child is the most industrious (applique), 
pupil in the class. 

6. Have you spoken to that gentleman and 
to those ladies ? 

7. Why (pourquoi) have you put (mis) my 
books on that table ? 

8. Your brother has bought those horses. 

9. This little boy and that little girl are very 
amiable. 

10. I have not yet (encore) read (lu) those 
papers (journal). 

11. When (quand) those children are well- 
behaved (sage) their mother is happy (heureux). 

12. Our parents are our best friends. 

13. That young lady has black hair and blue 

14. The boy speais to his mother, and his 
sister speaks to her father. 
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COMPOUND TENSES 

The past indefinite {'paaae indefini) of verbs 
(usually called perfect in English) is formed by 
adding the past participle (participe passe) to 
the present indicative of avoir ^ to have. 

The past participle of avoir is eu. 

The past participle of itre is etc. 

The past participle of verbs of the first 
conjugation (verbs ending in er in the infinitive) 
always ends in e, thus : ahner, to love, aime, 
loved ; dohner, to give, donne, given. 

Tenses which, like the past indefinite, consist 
of an auxiliary and a past participle, are called 
compound tenses. 

Past Indefinite of Past Indefinite of 
Avoir ; I^tre : 

I have had, etc. I have boon, etc. 

fai eu j'ai He 

tu as eu tu as He 

il a eu il a He 

elle 'a eu elle a He 

nous avons eu nous avons He 

vous avez eu vous avez He 

Us ont eu Us out He 

elles ont eu elles ont He 

Past Indefinite of Aimer ; 

I have loved, etc. 
fai aime 
tu as aime 
il a aime 
elle a aime 
nous avons aimi 
vous avez aimi 
Us ont aime 
elles ont aime 

In compound tenses in which avoir is the 
auxiliary verb, the past participle docs not agree 
with the subject. 

In compound tenses the negation is formed 
by putting ne (n*) between the subject and the 
auxiliary, and pas between the auxiliary and 
the past participle. 

Past Indefinite Conjugated Negatively s 

Avoir. £tre. • 

I have not had, etc. I have not been, etc. 

je n^ai pas eu je n'ai pas He 

tu n*as pas eu tu n'as pas He 

il n^a pas eu il n'a pas He 

die n'a pas eu elle n'a pas He 

nous n*avojia pas eu nous n'avons pas Hi 
vous n*avez pas eu vous n'avez pas Hi 
Us n'ont pas eu Us n'ont pas He 

elles n^ont pas eu elles n'ont pas Hi 

Aimer. 

I have not loved. 
je n'ai pas aimi 
tu n^as pas aimi 
il n'a pas aimi 
die n'a pas aimi 
nous n' avons pas aimi 
vous n'avez pas aimi 
Us n'ont pas aimi 
dies n'ont pas aimi 


NEGATIVE EXPRESSIONS 

Tho expi%sBion8 with which a verb may be. 
conjugated negatively are : 
ne pas not 

ne . . . pointy not (stronger than ne • • . pas] 
ne , . f/ue, only, nothing but 

ne . pluSy no more, no longer 

ne . , januiis, never 

ne . yuerey not much, l^ardly 
ne . , personney nobody 

ne . . nVn, nothing 

Thus 

11 n'a pas de livreSy ho has no books. 

Il na pas eude peine y he has had no trouble. 
Il n'a point d'argenty ho has no money* at *all. 
Il n'a plus parley ho spoke no more. 

Il ne parle guirSy ho does not speak much. 

Il ne lit jamaisy he never reads. 

1 1 n'a jamais lUy ho has never read. • 
When “ nobody ” and “ nothing ’* are the 
objects of a verb, nc precedes tho verb and 
personne or rien follows it : 

je ne vois personnCy I see nobody. 

But, with compound tenses, whilst rien comes 
between tho auxiliary and tho past participle, 
according to rule, personne comes after both 
auxiliary and past participle : 

je n'ai rien vuy I have seen nothing. 
je n'ai vu personney I liave soon nobody. 

When “ nobody * * and ‘ ‘ nothing ’ ’ are subjects of 
a verb, their place is befpre both ne and the verb : 
personne ne parle, nobody speaks. 
rien n'empeche, nothing prevents. 

When any of these negations are ust^d without 
a verb there is no ne ; Who has spoken ? 
Nobody. Qui a parle f Personne. 

In ne . . . que, the que comes after tho verb 
in both simple and compound tenses : 

Je ne mns que votre jrtre, I see only your 
brother ; je n'ai vu que votre frere, I have seen 
only your brother. Ne . . . que does not pre- 
vent the use of the artielo as well as de to express 
the partitive meaning, as do tho other nega- 
tives : je n'ai vu que des arbres, I have seen 
nothing but trees. 

Note. In the following exercise special 
attention must bo paid to tho use of tho definite 
and of tho partitive articles, as explained in tho 
earlier lessons. 

Exercise XI 
Recapitulatory 

une amande, almond le lievre, the hare 
un dne, ass le lion, tho lion 

un animaly animal le loup, wolf 

le boRufy ox le mineral, mineral 

le hoiSy w'ood le metal, metal 

le chacaly jackal la noisette, hazel-nut 

le champ, field un oiseau, bird 

la cMvre, goat une oreille, ear 

le chien, dog la plante, plant 

le corps, body le poil, hair (of animals) 

un ecureuily squirrel te regne, kingdom (of 
une espice, specie^ kind Nature) 
une Hoik, star k renard, fox 

un Hre, being k tigre, tiger 

k otond,%corri la variHe, variety 

histoire, history k vcgHal, vegetable 
un interieur, interior 
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(igilet active 
ardenty mettlesome, 
spirited 

bon, good, kind, gentle 
capricieux, capricious, 
frisky 

couragetLXy courageous 
court, short 
cruel, cruel , 

docile, docile 
domestique, domestic 
feroce, ferocious, savage 
fier, proud 
fort^ strong 
jougueUx, fiery 
impHueux, impetuous 
irUhessant, interesting 
leger, light, swift 
• 

composer, to compose 
Hudier, to study 
manger, to eat 


long, llong 
naturel, natural 
nerveux, vigorous 
nomhreux, numerous 
nuisible, injurious, hurt- 
ful 

patient, patient 
robuate, hardy 
rude, rough, hoarse 
sauvage, wild 
aobre, temperate 
timide, timid 
tranquille, quiet 
vagabond, fond of wan- 
dering 

vegHal, vegetable 
vil, quick 
vivant, living 

semer, to scatter 
passer, to pass 


comme, as, like ir^s, very 

eoUremement, exceedingly ou, or 
fort, very 


Natural history studios plants, minerals 
and animals. Plants or vegetables compose 
the vegetable kingdom. Plants are scattered 
on the earth like stars in the heavens. Minerals 
are bodies in the interior of the earth. Metals 
are minerals. In the natural history of animals 
an infinite variety of living beings pass before 
our eyes. The species of animals are more 
numerous than the species of plants. The 
animals the most useful to men are domestic 
animals. Amongst the domestic animals are 
horses, asses, oxen, cows, sheep and goats. 
Horses are proud and spirited, but they are as 
docile as courageous. Horses are more elegant 
than asses and than oxen. Their ears are less 
long than the ears of asses. They are not so 
short as the ears of oxen. There are wild homes. 
They are stronger, swifter, more vigorous 
than domestic horses, but they are less useful. 
Asses are gentle, temperate, and useful. They 
a«*o as patient and as quiet as horses are proud, 
fiery and impetuous. Dogs also are domestic 
animals. There are wild dogs, but they are 
savage. Tliey are as savage as wolves and as 
jackals. Goats are not so useful to men as 
sheep, but they are very useful. Their hair is 
rougher than the wool of sheep. They are 
stronger, lighter, more active than sheep. 
They are lively, hardy, frisky, and fond of 
wandering. Amongst wild animals, lions and 
tigers are the most savage and the most cruel. 
Foxes are wild also, but they are not so savage 
as tigers. They are less savage than jackals. 
Haros are wild, but they are not hurtful. They 
are exceedingly timid. . Squirrels also are very 
timid little animals. They are very pretty and 
very interesting. They eat*fruitB, almonds, 
walnuts and acorns. There are no squirrels 
in the fields. They are in the woods on trees, 
like birds. * • 


Key to Exercise VIII. [page 1446] 

1. La s(eur du joune homme a do gcnjbils 
pet its enfants. 

2. Les vieilles maisons ont de grands j^rdins. 

3. Lo mois do decembre est le dernier mois 
de Fannie. 

4. II a achete un vilain gros chien la semaine 
derni6re. 

5. Ils demourent dans une grande maison 
blanche prds du ch&teau ruin6. 

0. II y a deux tables rondes dans la 
petite chambre carree. 

7. Avez-vous de Tencre rouge ? 

8. Non, mais j’ai de I’encre noire et de 
Toncre blouo. 

9. La langue fran^aise est une languo romane. 

10. L’Espagne est un pays catholique ; T Anglo- 
torre et TEcosso sont des pays protestants. 

11. L’enfant prit V argent d’une main trom- 
blante. 

12. La vieille ^glise est pres du pare public. 

1.3. liO pastour fran^ais est un honlme tr^s 

intelligent et trds instruit. 

14. 11 n’y a pas do reniMos infaillibles. 

15. Un brave homme n’est pas toujours un 
homme bravo. 

16. Un homme riche pent etro un pauvre 
homme. 

17. Un fo8s6 largo et profond defend Tap- 
procho du vieux chateau. 

18. Paris est une grande et belle ville. 

19. Ils ont rencontre des difficultcs insur- 
montablcs. 

20. Nous avons parl6 k un joiino homme 
tr6s aimablo. 

Key to Exercise IX. [page 1447] 

1. Le cheval est plus grand quo Fano, aussi 
grand quo lo boeuf ot moins grand quo F61ephant. 

2. IjOS chats no sont pas si fiddbs quo les 
chions. 

3. Le tigre est lo plus feroce des animaux. 

4. Mos plus beaux tableaux ot mes meilleurs 
livix^s ne sont pas ici. 

5. Void le mioux connu des romans do Dumas. 

6. II demeuro dans la plus ])otito maison du 
village. 

7. La jmoindre difficult^ decourage les 616ves 
paressoux. 

8. II a pass6 plus de trois mois on France. 

9. Trois chats mangent moins quo deux chiens. 

10. I.fe loup a mange plus do trois brebis. 

11. L’or est moins utile que le for ; For est 
le plus predeux, mais le fer est lo plus utile des 
nietaux. 

12. La montagno la plus 61evee do FEcossc 
a plus de quatre mille pieds. 

13. Voil&, un des 616 ves les plus intelligents 
de la classe. 

14. La plus jolie dos deux soeurs n’est pas 

la plus aimablc. ** 

15. Les fruits les plus amors sont sourent 
les plus sains. 

16. Le rem6do est souvent pire que lo mal. 

17. Les m6decins sont plus utiles que les 
avocats. 

18. On a souvent hissoin d’un plus petit que soi. 


Continued 
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All Spanish verbs, as wo have already noted, 
are limited to three conjugations, which are 
distinguished thus: verbs ending in ar belong 
to the first conjugation, those ending in er to 
the second, and those ending in ir to the third. 
That part of the infinitive which precedes 
these terminations is called the stem. 


Verbs. Verbs may bo regular or irregular, 
personal or impersonal, active or neuter, and 
reflective. Regular verbs arc those whicli in their 
conjugation follow the rules laid down for the 
model verb of their termination ; irregular 
verbs, therefore, are those which deviate from 
the regular form. Impersonal verbs are those 
verbs wJiich can only be conjugated in ,the 
third person ; active verbs those which express 
an action transmissible to another person or 
object ; neuter verbs, on the edntrary. express 
an action or state that cannot bo transmitted ; 
and a verb is called reflective when the subject 
is at the same time the object to whom the 
action is transmitted. 

We now consider the present indicative of 
each conjugation of the regular verbs. 

First Conjugation. [Termination ar.] 
The present indicative of all regular verbs of 
the first conjugation is obtained by adding the 
terminations o, a^, a, amos, ais, an to the stem. 
Comprar, to buy, may be taken as a model 
for the ^t conjugation. 


Present Indicative of Comprar 
Singular Plural 

Compr-o, 1 buy Compr-anws, we buy 

Compr-as, thou buyest Compr-ais, you buy 
Compr-a, he, she buys Co7npr-an, they, you 
you buy buy 


Questions are formed in Spanish simply by 
putting the subject after the verb, and negative 
sentences by placing the adverb no in front of 
the verb. The EngUsh auxiliary verb “to do 
is never translated. 



Exercise XV 

V 

To use 

Usar 

To employ 

Emplear 

To advise 

Avisar 

To sign 

Firmar 

To draw 

Girar 

To take 

Tomar 

To travel 

V iajar 

To accept 

AcepUir 

To work 

Trabajar 

At sight 

A la insta 

Secretary 

Secretario 

The hour 

La hora 

Tea 

Te 

Terms 

Condiciones 

Coffee 

Cafe 

Daily 

Diariarnente 

Winter 

Jnviemo 

The milk 

La leche 


Thank you Gracias 



1. I use large envelopes. 2. My friend employs 
two servants. 3. We do not advise (to) our 
customers. 4. Does the secretary sign all 
(the) cheques ? 6. They do not draw at sight. 
6 . Do all the clerks speak Spanish ? . 7. He 
does not travel in winter. 8. They do not accept 
our terms. 9. Do they worji many hours daily ? 
10. Do you take tea or coffee ? 11. 1 take 

coffee with milk, thank you. 


By Jos€ C&rceles, B.A. 


Second Conjugation. [Termination er.J 
The present indicative of all regular verbs of 
the second conjugation is formed by adding to 
the stem the terminations o, es, e, enios, eis, en, 
Beber, to drink, is a model for this conjugation. 


Present Indicative of Beber 


Singular 
beb’O, I drink 
belhes, thou drinkest 
6e6-e, he, she drinks, 
you ^rink 


• Plural 
beb-ernos, wo drink 
beb-eis, you drink 
beb-en, they, you drink 


To learn 
To run 
To eat 
To sell 


Exercise XVI 
Aprender To believe 


Greer 

Correr To answer Responder 

Comer To fear Tenter^ 

Vender To owe Deber 

To promise Prometer Fast Deprisa 

Foreign Exirarijero The quarter El trimestre 

The fan- To under- « , 

g,iago Htand Comprender 

Shopkeiqier Tendero Explanation Explicacidn 
The consequences Lns consecuencias 


1. Ho learns foreign languages. 2. That 
horse runs very fast. 3. Do you cat much 
bread ? 4. The shopkeeper does not sell much 
now. 5. Do they not understand your ex- 
planation ? 6. I believe they are not English. 
7. Why do they not answer ? 8. Because they 
fear the consequences. 9. I do not promise 
that. 10. We owe three quarters. 

Third Conjugation. [Termination iR.] 
The present indicative of all regular verbs of the 
third conjugation is formed by adding to the 
stem the terminations o, es, e, imos, is, en, 
Cumplir, to fulfil, may be taken as a model 
for the third conjugation. 


Present Indicative ok Cumplir • 
Singular Plural 

cumpl-o, I fulfil cumpl-imos, wo fulfil 

cunipl-es, thou fulfillest cumpl-is, you fulfil 
cumpl-e, he, she fulfils, cutnpl-en, they, you fulfil 
you fulfil 


Exercise XVII 

To live Vivir To admit Admilir 
To receive Recibir To discuss Discutir 
To go up Subir To decide Decidlr 
To attend Asistir To supply Surtir 
Seldom Bararnente The price El precio 
Spring Prhnavera Promises Promesas 
Several Varias Money Dinero 
The firm Lacasa European Europeo 
To distribute Repartir The meeting La reunidn 
Every week Todas las semarms 


1. He does not live here now. 2. Do you 
receive news fi%m America every week ? 3. 
Why do they not admit children? 4. We do 
not discuss that. 6. The prices very seldom go 
up in \he spring. 6. What do you decide ? 
7. She never fulfils her promises. 8. Who dis- 
tributes the money? 9. We supply several 
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European firms. JO. I do ifot attend (to) all 
their meetings. «• 

Reading Exercise 
Ariicxdos de la Constitiicidn Mejicaiia 

Articulo 30. Son mejicanos : (1) Todos los 

nacidos, dentro 6 fucra del territorio de la Re- 
publica, do padres mejicanos. (2) Los extran- 
jeros cpie se naturalicen conformo & las leyes do 
la Ftideracion. (3) l^s ex trail] eros quo ad- 
quicran biencs raices en la Rcpublica, 6 tengan 
hijos mejicanos, siempre que no nianifiesten dcso- 
luci6n de conservar su nacionalidad. 

Articulo 31. Es obligacion dc,.todo mcjicano : 
(1) ^Defender la independencia, el territorio, cl 
honor, los derechos 6 intcrcscs do su patria. (2) 
Contribuir & los gastos publicos, asi de la Fedcra- 
ci6n como del Estado y municipio en que resida, 
de Ir, mancra proporcional y equitativa que 
dispongan las leyes. 

Articulo 32. Los mejicanos serdn pref(‘ridoa 4 
los extranjeros, en igualdad de circunstancias, 
para todos los empleos, cargos 6 comisiones de 
nombramiento do las autoridades, on que no sea 
indispensable la calidad de ciudadano. Sc 
expedirAn leyes para mejorar las condieiones do 
los mejicanos laboriosos, premiando A los que se 
distingan en cualquier ciencia 6 arte, estimulando 
al trabajo y fundando colegios y escuelas 
prActicas do artes y oficios. 

Articulo 33. »Son extranjeros los quo no posean 
las calidades determinadas cn cl articulo 30. 
Ticnen derecho A las garantias otorgadas en la 
sepcion correspondiente dc la prosente (^onstitu- 
cion, salva en todo caso la facultad que el (lo- 
bierno tiene para expeler al extranjero pemicioso. 
Tieiicn obligacion de contribuir a los gastos publi- 
cos, de la manera quo dispongan las leyes, y de 
obedccer y respetar las instituciones, leyes y 
autoridades del pais, sujetandose A los f alios y 
sentenoias de los tribunalcs, sin poder intentar 
otros recursos que los que las leyes conceden A 
^ los mejicanos. , 

Translation of Reading Exercise 
Articles of the Mexican Constitution 

Article 30. Mexicans are : (1) All those bom 
within or without the Republic, of Mexican 
parents. (2) Foreigners naturalised in con- 
formity with the laws of the Federation. (3) 
Foreigners who acquire real estate in the Re- 
public, or have Mexican children, if they do not 
declare their intention to retain their nationality 
of origin. 

Article 31. It is the duty of every Mexican : 
(1) To defend the independence, the territory, 
the honour, the rights and interests of his 
country. (2) To contribute, in the proportional 
and equitable manner provided by law, to meet 
the public expenses of the Federation, the 
State, and the municipality in which he resides. 

Article 32. Mexicans shall be preferred under 
equal circumstances to foreigribrs, for all public 
employments, charges, or commissions, when the 
citizenship is not indispensable. Laws shall be 
enacted to improve the conditions of inaustrieus 
Mexicans, by rewarding those who distinguish 
themselves in any science or aH, promoting labom^ 
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and founding colleges and manual training 
schools. 

Article 33. Foreigners are those who dofnot 
possess the qualifications determined in the 
Article 30. They have a right to the guayantocs 
established by the corresponding section of the 
present Constitution, except that in all cases the 
Government has the right to expel pernicious 
foreigners. They are under obligation to con- 
tribute to the public expenses in the manner 
which the law’s may provide, and to obey and 
respect the institutions, law’s, and authorities 
of the country, subjecting themselves to the 
decisions of the tribunals, without power to seek 
other protection than that which the laws 
concede to Mexican citizens. 

Key to Exercise XI 
1. (Ella) estA cantando. 2. EstAn andando. 
3. Es tamos corriendo. 4. EstAn vendiendo. 5. 
Estoy aprendiendo espanol. 6. EstA tronando. 

7. j EstA Vd cscribiendo una carta A mi amigo ? 

8. I Dondo cstAn viviendo ahora ? 9. EstA 

abriendo la puerta. 10. Estamos firmando ol 
documento. 11. (Ella) estA comprando un 
sombrero. 12. Estoy bebiendo un vaso de leche. 
13. EstA lloviendo. 14. EstAn imprimiendo un 
libro. 

Key to Exercise XII 
1. (Ella) ha cambiado su dinoro. 2. (Ellas) 
ban arrcglado los papcles. 3. Su socio ha 
rochazado la oferta. 4. i Ha preguntado Vd su 
nombre ? 5. No hemos ofrecido generos nuevos 
cste aho. 6. Los fabricantes han concedido una 
bonificacidn A sus clientes. 7. No he Icido ol 
informo todavia. 8. Mi amigo ha perdido su 
destino. 9. i Han rocibido Vds los giros del 
banco ? 10. (Nosotras) hemos pedido dctallos 

dc la oferta. 11. El empleado ha ido al correo. 
12. Su mensajero (de Vd) ha venido tarde csla 
mahana. 

Key to Exercise XIII 
1. I Quien estA ahi ? 2. Soy yo. 3. i Quioncs 
fucron al toatro anocho ? 4. Ese es el comerci- 

ante, cuyo tclegrama hemos rocibido esta 
manana. 5. i De quien es cste lApiz ? 6. ^ A 

quien ha hablado Vd en la escalera ? 7. ; Para 
quien os esa factura ? 8. El hombre que hemos 

visto en fa calle es el jefe de la oficina. 9. Nosotros 
somos los que hemos cambiado el billete do 
banco. 10. i Es Vd quien ha llamado A la puerta? 

11. No ; cl hombre que ha llamado estA abajo. 

12. I Con quien ha cenado Vd ? 13. No he 

cenado todavia ; no he tenido tiempo ; he estado 
ocupado toda la manana. 14. j Quien cstA 
fumando en la sala ? 15. Los hombres que han 
traido los baules. 

Key to Exercise XIV 
1. ; CuAl diccionario ? 2. ; QuA giros ? 3. El 
ha enviado dos cheques firmados los cuales no 
he recibido. 4. i CuAi* ha traido Vd ? 5. Ho 

escrito el informe que he prometido. 6. Yo no 
s6 cuales tiene. 7. No ha telegratiado todavia, 
lo cual cs muy extrafio. 8. Hemos pedido diez 
cajas, . las cuales no han Uegado todavia. 9. 
He comunicado las notioias al oajero, cl cual ha 
comprobado las cu^tas en el acto. 10. \ Qu6 
respuesta I 11. j QuA lindo I 

Oontintied > 
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The “ Skeleton *’ and “ Forward ” Bastes. Important Points in 
* Fitting a Garment. Errors and Alterations. Waterproofing. 

• TRYING ON AND FITTING 


ERE are several methods of preparing a 
garment for trying on, but as a nile one 
of two styles is resorted to. f’hese are known 
as the “ skeleton ” baste [25*] and the “ forward ’* 
baste 

In the former the various seams are basted 
together, the canvas is put in the fore parts, 
one sleeve basted in, and sometimes a piece of 
canvas is put on to do duty for the collar. This 
plan is very defective, as it does not convey, 
either to the cutter or the customer’s mind, any 
proper idea of what the garment will be like 
when finished. No seams are sewn, no manipu- 
lation is done, and no linir<gs are in. 

In the latter style the shoulders and fronts 
are both worked up, the seams arc sewn with the 
exception of the back or the under*arm scam, 
the shoulders and the scye, the first row of sewing 
is put in, the edge and the linings arc basted 
over, both sleeves basted in, and the collar 
basted on but not covered. This necessitates 
more work being put into the garment before 
it can be tried on, but as it is nearly all work 
that stands, it is not labour wasted. 

Fitting. The first thing to note in trying 
on a garment is that it is properly on. This re- 
quires some little care ; owing to the scye seams 
not being opened the armhole is smaller than it 
will be when finished. The 
garment being properly on, 
the first thing to note is 
the balance. If it hangs 
away at tlie back, it is 
too long in the front. If 
it stands away in the 
front it is too short in 
the front. If the balance 
is not correct, rip shoulder 
scams and adjust it to the 
customer’s needs, then 
proceed to pin the fronts 
together and note the size. 

Place the two front edges 
together, and pin it up 
as shown on Fig. 28, 
and then proceed to (a) 

note the various points 25. “skeleton” and 
in the following* order; 

1. The top of back, including the height of 
collar. 2. The back scye, including the top of 
side-seam. 3. The waist at back and sides. 4. The 
bottom of the back and sides. [Points 1 to 4 
are illustrated on 26] 5. The balance of the 

sleeve. 6. The width of the sleeve at the elbow 
and cuff. 7. The length of the sleeve. [Points 5 to 7 
are indicated on 27] 8. Tlie shoulder and front 

of scye. 9. The height of buttoning and the 
lapel. 10. The waist at front. 11. The bottom 
of the front [28]. 




Having noted these points, find out your 
customer’s^ ideas on the various points and 
arrange for finish. • 

Alterations. Alterations are never at- 
tractive, but if customers are t-o be consulted, 
then alterations are sure to occur. They arise 
from errors in size and shape. 

Errors in %ize. A garment nyiy • he 
either too long or too short, t(To wide or too 
narrow. In shortening jackets, trousers, etc., 
the alteration must be done at the bottom, other- 
wise it will affect the depth of scye and, in the 
former case, the natural waist length, ancl, in 
the latter, the body rise. In dealing with 
sleeves it may be desirable sometimes to shorten 
equally at top and bottom in order to avoid 
getting the elbow too low. 

In lengthening there is generally only one place 
to do it, that is where.the inlay has been left. There 
are, however, one or two artifices that are helpful 
with certain garments. For instance, sleeves 
may be lengtVienod by putting on ciitTs, and vests 
by putting in new backs. The body rise of 
trousers may be lengthened by dropping the fork 
and making up the length of leg by the inlay 
at the bottom. In increasing or reducing th(5 
width of a garment that is made up, it is generally 
done at the under-arm seam, adjusting the arm- 
hole as far as possible; 
and if the alteration is 
only a moderate one it 
answers fairly well. If, 
however, the alteration is 
extreme it will be neces- 
sary to adjust the neck 
point, otherwise the alter- 
ation will bo too local. 

Errors in Shape. 
The total length and width 
of a garment may be cor- 
rect, but the size may not 
be properly distributed, 
thus there may bo too 
much room in the back, 
and too little in the front, 
(bj and vice versa. These 

“forward” baste defects show themselves 
in folds and creases. 

Folds indicate an excess of material in the 
reverse way to which they run, thus horizontal 
folds indicate excess of length perpendicularly. 
Perpendicular folds are the result of excess of 
width horizon tolly. Creases, on the other hand, 
are the result of a lack of material in the direction 
in which they run — as, for instance, creases from 
neck point to froijt of scye, which are caused by 
a shortness at the neck point, which must l)e 
lengthened. Fulness, or loose material, is gener- 
ally due^ to a tightness at some surrounding 
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part, as in the case of fuln^s at the top of 
side seam in lounges, which is frequently caused 
by too much suppression taken out of the 
waist. 

Twisted seams are caused by the upper and 
lower layers of the material not being put to- 
gether fairly, the one being kept tight whilst 


at both leg and side seams for 10 in. or m. tlown 
from fork, and full on a corresponding amount 
over the calf. 

Waterproofing. Many garments are now 
made up from shower-proof cloth. It is common 
with tailors to send the garment to be waterproofed 
after the seams are sewn, etc., but before it is 



shoulder and take a V out at front of gorge. 

Creases across the forearm of si/eeve. 
Lower forearm, or raise the front pitch and lower 
the hind arm pitch. 

Tightness on top button. Crooken the 
shoulder, and, if necessary, let out under-arm. 

Fulness at top button. Straighten the 
shoulder and, if necessary, take in under the arm. 

.Fulness at fork of trousers. Reduce width 
at bottom of fly scam, and take in at top of leg 
seam. 

Strain from fork to knee. Let out at 
top of leg seam and, if possible, crooken the seat 
seam. 

Horseshoe folds in trousers. Rip side 
seam and leg seam, and keep under side on tight 


How to Test Cloth. If cotton is suspected, 
the simplest plan is to dissolve all the wool ; 
this may easily be done by putting a piece of 
the material into a solution of caustic potash 
and letting it boil for a short time. If the 
reverse operation is desired — i.e., to destroy the 
cotton — it may be done in this manner : Soak 
it in dilute sulphuric acid standing at 4° Baurae, 
for half an hour, then take it out, rinse, wring, 
and dry it in a place where the temperature 
is 180“ to 200“ F. 

If it is desired to remove silk, it may be slowly 
dissolved by concentrated zinc chloride made 
neutral by boiling with zinc oxides. These 
are a few things out of many in which the 
chemist can help the tailor. 
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GROUP 23-METALS & MINERAIs AND THEIR MANUFACTURES-CHAPTER 12 

The Sources, Properties, Recovery, and Industrial Uses ot Tin 
and Zinc. Tin-plates. The Processes ot Tinning and Galvanising. 

TIN AND ZINC 


TIN 

Tin, the symbol of which is Sn, and the atomic 
weight 117*35, was one of the metals familiar to 
and used by primitive man. Bronze is an alloy 
of tin and copper, and bronzes have been recovered 
from the ruins of ancient Nineveh and other sites 
which were peopled back in the dawn of recorded 
history. 

Properties of Tin. The colour of metallic 
tin is silver white, with a lustre that increases with 
the temperature at which it has been poured. The 
orystalline structure of tin. is the cause of the “ cry 
of tin — thtrt is, when a piece of tin is bent, the 
crystals grind against each other, and occasion the 
peculiar sound so designated. C/ommercial tin has 
a specific gravity of 7*6, purer tin being slightly 
lower. At low temperatures tin is very ductile — its 
int of maximum ductility being at about the 
iling point of water — and can bo beaten and rolled 
into foil, but at 200*^ C. it is extremely friable and can 
be powdered. Though ductile, it has little tenacity. 
Its exact melting point is uncertain, but is about 
228® C., its boiling point is between 1,600® and 
1,800® C., and at diis temperature it bums in the 
air, thereby forming stannic oxide. Its thermal 
conductivity is about 160 (silver = 1,000), and its 
electrical conductivity at 21® C. is slightly over 
11 (silver = 100). 

Occurrence of Tin. The localities favoured 
by deposits of tin are not numerous. The mineral 
never occurs in the native state and only in a few 
chemical combinations. The most common ore is 
cassiteritii or tinstonCf a dioxide of tin (SnO.J. 
The tinstone found in Cornwall contains also sul- 
phide of copx)er, wolfram, pyrites and other minerals. 
It is in the form of veins usually in plutonic or 
metamorphic rocks. Alluvial tin, washed from 
these rocks by denudation, is known as stream 
tin,” and possesses a high degree of purity. The 
British deposits of “ stream tin ” are nearly ex- 
hausted. The world’s chief sources of tin are Corn- 
wall, in England, and the Malay Peninsula. Less 
valuable deposits occur in Spain, Bohemia, Sweden, 
Australia, Africa, and Bolivia. The North .^merican 
continent, so rich in other minerals, seems to have 
been very sparingly dowered with deposits of tin. 

Alluvial Tin. As with gold, the first tin- 
workers confined their attention to alluvial deposits, 
which have been formed by the disintegration of 
TOrtions of the stanniferous granite masses — the 
disintegrated portions being carried away after 
denudation and deposited in the lower valleys 
and river beds. The alluvial deposits in the Malay 
Peninsula are worked chiefly by the open-cast 
method, although in some cases hydraulic mining 
[see MINING ] is practised, and in exceptional 
instances shaft work is undertaken. They show 
up to 60 lb. of “ black tin” or tinstone— which con- 
tains from 66 per cent, to 76 per cent, metallic tin — 
per cubic yard of gravel. The tin wash, as it is termed, 
18 found from 2 ft. to 30 ft. under bods of clay and 
sand, and varies in thickness from a few inches 
up to 15 ft. or 16 ft. The ” wash ” consists of gravel 
worn smooth in its descent from the parent masses, 
and carries tin ore up to 30 pftr cent, of its weight. 


The Malay tin-miners are Chinese, and their tools 
and methods are primitive. The wash, as the 
name impliis, carries much water, and after the 
overburden has been removeef, the men work in 
swamps, which are drained in primitive fashion 
by Chinese wooden chain pumps and water-wheels. 

The wash may be left in heai»s to dry in the sun, 
in which case the clay becomes hard and may be 
removed, loaving*gravcl only. The method pf ffon- 
centrating the gravel ore is by putting it into a 
trough some 30 ft. long, with an inclined bottom ; 
water is allowed to run over it, and the mass is 
agitated by men wielding long hoes. The sand is 
washed away by the running water, and the coacen- 
tratc mineral — which is two-thirds tin — is sent to 
the cupola furnace to bo smelted, 'riie furnace used 
is small — about 6 ft. high — and is made of clay 
strengthened with stakes and girt with iron rings. 
Charcoal and tin ore are jmt into the eontre of tlie 
furnace, which has an aperture in the rojir for the 
supply of a blast, produced by hand bellow’s, and 
for raking. The smelted metal runs from a hole 
in the bottom into a depression made in the ground 
and is ladled into moulds in the sand, which give it 
the form in which it reaches the market. 

The alluvial deposits of New South Wales are 
found under sand dunes [see 0T5OLOOY] from 200 ft. 
to 300 ft. wide, and from 10 ft. to 20 ft. high, which 
have been formed parallel to the sea coast and 
run several miles inland. 

These dunes are made up of a thick top layer of 
white beach sand, from 10 ft. to 16 ft. thick, undcr« 
which are 2 ft. or 3 ft. of black snnd, and finally 
about 1 ft of gold and tin bearing sand on the top 
of red-brown sandstone rocks. The washing of this 
sand enables the recovery of the metallic tin, which 
is frequently associated with heavy proportions of 
gold and of good quiintitics of platinum, iridium, 
and other rare metals. 

Tin 0#e. Cassiterite (SnO.,), the oxide of tin, 
the form in whi(;h tin ore most frequently occurs, 
has a hardness between 6 and 7 according to 
Mohs’ scale, a stiocific gravity of 6*8 to 7, and a 
chemical composition of 78*6 per cent, of tin and 
21*4 per cent, of oxygen. These constituents vary 
in their proportions according as iron, manganese, 
cop{)er, and other minerals enter into the com- 
position of the vein. In appearance tin ore is dark 
red-brown or slate coloured. 

Success in tin-mining depends more than in the 
case of most other base metals upon the skill which 
guides the mechanical preparation of the ore after 
mining. The ore is picked and sorted by hand, 
the non-stanniferous pieces being discarded and 
the true ore being put to one side. The latter is 
then passed through the stamp batteries. Tlie stamp 
generally used in Cornwall weighs about 7 cwt., and. 
makes about 60 drops of 10 in. per minute, crushing 
about 1 ton of ore every 24 hours. Greater efficiency 
could be attained by the use of more modern stamps, 
which would multiply output throe or four times. 
The ore under the stamp is pulverised to a fine- 
ness that will pass through screens with about 144 
holes to ®ach square inch. The result is so much 
saritt, and the problem now is to separate that part 
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of the sand which is really black tin the worth- 
less residue. To effect this separation, the greater 
weight of the black tin — which is rather more than 
douolo that of the sand — is made to assist. The 
crushed ore, carried by water, flows into tanks, 
known as buddies^ which, in principles, consist of 
a series of tanks stepped one below the other, tho 
heavy metallic) particles depositing in tho first and 
highest tank and th^ finest in the last and lowest. 
The bottom of many of these buddies takes the 
form of an inclined plane, with ridges right across 
its face, and on these ridges the heavy stanniferous 
sand settles. Again, the bottom may be made to 
move cither by an agitating or by a rotary motion, 
and thf results of these modiflcatidhs are better than 
those attained by the original type. 

The recovered black tin still contains many im- 
purities. It is now passed through tossing tubs, or 
chimming tnbs, which work on the same principle 
as the buddies, and tho further purified tin sand 
is known as whits. This is now calcined in order 
to decompose the arsenical pyrites. Again the buddies 
and tossing tubs are called into service as often as 
may be required to remove the impurities, and tho 
result is a cleaned and conccntratetl tin sand which 
is the marketable commodity known as black tin, 
containing about 66 per cent, of metallic tin. 

Smelting Tin. The furnace used for smelting 
is of the reverberatory type [see page 270J, with a 
bed about 18 ft. by 9 ft., and has a fireplace and a 
stack at opposite ends. Tho tapping hole is at the 
back, and is kept closed during the smelting. ; An 
ore charge weighs from 20 cwt. to 25 cwt.i and after 
being incorporated with about one-fifth of its 
weight of anthracite powder it is spread evenly 
over the furnace bottom. If noco.ssary, fluor-spar 
or lime may bo added as a flux. The door is closed 
•and “ luted ” up — that is, plastered \ip with clay — 
and the heat raised for five or six hours, after .which 
tho door is opened, the heated mass is rabbled, ” or 
stirred up, and some powdered anthracite is’ spread 
over the surface. After being heated again for-about 
an hour, and a further stirring, tho furnace is tapped. 
The slag left is chiefly ferrous silicate, but contains 
some tin, and it is usually heated afterwards to 
remove this. * 

Refining Tin. The processes we have described 
carry us to the point of refining. The refining proper 
is preceded by a preliminary liquation in a re- 
verberatory furnace, which takes a charge of about 
18 tons. The temperature is carefully watched, and 
as it rises to tho point of melting, the purer tin is run 
off into a special pot or “ kettle ” heated by a 
separate fire. The impurities — iron, copper, sulphur, 
and other constituonta — ^remain as hard head, a 
white, brittle ma.ss which contains about 20 per cent, 
of metallic tin. The purer tin, which has run off, 
is retained in a molten state in it-s own kettle, and 
logs of green wood are plunged beneath its surface. 
Under the heat tho wood gives off gas, which causes 
agitation of tho molten metal, and the formation of 
a scum containing the impurities. The same result 
is sometimes attained by pouring the metal from 
a height of 17 ft. or 18 ft. into the kettle, this process 
also producing the scum and removing the impurities. 
The operations we have described give the com- 
mercial products known as covmnon tin, or refined 
tin acconiing to quality. For tne latter, purer ores 
are used, and the refining is prolonged. Block tin is a 
lower quality than refined tin. 

Alloys of Tin. Apart from its use of a coaling 
on baser and cheaper metals, the chief indus&ied 
use of tin is in alloying with other metals. Although 
it is a soft metal, in combination with other soA 
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metals it forms a hard alloy. Lead alloyed wifh 
tin has a higher malleability and ductility than 
pure tin, but a lower touglmess. All soft solders 
nave tip as a constituent [see Soldering]. In 
addition to soft solder, tho tin-lead alloys include 
powter and tinfoil [see also page 1457 J. Pewter was 
formerly used extensively in the manufacture of 
domestic utensils, but the solubility of the lead 
made lead poisoning frequent if the proportion of 
load wore high. The maximum proportion of lead 
which shoula be used in tin-load alloys for culinary 
utensils is from 10 per cent, to 15 per cent. The 
acids of fruit have no appreciable effect upon 
such an alloy, but if the lead bo in excess of this 
it dissolves and enters into solution in the food. 

Alloys of tin and lead are used in a molten state 
for tom poring steel tools. The finer the tools tho 
higher is tho proportion of tin. Thus, for razors, 
penknives, and surgical instruments the proportion 
is about two parts of lead to one part of tin ; while 
for small saws, the amount of tin is only one- 
twelfth that of the lead. 

Tin-copper Alloys. The tin-copper alloys 
include bronze, gun-metal, and bell-metal. Ancient 
bronze was a dual alloy, containing only copper and 
tin, but the French bronzes of to-day are made of 
triple or qutidruple alloys, usually tho latter, con- 
sisting of copper, tin, lead, and zinc, and sometime) 
in addition with small proportions of arsenic, anti- 
mony, nickel, and sulphur. The colour of a tin- 
copper alloy varies from red to white, as the pro- 
])ortion of tin rises. From 90 per cent, copper to 
70 per cent, copper, tho colour ranges from red to 
orange yellow, pure yellow, light yellow, and white, 
lironzo increases in hardness as the proportion of 
copper rises to 35 per cont. of the alloy. From this 
proportion to an alloy with 73 i)cr cent, of copper 
the brittleness is high, but as the copper exceeds the 
latter value, the tenacity increases. Gun-mobil 
has 90 per cent, copper and 10 per cent, tin, this 
proportion being tho mixture of maximum hardness. 

. Tin-antimony Alloys. Tin alloyed with 
antimony gives bearings metnl and Britannia 
metal. Such alloys are harder and loss malleablo 
than pure tin, but are equally white. Increase in 
tho proportion of antimony increases the brittle- 
ness. Tin-antimony alloys should bo cast at as low 
a temperature as possible, so that the excess of 
antimony may not separate from the outectic 
alloy. Ordinary Britannia metal usually contains 
not mof^ than about 10 per cent of antimony, 
the remainder being tin. Sometimes a small pro 
portion of the tin is replaced by copper, and occasion- 
ally zinc or bismuth is also employed. A small pro 
portion of bismuth increases the fusibility. The 
points of merit about Britannia metal are that alloys 
of tin and antimony yield good sharp castings, arc 
tougher than tin, and take a better polish than 
tin-lead alloys. The manufacture of Britannia 
metal hollow-ware, such as teapots and coffee-pots, 
used to bo a much larger Sheffield industry than it is. 
Nickel-silver has displaced it considerably. Most 
of the Britannia metal- ware now made in Sheffield 
is o’ectro-plated. It can be distinguished from 
nickel-silver, because when stnick sharply it sounds 
as a dull thud, whereas nickel-silver hollow-ware 
similarly struck gives a clear, sonorous ring. 

Antifriction Metals. Bearings metal or 
antifriction metal is frequently an alloy of tin and 
antimony, containing about 20 per cent, of the 
latter. It is usually^ however, not a dual alloy, but 
contains also copper, lead, or zinc [see also page 
1458]. The formulas given for antifriction metals 
are very numerous, but that the science of eutectic 
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understood is proved by the 
•satisfactcr in proprietary antifriction metals, 
ment t^^ii'ip*^ which is not acknowledged. 

Doin'' of tin and zinc are harder than tin, but 
hard as zinc. Their use is limited. They 
are made into imitation silver leaf, and also cast 
into ornaments. The metals may bo alloyed in all 
proi)ortions. 

Tin amalgam — that is, an alloy of tin and mercury 
— has a more restricted use than it had in the days 
when it was the agent adopted for silvering mirrors. 
Dentists use tin amalgam for filling teeth, one part 
of finely divided tin being triturated with four parts 
of mercury, and the excess of mercury being squeezed 
out in a chamois leather bag. The amalgam is 
pressed into the tooth and hardens in a few days. 

Then we have alloys of tin, bismuth, and lead, 
used for type metal and printing blocks. 

Tin«plates. Tin-y)lates are sheets of iron or 
steel, coated with tin. Sheets of Siemens steel are 
chietly used for tin-plates, but charcoal- iron, which 
waa, before the era of steel, the usual base, is still 
employed. Common qualities of fn-plato used to 
be made of puddled iron, and were known as cohe 
plates, while charcoal plates were made from 
charcoal- iron. Bars of steel are made red hot, 
passed through chilled rolls, thereby being drawn 
out to about double length, folded in the middle, 
and again heated. Another rolling, another doubl- 
ing, then another heating, rolling, and doubling 
takes place, until perhaps the final sheet contains 
as many as 32 plica. The sheets arc trimmed to 
proper size, and the plies pulled apart, each ply 
then being a rough “ black plate,” so termed from its 
adhering coat of rough black oxide. This oxide must 
1)6 removed before the plate can be tinned, and the 
oiDeration, which is called pickling^ is done with a 
warm solution of sulphuric acid in water for about 
fifteen or tw'cnty minutes, followed by washing and 
rubbing with sand. Annealirtjg, or maintaining at a 
high temperature for some time, then takes ])lace. 
The annealing ovens are wrought- iron boxes of a size 
to hold the plates, and have removable upper parts, 
with joints that can be mode tight against the 
ingress of air by being covered with sand. The 
annealing boxes are placed in a large furnace and 
kept at red heat for about ten hours, after which 
they are withdrawn, and the sheets are allowed to 
cool. After this, the sheets are rolled to give them 
smoothness, for a tin-plate can have a good surface 
only if the black sheet has had a smooth surface. 
The rolling may have made the sheets hftrd again, 
80 a second annealing in cast-iron pots, and at a 
lower temperature, is given. Again the sheets are 
pickled, but in acid solution weaker than formerly, 
are rubbed with sand, and put into water to await 
the moment of entry into the tinning batlis. 

Plant for Tin-plates. The baths or ])ot8 
used in the actual tinning process are usually five 
in number. The first is the grease-pot, which holds 
melted grease, such os tallow or palm oil, and the 
sheets are immersed in this until all water has 
evaporated from their surface, and they c.arry a 
uniform layer of grease. The second pot contains 
molten tin covered with a layer of grease, and the 
sheet is transferred from the grease and put into this, 
where it receives a coat of tin. The third pot is the 
washing- pot, also containing tin, and the sheet, with 
an imperfect coating taken on in the tin- pot, passes 
into the first compartment of the washing- pot, and 
acquires a uniform coating. The plate is removed 
and treated by a workman with a wire brush, who 
then puts the plate into the second compartment 
of the same pot, which is the final tin bath, and 


contains the best tfh. The next pot is a grease-pot, 
in which th« plate passes between carefully-adjusted 
rollers that remove excess of metal and give a 
better surface. The grease which adheres as it leaves 
this lost pot is removed by rubbing with bran or 
sawdust, and a final surface is given by rubbing with 
a piece of the fieece of a she'jp. The finished tin- 
latcs are then examined for defects, and finally 
oxed for the market. 

Varie^es of Tin-plat as. All the plates do 
not issue perfect. Defective plates are known as 
waMertt, and if very bad, as tMiste-icaste. In common 
tin-plates, primes — that is, sheets passed as perfect — 
usually amount to from 80 per (;ont. to 1)0 per cent, 
of the whole ; but in charcoal plates the standard 
of quality allowed to pass inspection is much hijhor, 
and primes may bo only 40 per ct?nl. to 80 i^r cent. 
Wasters are sold as such, and there is always a 
market for them. 

The commercial designations of tin-plate are very 
confusing, and the sht*ets are packed in boxes Vhfch 
are consistent neither in the number of shoot/S that 
they contain nor in weight. The table that follows 
gives the particulars of the various varieties and 
sizes. It is, indeed, tifue that some sjm})ler method 
of packing and indicating tin-plates should be 
adopted. Cumbrous and awkward systems of 
reckoning also prevail in the manufacturing pro- 
cesses, but into those we cannot enter. 


TFIE TIN-PLATKS Op COMMERCE 

Description 

Mark 

Dimen- 
sions of 
Sheets 

K umbel 

o( 

Sheets 
in s Boi 

Weight 
of Each 
Bos 



Inches 

Sheets 

Lbs. 

Common No. 1 

10 

14 kIO 

225 

108 

Cruan No. 1 

IX 

14x10 

225 

136 < 

Two crotBeit No. 1 

IXX 

14 xlU 

225 

157 

Three croBi»e«i No. 1 ... 

ixxx 

14x10 

225 

178 

Four croBBCt No. 1 

IXXXX 

14x10 

Z 2 S 

199 

Common No. 1 

10 

14x20 

112 

108 

Cbobb No. 1 

IX 

14x20 

112 

136 

Two croBBCB No. ] 

IXX 

14x20 

112 

157 

Three croBses No. 1 ... 

IXXX 

14x20 

112 

178 

Four croBBet No. 1 

IXXXX 

14x20 

112 

199 

Cohimon ]<(o. 1.. 

IC 

28x20 

56 

108 

CrOBB No. 1 

IX 

28x20 

56 

136 

Two croBieg No, 1 

IXX 

28x20 

58 

157 

Three croelea No. 1 ... 

IXXX 

28x20 

56 

178 

Four croBBAB No. } 

IXXXX 

28x20 

56 

199 

Common No. 1 

IC 

12x12 

225 

108 

Cross No. 1 

IX 

12x12 

225 

136 

Two crosses No. 1 

IXX 

12x12 

225 

157 

Three crosses No. 1 ... 

IXXX 

12x12 

225 

178 

Four eroBies No. 1 ... 

IXXXX 

12x12 

225 

199 

Common doubles 

DC 

17 X 124 

100 

94 

Cross doubles 

DX 

17 X 124 

100 

122 

Two'crots dou blei 

DXX 

17 X 124 

100 

143 

Three-cross doublee ... 

DXXX 

17x124 

100 

164 

Four-cross doubles ... 

DXXXX 

17 X 124 

100 

185 

Common doubles 

DC 

17x25 

50 

94 

Cross doubles > 

DX 

17x25 

50 

122 

Two-croM doubles 

DXX 

17x25 

50 

143 

Three-cross doubles ... 

DXXX 

17x25 

50 

164 

Four-cross doubles ... 

DXXXX 

17x25 

50 

185 

Common doubles 

1 DC 

.54x25 

25 

94 

Cross doubles 

DX 

34x25 

25 

122 

Two-cross doubles 

DXX 

34x25 

25 

1 143 

Three -cross doubles ... 

DXXX 

34 x25 

25 

164 

Four cross doubles ... 

DXXXX 

34x25 

25 

185 

Smsll common doubles 

sne 

15x11 

200 

167 

Small cross doubles ... 

SDX 

15x11 

200 

188 

Small two-cross doubles 

SDXX 

15x11 

200 

209 

Small tbree-crossdoiibles 

SDXXX 

15x11 • 

200 

230 

Small four -cross doubles 

SDXXXX 

15x11 

200 

251 

Small common doubles 

8 DC 

15x22 

100 

167 

Small cross doubles . . 

SDX 

15x22 

100 

188 

Small two-cross douhiM 

8 I)XX 

15x22 

100 

209 

Smsll three-cross doubles 

SDXXX 

15x22 

100 

230 

Smsll four-cross doubles 

SDXXXX 

15x22 

100 

251 


•Terne Plates. Temc-plates are made in the 
same way as tin-plates, and differ from them onlv in 
that the coating given to the black plate is an alloy 
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of tin and lead. The proportions of the mixtnre 
vary with different manufacturers, buf* a frequent 
and a satisfactory mixture contains 75 per cent, of 
lead and 25 per cent, of tin. Such plates are used 
extensively for rooBng purposes, particularly in the 
United States, in Russia, and in mid-eastern Europe. 

Uses of Tin-plates. Steam power and 
machinery have rovofutionised the working of manu- 
factured tin-plates. “ Pieced ** work, so-called — 
that ia, articles made^ by the tinsmith, vmo cuts out 
and' puts together pieces of the plate to make tin 
hollow-ware — has been su^rsedea by the product 
of stamping machinery. The largest consumers of 
tin-plates in the world are the petroleum oil com- 
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panics of America and Southern Russia, who 
• manufacture square tins in which to export much 
of their refined oils. The packing industries in 
Chicago and elsewhere are also large consumers, as 
well as the fruit and fish canners. 

But besides the tinning of black plates, which is a 
localised industry, and in this country con6ned to 
South Wales, the process of tinning finds a wide 
scope in coating all classes of manufactured iron, 
steel, and metal articles, from pins to saucepans, 
from harness buckles to meat tins. For such work, 
a detailed desefiption of the plant and processes may 
serve some good purpose in this article, because, 
while there is small likelihood that any student of 
these pages will desire to set up tin-plate works, it is 
more than probable that many may desire to install 
tinnin g plants as finishing departments of metal- 
working businesses. • 

Tinning, The operation of tinning resembles 
in many respects that of galvanising by the hot 
process. Artioles are galvanised to protect thex|^ 
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from rust. The more expensive proc , ,, , 

has the same object, but the zinc oou*^; . 
former process is not suitable for articles for 
purposes, and in the sphere of cooking 
and for food containers tinning finds its gn^’.. 
field. Tinning also remains brighter than galvan-^ 
ising, although those not thoroughly familiar with 
the distinctive appearance of galvanising and 
tinning may often mistake a badly tinned article 
for a well galvanised article. Tinning was in vogue 
for coating articles of malleable iron, and of wrought 
iron and steel long before it was used for common 
cast iron. The process upon the latter material is 
a little more difficult, and it will demand special 
treatment. 

Tinning Plant. A description of a tinning 
lant will be more lucid if we take a typical case, 
lit it cannot be claimed for any typical case that 
its details are suit- 
able for all cases. 

The requirements 
of the work must 
modify the details 
in installing a plant 
for a particular 
purpose. A good 
general arrange- 
ment for a tinning 
shop is shown in 1, 
and the purpose of 
the various fixtures 



will be explained as 2. HAND TOOLS FOR GAL- 
we describe the VANISING AND TINNING 

process. The small A. Dross scoop B> Wire dipping- 
hand tools neces- for small 

work Sheet-iron basket Q and 

sarjr are modified skimming tools 

by the nature of 

the work done, but the tools shown in 2, and also 
used for galvanising, servo most purposes in the 
tinning shop. 


Preparing the Work. The smoothness of 
the coating of tin depends quite as much upon the 
metal surface as upon the oven deposition of the tin 
envelope. Common articles are cleaned from rust, 
sand, and adhering dirt, by immersion in acid — 
sulphuric acid, muriatic — otherwise called hydro- 
chloric acid — or hydrofluoric acid. Where a better 
coating is desired, the articles are further prepared 
by rolling them in special barrels with gravel and 
water. These barrels, made of a convenient form 


and size for the work, are caused to rotate upon a 
horizontal axis, and the agitation and friction 
makes the articles within smooth to a degree 
projKirtionate to the time during which they are 
subjected to this treatment. When extra fine 
results are desired, the articles may receive a second 
rolling in coarse dry sand, and even a third rolling 
in scraps of leather, but common work seldom 
warrants the expense of this extended treatment. 

Wrought iron and steel can have rust and 
scale removed in a piokle mode of sulphuric acid 
diluted with water to thirty times its volume, or with 
muriatic acid diluted to fifteen times its volume. 


Hydrofluoric acid is sometimes used, and is much 
quicker in its action, andHs less likely to injure the 
castings. The strength is from 1 in 20 of water 
to 1 in 30. The pickle should be kept warm at, 
say, 160® F. Stirring is necessary during the 
process if the articles are of such a form that the 
surfaces of different articles are liable to rust in the 
bath in contact with each other, thereby preventing 
the acid from getting to its work. Sheets of iron 
or steel are placed in wooden racks arranged to 
keep them apart. Every article should be examined 
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Individually os it comes from the bath, and if not 
* ilfitisfactory, should be subjected to further treat- 
ment, or should have any scales removed with a 
pointed instrument, such as an old tile. Small 
articles are then “ rolled ” in barrels, as already 
described. This process dot's not increase the ad- 
hesion of the tin coating ; it merely gives a smoother 
surface. Over-pickling, which is apt to follow the 
use of sulphuric or muriatic acid, makes the work 
pitted, and care must be taken to avoid it. 

If the articles be sandy, every particle of sand 
must be removed, or bad work will result. This 
may be done in the manner described later for 
preparing work to l)e galvanised. Washing with 
the aid of wire brush nibbing may be necessary to 
remove the sand perfectly. 

Malleable castings should always be rolled with 
dry, sharp sand or shot, to secure a good surface. 
If the articles have paint or grease on their 
surfaces they should be immersed in a hot, strong 
solution of caustic soda, and then washed in clean 
water, finally going to the pickling tank to have 
the rust and scale removed. 

After being cleaned by one or more of these 
processes, the articles are put into a tank with clean 
water — not into running water, which would cause 
oxidation — until they are wanted for the tinning 
kettle. 

Dipping the Articles. Small work is 
usually strung on wires for immersion. Make the 
wires long enough so that there may be plenty of 
room to put the articles well into the tin. Take a 
wire laden with articles, immerse the latter for a 
few minutes in a tank containing a solution of 
muriatic acid (1 to 5) to remove any remaining 
traces of rust, then into muriate of zinc solution 
(zinc chloride) made by dissolving zinc in muriatic 
acid to saturation point, and finally put into the 
kettle of molten tin. 

Common work is often done in a plant with only 
one tinning kettle. The diagram [1] provklcs 
for' two kettles, which are almost essential. With 
one kettle the slag or dross whicli accumulates on 
the surface is apt to adhere to the finished articles. 

Several wires filled with work are put info the 
kettle and allowed to remain there until the articles 
are as hot as the tin, which should be about 5(K)‘^ F. 
When this point is reached the work is withdrawn, 
care being necessary in the manner of withdrawal. 
With a ladle held in the right hand, clear the surface 
of the molten tin free from slag, so that no slag or 
flux may bo carried away by the articles as they are 
withdrawn. 1’hen withdraw a laden wire and 
plunge it immediately into the second kettle, which 
should have a temperature of about 400'’ F., or 
460° P. for very small articles. Care shouhl l:o 
taken that none of the surface slag or flux is taken 
over by the work into the second kettle. The second 
kettle should have a layer of tallow on the top, to 
the depth of i in. or 1 in. When the temi)erature 
of the articles in the kettle has fallen to that of 
the second kettle they are withdrawn, swung 
around sharply so as to throw olT any surplus 
metal, and then thrown into a tank of kcrosiru* 
oil. This tank has a water jacket, preferably with 
circulating water, to prevent the oil overheating. 
In this tank the tin coating sets, and when the 
work is withdrawn from it, which may be at any 
convenient time after the tin has set, it is thrown 
into clean sawdust, which takes up the oil. 
The operation of tinning is now complete, and if 
the proTOr method has befen followed, and care 
exercised, the articles have a smooth coating, 
uniform in depth and colour. 
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Preparing 6ray Cast Iron for Tin» 
ningt get a good coating on common spray 
cast iron, several precautions in addition to those 
used for ordinary wrought iron and steel, and for 
malleable cast iron, are necessary. If grease or 
paint bo present, or if there be traces of resin from 
resin cores used in the moulding, the articles should 
be washed in a strong hot aqueous solution of caustic * 
soda, as ^Ircady described for removing grease in 
tinning wrought iron. Castings have always some 
adhering sand ; this should be removed with hydro- 
fluoric acid and water, as <already described. Sul- 
phuric acid or muriatic is often used, but hydro- 
fluoric acid is prcferahlo, ns it dissolves the sand — 
not dislodging* it only — and does not attack the 
iron as the other iivids do. • * 

Of the several other processes em))loyed to make 
common gray castings suits b o for a deposit of tin, 
one succe.ssful proce.ss may be described. A special 
tumbling barrel, containing a mixture of muriatic 
acid, sal ammoniac, and water, is used. The barrel 
should be much stronger than an ordinary tumbling 
barrel. A body J in. thick, with cast-iron heads 
14 in. thick, arc good sizes. The manhole cover 
will serve if 1 in. thick, and well 8U])ported with ribs. 
This strength is necessary to withstand the action 
of the gases generatofl by the chemicals user!, and 
valves shouhl be provided to permit the' escape of 
these gases. Place the cleaned castings in this 
barrel, and let one-fourth of the inside capacity be 
occupied by “ stars ” — small castings of the shape 
indicated by the name and used in ordinary tumb- 
ling — and shot : then add water until the barrel is 
three- cjimrters full, and finally put in 15 lb. of 
muriatic acid, and 2 lb. of sal ammoniac. Close the 
manhole and set the barrel in revolution. Soft iron 
requires about hours of mrh rolling, and hard 
eastings may require double this time. 

Then the work is withdrawn from this barrel alfd 
j)laced in the storing tank (containing clean water) 
until it is to be put into the kettle to receive its 
bath. When that time comes the castings, either 
strung on a wire or in a wire basket, are immersed 
in a boiling solution of caustic soda or potash for 
about two minutes; this is followed by rinsing in 
water, then by a bath in a weak solution of muriatic 
acid (I iif 40), then by immersion in muriate of zinc# 
— prepared as already described — to every gallon 
of which 51b. of sal ammoniac has been added, and 
finally, into the first tinning kettle at 500’ F. This 
kettle should have a 8|xjcial II ux on the surface 
prepared by boiling muriate of zinc on top of the 
tin and adding thereto some sal ammoniac. The 
consistency of this flux is an essential to good work. 

If it tcmids to become thick or hard, add more of both 
ingredients, and remove any hard part with a 
skimmer. Then the second kettle is called into 
operation in duo course, and as already described, 
and the subsequent oil bath and sawdust. 

Recovering Waste Tin. Many thousands 
of ]X)unds sterling are wasted annually in the tin 
which adheres to tin-plate scraj), and many solutions 
of the problem of how to recover this tin have been 
sought. Nearly all successful processes are secret. 

Any process of recovery which hrfs depended upon 
an acid solvent has jirovcd far too costly, 'fhe 
solvent invariably attacked the iron below the tin, 
became soon oxlinustod, and had to be frequently 
renewed. Success is possible only by an electro- 
lytic process, similar to that employed in the manu- 
facture* of electrolytic copper. One such process 
rilay be described. The electrolytic bath is said to 
be a solution of caustic soda, or of sodium nitrate, 
and the scrap tin-plate, of course, forms the anode. 
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The tin-plate scrap, freed from grease if necessary, 
and compressed so as to take up as litfre room as 
possible, is suspended in wire baskets in a wooden 
tank. Between the various baskets copper cathode 
plates are suspended. Both the baskets and the 
cathode plates are suspended so as to be clear of the 
, bottom of the tank, where sludge accumulates. 
The solution is made of 30 lb. of caustic soda in 
100 quarts of water, and in use is maintained at 
about 150® F. by ak exhaust steam coil. The 
solution is made to cover both baskets and the 
cathode plates. The electric current causes the tin 
to deposit on the cathode plates Is a spongy mass, 
which is easily detachable by hand. This mass must 
not l^e recovered in the presence ofiair, or it would 
oxidise aVay. It is covered with powdered charcoal 
and coke breeze, and is melted in a closely-covered 
crucible. 

ZINC 

Zine was one of the last of the common metals to 
come into extended industrial use. There is evidence 
that it was known to the ancients, because* zinc 
br^^elets have been found in the ruins of Eastern 
cities which were destroyed several centuries before 
the opening of our era, but the knowledge was 
evidently lost, because during the long Middle 
Ages zinc was unknown to Europe as a metal. True, 
brass used to bo manufactured by heating copper 
in a mixture of calamine (the ore of zinc) and char- 
coal, but the metal zinc was not known to be 
procurable from this ore. During the third decade 
in the eighteenth century Henckel discovered that 
zinc could be obtained from calamine. But it was 
about a century later before what may be termed 
the zinc industry was established. Thus, zinc may be 
said to be about one hundred years old as a com- 
mercial product, and the process of galvanising, or 
(gating iron sheets with molten zinc, to impart 
powers of resistance to corrosion, was first applied 
only seventy years ago. 

The world’s chief sources of zinc ore are Germany, 
Italy, Spain, France, Sweden, Austria, Algeria, 
Great Britain, New South Wales, Greece, and 
Belgium, this being the order of importance. 
The chief producers of zinc are Germany, Belgium, 
France, and Great Britain, in the order named. 

* Thus, the smelting and refining of zinc ore# does not 
belong essentially to the districts where the ores 
are found. Zinc ores carry high percentages of zinc, 
so that tran8i)ort in their unreduced state is 
relatively inexpensive. 

2inc Ores. There are two main zinc ores — 
talaminet or carbonate of zinc (ZnCO;,), and zinc 
blende, or sulphide of zinc (ZnS), which the miners 
term “ black jack,” on account of its deep black 
colour. Minor sources are the oxide of zinc, which 
usually occurs in combination with oxide of man- 
ganese and zinc silicate. 

Characteristics of Zinc. Zinc is a bright 
bluish white metal, with the atomic weight 66*4, a 
specific gravity of about 7*125, which rises if it be 
cooled rapidly, and a melting point of 416° C. 
In Mohs’ scale of hardness its place is 2*5. Its boil^pg 
point is 920° C., but it burns in the atmosphere at a 
tem|)erature of 60O° C. The texture of zinc is laminar, 
sometimes granular. Its fracture is granular or 
crystalline according to the temperature to which 
it has been raised in casting, and is easily recog- 
nisable. When heated over 100° C. the metal be- 
comes ductile and may be rolled into rods or sheets, 
or drawn into wire. After cooliim subsequent to this 
treatment, it remains ductile. The tensile strength 
of zinc is between 7,000 lb. and 8,000 lb. per square 
inch of section; its thermal conductivity is 28*1^ 
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(silver 100), ai’d its electrical conductivity is 
16*92 (mercury at 0° C. =s 1). 

The ores are formed in two distinct forms— 
mineral veins and in irregular deposits. Of the 
former class zinc blende is the most abundant nnd 
within the last two decades it has taken place above 
calamine, which was the first form of zinc ore to 1^ 
treated. 

Preparing Zinc Ores. Since the inception 
of the zinc smelting industry, the plants and pro- 
cesses employed have* undergone modification, and 
we shall consider only those practised to-day in 
modem works. There ore two main processes, 
termed respectively the Belgian and the Silesian. 
They differ in the retorts and furnaces used, and in 
the methods of handling the ore. Zinc ores, having 
been raised to the surface, are concentrated so that 
the cost of furnace treatment may be reduced. Con- 
centrating merely means rejecting the valueless or 
objectionable portions of the ore mass, leaving the 
selected rich pieces to be treated. Three processes 
of concentrating are in practice, and specific ores 
may be subjected to one, to two, or to all three of 
these processes, which are hand separation, gravity 
separation, and magnetic separation. I’he pro- 
cesses employed in individual oases depend upon 
the class of ore under treatment. 

The ore as brought from the shaft is usually 
broken either mechanically by jaw crushers or by 
hand. The latter practice is the better, although the 
more costly. It is usually practised when low wages 
rule in the district. Hence it is common in Central 
Europe, but infrequent in America. Mechanical 
breaking causes too heavy a loss by making “ fines,” 
or dross, and it is valuable zinc-carrying rock that 
is most easily made into fines. Hand-breaking with 
hammers is thus the better practice. 

Having been broken, the ore is screened to 
remove the fines. The remainder is then sorted by 
hand. The best method is by a circular revolving 
table, or by a long belt conveyer. In either case the 
work moves in front of the operator at suitable speed, 
and he or she (for in Continental Europe the sorters 
are often women) removes the pieces according to 
instructions, putting the waste aside and retaining 
the blende or calamite as the case may bo. 

The process of gravity separation requires, first, 
that the ore Should be crushed to such a fineness 
that the minerals are well separated. The crushed 
ore is carefully screened, which grades it into various 
sizes, and ^ch size is washed and treated by itself in 
tanks or buddies, such as are used in other metal- 
lurgical processes, and which are described in Tin 
Recovery. 

The magnetic separation in zinc ore concentra- 
tion is practised in New South Wales and in America. 
It is somewhat costly, involving the use of expensive 
plants, but it has been found to bo remunerative. 
Zinc and zinc compounds are non-magnetic, or, at 
most, only feebly magnetic. But if the associated 
minerals in the zinc ores are magnetic, they can 
easily bo separated by magnetism. For instance, 
in Bohemia iron in the form of siderite is separated 
from zinc by heating the mass, then grinding it 
and screening it, and finally treating it in magnetic 
separators. In Pennsylvania also the zinc ores 
which carry franklinite, willomite, calcite, zinkite, 
and tephroite, are separated by a direct magnetic 
process without previous roasting. 

Calcining Zinc Ores. When the ore has been 
concentrated in the manner described, it must be 
calcined to remove the carbon dioxide and water, 
and also to make it more porous. Roasting decom- 
poses carbonate of zinc into zino oxide ana carbon 
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dioxide, and nearly all of the latter is driven off. 
The roasted mass weighs only about 66 per cent. 
6f its original weight. 

The process of roasting may be carried out in the 
opep, the ore being piled in heaps, or it may be 
done in reverberatory or shaft furnaces. The first 
method is the most costly and wasteful, and is not 
suitable for calamite, although it was formerly 
employed for “ blende ” ores. Some sulphide ores 
(such as nickel ores) are roasted in the ojicn, as their 
sulphur contents supxfiy a great proportion of the 
heat necessary for their calcination. Thus for zinc 
a furnace of some sort is almost invariably em- 
ployed. A common shaft furnace of the limekiln 
ty|)e may serve, but it has the objection that the 
calcined ores arc mixed with the fuel ashes. Such 
furnaces run to 20 ft. high, and treat up to 30 tons 
each 24 hours, the fuel consumption being from 
3 per cent, to 6 per cent, of the ore before treatment. 
The shaft furnaces are sometimes grate-fired ; these 
give a cleaner result, but are more exjumsive in 
fuel charges, these running from 6 per cent, to 
9 per cent, of the raw ore. Their ca])acity also 
is only half that of the ordinary shaft furnaces. 

Several varieties of the reverberatory furnace are 
employed, and these furnaces are the only suitable 
means of treating “ fines.” They are more exfien- 
sive than shaft furnaces in both labour and fuel. 
Sometimes they are heated by the waste gases from 
reduction furnaces. In Kansas and Indiana natural 
gas supplies the fuel. 

Calcining Zinc Blende. Blende, the sul- 
phide ore of zinc, must be calcined to reduce the 
sulphide to an oxide, and the contained carbonatc.s, 
if any, must also be converted into oxides. In prac- 
tice, it is found impossible to remove the sulphur 
entirely, and up to about 2 per cent, may remain. 
The ore must ne finely crushed, and may not be 
coarser than can pass a mesh of V j in. Calcination of 
zinc blende reduces its weight by 12 cent, to 
20 per cent. The operation is performed in shaft, 
reverberatory, or muffle furnaces. Preliminary 
roasting is frequently conducted in shaft furnaces, 
and the sulphur, which may have been up to 30 per 
cent, to 35 per cent, of the raw ore, is reduced to 
7 per cent, or 8 per cent. The sulphur dioxide given 
off may bo used for the manufacture of sulphuric 
acid. 

The final roasting when shaft furnaces are used 
for the preliminary roasting — or the only roasting if 
the shaft furnace has not been used — tajtes place in 
either a reverberatory or a muffle furnace. The 
former is adopted when the gases given off are not 
to be used, and the latter when they are to be used 
for sulphuric acid manufacture. Muffle furnaces 
yield gases rich in sulphur dioxide, and calcine 
the ore thoroughly. The gases of reverberatory 
furnaces, on the other hand, give gases very low 
in sulphur dioxide, which cannot bo proiitably 
utilisea. Before the gas can bo allowed to pa.s8 
into the atmosphere, however, it must be diluted 
or otherwise treated so as to rendc?r it innocuous. 

Zinc Distillation. The next process in the 
treatment of zinc ore after it has been concentrated 
and converted into oxide is the recov'ery of the metal 
by distillation. Zinc oxide when heated to a high 
temperature is reducible by carbon or carbon mon- 
oxide. Practice emplovs a heat of 1300^ C., although 
the precise reduction neat is below this. The metal 
is reduced in retorts or muffles to the form of vapour, 
which is liquefied by coejing to about 600® C., 
and is collected in clay vessels called receivers or 
adapters. 


The Belgian fttorts have a round section, the 
WestphalHin are of oval shape with a flat base, and 
the Silesian are Q -shaped. They are usually made 
of fireclay and burnt clay, and it is essential that 
they should bo of as refractory a nature as possible. 
The receivers or adapters in which the zinc vapour 
condenses are short tubes of clay which are luted 
to the end of the retorts. The furnaces in which* 
the retorts are heated are shaft furnaces, and are 
fired externally. The retoits are ranged in tiers, 
and alo])e forward in the furnaces. The zinc oxide 
is charged into the retorts with from 40 per cent 
to GO i^er cent, of its weight of coal or coke. Some- 
times the charge is pressed into blocks wdth tar. 
The actual prqpess of distillation recjuires care. The 
furnace is fired for some days before the f^torts 
are charged, and at first the charges which are 
introduced into the retorts after removing the 
adapters are light, but are gradually increased. 
A retort charge is usually about G31b. of ore, and is 
reduced in twelve to twenty-four hours. Tlie Con- 
densed zinc is raked into ladles from the adapters 
into iron moulds, and forma ingots weighing from 
40 lb. to 44 lb. After a charge has been reduced the 
residue is raked from the retort, which is again 
charged with a fresh supifiy of material, and the 
process is repeated ns before. 

Refining Zinc. The zinc drawn from the 
adapters may be sufficiently pure for commercial 
purposes if the ores have been carefully selected, 
but it may, on the other hand, contain fair pro- 
portions of iron and lead, which can be removed by 
a sim^fie process of refining. The crude zinc is molted 
gradually again, and kept in that state for some 
time. The iron rises to the surface, and may bo 
removed as scum. The lead sinks to the bottom and 
the zinc may bo drawn off, leaving the lead ; or the 
underlayer of lead may be removed by an endless 
screw working in a cast-iron i)ij)e. 'fhe higher ^e 
jiurity of the zinc the greater its value, and while 
pure zinc is almost imx^ossible to obtain, care in 
selecting the ores and in the subsequent treatment 
will give something approacliing chemical purity. 

Zinc Alloys. The most important use of zinc 
is in the galvanising trade, and the processes of 
galvanising are discussed later. The next most 
important use is as a constituent of alloys, li^ 
alloying, many metals — including tin, nickel, 
aluminium, manganese, iron, and copyjor — exercise 
a stronger colour influence than zinc, while zinc has 
a stronger colour influence than lead, fdatinum, 
silver, and gold. This means that the metals which 
we describe as having a stronger colour influence 
impart their colours to those lower in the scale to 
an extent much higher than their xiroportion of 
the alloy. The most imi>orttint binary alloys of 
zinc are with copper and with aluminium. Zinc- 
cop per alloys form brass and yellow metal, and these 
constitute a science in themselves [see next article]. 
The two metals unite in all proportions, but for 
industrial use the proportion of C/OXipor is seldom less 
than 50 per cent. When zinc is in excess the alloy 
lo-ses strength, and the higher the excess of zinc the 
vfeaker and harder is the a Hoy. Increase in the copper 
proportion of a zinc-copper alloy gives a dep|>er 
colour, at the same t ime increasing the malleability 
and softness. Alloys having up to 35 X)er cent, of 
zinc can be rollqjjl and drawn only if cold ; if the zinc 
j)rox)ortion bo from 35 per cent, to 40 per cent., the 
alloy can be worked either cold or hot. Brittleness, 
and therefore difficulty of working, increases as 
the zinc increases. The most ductile alloy contaiiin 
from 16 per cent, to 20 per cent, of zinc, and sheet 
brass for fine work has this proportion. Brass for 
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oarti^idges has 28 per c^ht. of zinc. brass usually, 
contains more zinc, as it is the cheaper Sngredient, 
from 30 per cent, to 40 per cent, being common. 

Alloys of' zinc and aluminium are important 
industrially, especially since the reign of the motor- 
car began. Castings containing from 25 per cent, to 
33 per cent, of zinc are clean and sharp, besides being 
* ve^ strong and capable of being machined easily. 

With lead, zinc has y.ery little alloying power, as 
the two metals unite ta.a very small extent. Each of 
them can dissolve not more than I'O per cent, of its 
fellow. Bismuth and zinc are also unsuitable for 


tion, and prevents these latter from ^netratlng 
to' the surface beneath. The process of 'zinc coating ' 
is termed galvanising. 

Processes of Galvanising. There are 
three differeht processes of galvanising— tho> hot 
process, the electrolytic process, and the dry 
or oxide process. The first named is the original 
rocess, and is practised by nearly every firm who 
o galvanising work. It has manv advantages; 
although it has a few disadvantages ; but the former 
have, up to the present, been held to warrant 
faithfulness to it. It is suitable for all classes of 


alloying. It has been found that*zinc can dissolve 
only 2*4 per cent, of bismuth, and bismuth can dis- 
Bolve^not more than 14*3 per cent 4 iof zinc. Zinc 
amalgam*^ — that is, an alloy of zinc and mercury — 
is used in the zinc anodes of galvanic batteries. In 
its preparation, a zinc plate is heated to about 
600"' F., and after l>eing coated with a brush with a 
solution of chloride of zinc and ammonia, it is dipped 
into mercury. Anodes prepared thus give currents 
more constant and intense than do ordinary zinc 
plates. 

Sheet Zinc. Zinc has been used as a roofing 
material for about a century. Nowadays, galvanised 
steel sheets have a much wider application than 
zinc sheets for roofing. But the life of a galvanised 
iron roof is seldom longer than fifteen years, even 
with periodical painting, while the life of a zinc roof is 
indefinite. Some zinc roofs are in good condition 
after" forty years of service. The sheets of zinc 
used for roofing should not be soldered when they 
are to be subject to wide degrees of temperature, as 
the contraction and expansion of zinc is higher than 
those of other roofing metals. Nails used with zinc 
roofing should be of zinc, or, at least, should be 
galvanised. A zinc roof has the advantage of 
lightness, being only about one-fifth as heavy as a 
1^^ roof — zinc sheets being thinner than lead 
sheets — and one- tenth as heavy as tiles. 

Other uses of zinc sheets include their suspension 
as plates in boilers to prevent corrosion of the 
boiler shells. The galvanic current which they induce 
causes the lime and organic matter to act upon 
the zinc instead of on the boiler, thereby protecting 
the latter. Thin zinc sheets, sometimes purchased 
flat discs and sometimes turned off the *zinc bar 
in spirals, are used in gold extraction by the cyanide 
rocess. Perforated sheet zinc — the perforations 
eing round or ornamental in form — ^is used ex- 
tensively for ventilators, and for domestic meat 
safes. As lining for packing-cases and coffins, as a 
material for hollow- ware, such as watering-cans, 
buckets, etc., sheet zinc has a limited but useful 
consumption. The printing trades use zinc exten- 
sively for process blocks. 


work — sheet, cast, and wrought iron and steel. The 
plant must be large enough to handle the articles 
to be galvanised, of course, but there is no class of 
work that cannot be undertaken by it. No other 
method is suitable for what is termed galvanised 
hollow-ware — that is, articles such as buckets, bins^ 
water-pots, and other containers of sheet iron or 
steel that have to be galvanised. Such articles are 
made with seams which are not always watertight, 
but the molten zinc during the process of galvanising 
lodges in these seams, doing duty as a solder, and 
rendering the vessel free from leaks. The hot process 
also is capable of giving a watered or spangled 
effect which no competing process hitherto tried is 
able to produce. This surface is for some purposes 
better than the uniform gray surface attained by 
other processes. It may be noticed often, but not 
always, on galvanised corrugated iron and on gal- 
vanised buckets. The second process, that of electro- 
lytic deposition, has as its recommendation that 
it uses much less zinc than the hot process, and 
may be less expensive ; the coat is more uniform than 
that given by the hot process, and it may be utilised 
by firms who have not a special galvanising plant, but 
who have an electroplating plant. 

The third, or dry process, is the most recentW 
introduced and has not yet been widely adoptoa. 
Except that it requires a special and an expensive 
plant, it has all the advantages of the second process, 
to which we have made reference. Its special value 
lies in its cheapness. It is eminently suitable , for 
small castings, stampings, or forgings. It is the 
patented process of Mr. Sherard Cowper-Coles. 

We may now proceed to consider in some detail 
the several processes. 

Plant for Hot Galvanising. In pre- 
ference to describing the enormous plants that exist 
in the large galvanising works, we shall give atten- 
tion to the ^eeds of a man who wishes to install a 
plant for small requirements. Work for a large 
galvanising plant must come forward with regularity 
and in large quantity. The bath of molten zinc, 
usually containing 
several tons of 


Other Uses of Zinc. Zinc castings — except metal, must be 

so far as zinc enters into brass as an alloy — have kept hot constantly 

not an important industrial use, but many cheap whether work is 

ornaments are made of cast zinc, electroplated or going through it or 

otherwise finished. not, because if the 

Zinc oxidf. or zinc white, as it is termed commer- bath, or ketUe, be 

cially, is prepared by burning zinc and leadii^g allowed to cool — 

the fumes into condensing chambeis. It is used as that is, to solidify 

a pigment, and Also in medicine. Zinc chlorid*' is — it cannot be 

used ns a caustic in medicine, and also for weighting melted again with- 

cotton goods, and in mercerising cotton. Zinc out breaking up the 

sulphate is used in dyeing, in calico-printing, and in kettle — an enor- 

medicine. mo us expense 

Among the cheaper metals, zinc excels* in the which every gal- 

property of resisting atmospheric action. F^pr this vanising works 

reason iron and steel, and sometimes other metalsf manager is care- 

are given a thin coating of zinc, which presents a ful to avoid, 

closed surface to the agents of corrosion and oxida- ^ But nothing so 
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disastrous follows the solidifying of a kettie contain- 
•ing two or three hundredweights of zinc, although 
iff is better that even these should be kept in 
constant work. 

A •galvanising plant should be situated in a 
separate building, as the fumes from the acid used 
are destructive to tools and machinery. The build- 
ing should bo well ventilated, the water supply 
abundant, and the drainage perfect. In 3 we show 
a good arrangement for a galvanising plant, and 
the various parts of the plant should be as follow. 

Galvanising Kettle and Tanks. The 
kettle is a long trough built in brickwork, having 
flues some way uj) the sides. It should be not less 
than 36 in. long, 20 in. deep, and 18 in. wide. 
This size would be of no use for large work, such as 
corrugated sheets, wliieli, however, would not be 
handled by a small plant. 
The kettle should bo made 
of best flre-box steel, not less 
than J in. thick. A good 
sectional view of an efticient 
kettle of small size is shown 
GALVANISING in 4 . The fire underneath 
KETTLE must bo of a size to keep the 

zinc in a molten condition. 

The tanks for acid and cleaning liquid are 
merely rectangular boxes of a suitable size. If 
it be desired to economise, an oil barrel, sawn 
in halves, will make two suitable tanks. It is 
sometimes considered well to have t^o acid tanks 
lined with lead, but this is by no means necessary, 
and the expense may well be saved. 

Sundry Tools. The hand tools used by 
galvanisers consists of tongs of a shape suitable for 
the work to be undertaken, of baskets of woven 
wire or iK?rforatod iron, and sundry wire tools, bent 
to different shapes. In 2 are shown some tools 
generally used, and the description attached ex- 
plains their purposes sufliciently. 

Firing the Kettle. Some precaution is 
necessary in firing a kettle for the first time. The 
fire should not be allowed to raise too great a heat 
before the zinc, or spelter, as ingot zinc is called, has 
begun to melt, or the shell of the kettle will suffer. 
The blocks of spelter should be made to lie right on 
the sides of the kettle, so that as the blocks 
next the kettle melt the other blocks will be forced 
into the same positions. The bath may be kept at 
a uniform temperature by the use of a pyrometer, 
and some device is usually adopted to prevent the 
stem of the pyrometer from contact with the molten 
zinc, although making the same record as if it were 
in direct contact. A device sometimes adopted is 
to have the x\vro meter stem in a steel tube, closed 
at its lower end and filled with load, in the middle 
of which the stem rests. 

Removing Scale. Most work to be galvan- 
ised must have scale and rust removed before it is 
sufliciently clean to result in good work. This 
process is known as pickling. It is accomplished by 
immersing the work in a solution of I ])art of 
muriatic acid (otherwise known as hydrochloric acid 
or spirit of salt) in 20 parts of water. It may be 
necessary to assist the removal of the scale with a 
tool such as a wire brush or file. A weaker acid solu- 
tion should be used for work with an unequal scale, 
otherwise over-pickling may take place, and this 
seriously prevents the adhesion of a good deposit 
of zinc. Sandy castings are cleaned by pouring 
over them a solution containing one part of sulphuric 
acid to six parts of water. They should be placed 
on a table or tray, and have the solution poured over 


thorn about eyefy hour until the sand oan be 
entirely removed by washing with water. 

The Acid Bath. The W'ork is immersed in 
muriatic acid before going into the zinc kettle. This 
acid serves as a flux, and also cleans the surfaces 
finally. If the work has some adhering rust, it 
should be kept in this bath long enough to remove 
the rust. The acid used is sometimes full strength. * 
but a better hath is equal parts by volume of 
muriatic jftjid and water, with 1 Ib. of sal ammoniac 
addtxl to each gallon of liquid. 

From the acid bath the work is taken to be dried, 
and many methods of drying are adopted. In a 
small plant, the drying table may be heated from 
the lire that siipplies the kettle, but in big plants 
separate fires are used for drying the work.* The 
muriatic acid should bo apparent on the dried work 
as a white adhering powder. After drying, the 
articles should bo put into the zinc kettle before 
they become cold. 

The Molten Bath. The molten zinc*sh(fuld 
1)0 at a tom})eraturo suitable for the work being put 
through, and a pyrometer is the only means of 
getting exact results. Dilferent classes of work 
retjuiro different degrees of fluidity, or, in other 
words, dillerent dogrees of beat. For largo gray iron 
castings, the metal should be. about 775'" K., and for 
thin work, where the s|)angled oiTect is desired, this 
heat is right. For WTought-iron ])ipe, heavy malle- 
able castings, and small eastings used without a flux 
a good temperature is about 810^ F. For nails an<l 
other small work, hung on wires or immersed in 
baskets, about 880^^ F. is the best heat. The surface 
of the molten bath at the place where the article is 
about to be dipped should have thrown on it a few 
handfuls of sal ammoniac, which, whenever it is 
melted, should be followed by a few drops of 
glycerine, to restrain it from spreading over the 
entire surface. # 

Dipping. The manner of di])ping the articles 
depends upon their nature. Washers, for instance, 
are strung on wires, nails and small articles 
are put into wire baskets, and large articles are 
simply held with tongs. The immersion should 
be made ns (juiokly ns possible, without causing 
8j»uttering, and the article should be held beneath 
the surface of the molten zinc until it is as hot as, 
the zinc itself. This time cannot be judged by rule, 
and the only teacher is practice. Wlicn the article, 
say, a thin casting, has been immersed some time, 
it should be rinsed around a little. Hefore removing 
it, clear a space on the surface where it will emerge, 
and dust that part of the surface with a little sal 
ammoniac in ])owder. With one pair of tongs raise 
the article out of the metal, and with another pair, 
not dipped into the actual bath, complete the with- 
drawal. Some goods, such as galvanised hollow-ware, 
require immersion for only a few seconds, and the 
surface need not be sprinkled with sal ammoniac 
before withdrawal. Indeed, slight differerKJCs in 
the minute details of the ])ractioe give lu'tter work 
with different articles, and all these details can bo 
learned only by practice. Wire and netting are 
rffh through the bath by a reel arrangement, and 
some galvanisers of corrugated *8110018 adopt a 
revolving wheel device to throw u]) the sheets after 
coating. The jiarticular ])ractice must bo adapted 
to the jiarticular^'ork to secure the greatest jiossible 
economy. 

Cooling- The articles are sometimes allowed 
to cool in the air, are sometimes immersed in cold 
\pitcr at once, andf, sometimes, again, the cooling 
water is heated, so that the cooling may not bo too 
sudden. If the article has taken on any of the sal 
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ammoniao floating on the surface^ a wet brush may 
be used to remove it . c. ^ 

Drofts* Every galvanising kettle accumulates" 
dross. This is caused by impurities and dirt which 
accompany articles into tne bath and remain 
behin<t and sometimes by having the metal at too 
l^h a temperature. The dross imould be removed 
periodically, as it retards the work and causes fuel 
ejipense if it remain. It is removed with a dross 
scoop [2], and must be done smartly, and deposited 
^icaly, before it has time to harden on the scoop. 
The good zinc is sometimes recovered from the dross 
by heating to a high temperaturec^over 1,000® F. — 
with lead. The mass, on settling, has the lead at 
bottom, with the dross next to i1^ and the good 
Sinc*at ^/he top, whence it may be removed and 
utilised. 

Electro-galvanising. The second process 
of galvanising, to which we shall devote some 
attention, is the electro-deposition of zinc. Where 
the hi|;he8t degree of adhesion of the zinc to a 
piece of iron or steel is sought, it is attained beat 
by the method of electro-deposition. Thus, for 
boiler tubes, and for the hulls of torpedo boats, 
electro-zincing or electro-galvanising is superior to 
the “ kettle method. Exhaustive tests have 
shown that electro-galvanising does not diminish 
the tensile strength of the material to which it 
is applied, as does hot galvanising. Also, the 
coating imparted can be gauged much better than 
with the more common process. 

The Cowper-Coles Process. There are 
several processes employed for the electro-deposition 
of zinc, but we shall confine our remarks to the 
Cowper-Coles process, on account of its success, and * 
because of its prominence in this country. The 
work must be cleaned, and this is done in the 
manner described for hot galvanising. The plant 
Inquired for zincing 2,4(X) superficial feet per 
week of 54 working hours, with a thickness of 1 oz, 
per square foot, is as follows : 

1 d3mamo to give 1,000 amperes at 6 volts. 

1 switchboard, measuring and regulating 
instruments. 

1 galvanising tank, 6 ft. by 5 ft. by 3 ft. 

1 pickling t^k. 

r 1 washing tank, 6 ft. by 5 ft. by 4 ft. • 

2 circular regenerating tanks, with fittings. 

1 air compressor, for circulating electrolyte. 

1 set of anode and cathode bars for zincing tank. 

A longitudinal section of such an installation is 
shown in 5. 


The Zinc Bath. Various zinc baths are used 
by different workers. That recommended by the 
inventor of the process consists of zinc sulphate 
350 oz., sulphuric acid 1 oz., and 
water 10 gal. To obtain good 
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bright deposits of zinc, the solution should be kept as 
free as possible from impurities, and electrolyte 
be too acid, a rough dark zinc coatifljg will be given. 
The work to be zinced is secured to dogs fixed fb 
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cross bars, which rest on copper strips attached to 
girders carrying the anodes, which are of lea4 
instead of zinc. It was found that zinc anodes 
failed to keep the solution up to normal strength, 
disintegrating and causing a rough uneven denosit, 
andt as the solution is regenerated by circuuttion 
between the electrolytic tank and the regenerating 
tank, lead anodes were tried with success. 

Regenerating the Electrolyte. The 
accepted and economical method of regenerating 
the electrolyte is by adding to the regenerating 
tank zinc dust or tultz, nreferably mixed with sand 
or coke, so as to form a niter bed and to prevent the 
dust from entering the depositing tank, where it 
would increase the electrical resistance. By the 
system of circulation caused by the apparatus, the- 
electrolyte flows into the bottom of the depositing 
tank by gravity, the impoverished and there- 
fore lighter liquid being drawn off over a sill at the 
end of the vat. When the articles are first placed 
in the bath, it is found well to use as high a current 
density as possible, and after a few minutes to 
reduce it to about 15 amperes per square foot. 

Such, in brief, are the chief features of the process 
of electro-galvanising. On the score of economy, 
it has much to commend it for certain classes of 
work. When not in constant use, a large hot plant 
demands a very great expense to keep the mass of 
zinc in a molten condition, a necessity which does 
not pxist with the electrolytic process, and this 
ednsideration is sometimes of paramount importance. 

Sherardlalng. A process known as aherard- 
iaing has been recently introduced, and it is 
properly a process of galvanising by quite a new 
method. An account of galvanising would be 
neither complete nor up-to-date if it did not take 
notice of it. By the process of shcrardising, the 
articles to be rendered non-rusting are clean^ by 
pickling, polishing, or sand blasting, as already 
described, and are then placed in a closed iron 
receptacle, charged with zinc dust and heated to 
a temperature of 600° F. to 000° F., for a few hours, 
and allowed to cool. The drum is then opened and 
the iron articles removed, when they are found 
to be coated with a homogeneous zinc covering, 
depending in thickness upon the temperature and 
the duration of the treatment. 

Sherardising Plant. The zinc used in 
the pn>oes8 of sherardising is the ordinary zinc dust 
of commerce, the market price of which is about 
20s. per ton lower than zinc ingots, or virgin apdter, 
as it is useially called. The process offers another 
important economy in that greasy articles oan go 
straight into the sherardising drums without clean- 
ing. The receptacle into which the zino dust and 
the articles to be treated are placed is preferably 
airtight. The air is then exhausted, or if this be 
impracticable, carbon, in a fine state of subdivision, 
wd to the proportion of 3 per cent, of the zinc dust, 
is added in order to prevent the formation of zinc 
oxide to an undesirable extent, as this dulls the 
appearance of the final coat. The usual type of 
receptacle employed is cylindrical, or polygonal in 
8ha])e, arrang^ to be rotated or oscillat^ during 
the process of heating. The cylinder, when 
charged, is placed in the furnace, a cast-iron shell 
of suitable shape, with a series of Bunsen burners in 
its lower part. The receptacle is rotated or 
oscillated by hand power. 

The coating given by the process of sherardising 
is brighter in its metallic lustre than that attained 
by electric deposition, although the spangled effect 
of hot galvanising ca^ot be imparted- 
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It has been assumed hitherto that all the 
* expenses of the business of Smith & Jones 
are included in the trial balance shown on page 
1327, and that as they have been taken into con- 
sideration in making up the profit and loss 
account, we have arrived at the correct amount 
of the not profit of the concern. It was, however, 
pointed out that the proprietor of a business 
with fixed assets must make allowance for de- 
creases in their values, as shown in his books 
on account of the depreciation that is continually 
going on by reason of wear and tear. It will 
be seen from the balance-sheet already given 
that there are no fixed assets belonging to 
the business of Smith & Jones, and there is, 
therefore, no necessity to make allowance 
for depreciation, as the stock has been carefully 
taken and valu^ at not more than cost. 

BooK Debts. But there is an asset which 
requires examination before a definite statement 
can be made that all proper losses and expenses 
have been charged in ^e profit and loss account. 
That is the item of “Sundry Debtors/’ which in 
ordinary circumstances would have to be studied 
in detail in order that a conclusion might be 
formed as to whether any of the debtors are 
likely to fail to meet their obligations. In the 
present case the debtors are only three in 
number and the examination is a simple matter. 
In large undertakings, however, where there 
may ^ hundreds or thousands of debtors, 
the scrutiny of all the accounts and their 
consideration by the manager or proprietor 
would be a work of much labour and, oven 
if carried out conscientiously, would probably 
end in a misleading result being obtained. 

Reaerre for Doubtful Debts. Another 
method is therefore adopted in order that 
proper provision may be made for the prob- 
ability that some of the debtors will hot pay 
the amount due from them. We have seen 
how a trader deals with an ascertained loss 
under this head by writing off the amount to 
the profit and loss account through a sub-account 
known as the Bad Debts Account. Past ex- 
perience has told him that a certain proportion 
of his debtors fail to pay, and that although 
he has debts on his books amounting to £2,000, 
he cannot expect to receive every penny of that 
amount. An examination of his books for past 
years shows that the bad debts actually incurred 
and written off form a percentage at a fairly 
constant rate of the debts outstanding at the 
time of the last balance-sheet ; and upon the 
figures of several years he is in a position to form 
an opinion as to how much should be allowed 
for probable loss on the debts now owing. , 
He cannot point to any ^particular account 


as being b^d ; if he could ho would at once write 
it off as a loss. But although he cannot do this, 
he knows that somewhere there are debtors who, 
from a variety ^f causes, will not discharge 
their indebtedness. To meet this contingerfcy 
he decides to reserve an amount out of his appar- 
ent profits, ana an allowance of what is»de«ned 
sufficient is accordingly made and debited 
to the profit and loss account. But the question 
then arises: Which account is to be credited ? 
It would be both impracticable and incorrect 
to credit each debtor with a proportion. 

Opening the Reserve Account. An 
account is therefore specially opened which is 
credited by the amount it has been decided 
to reserve. This account is generally entitled 
“ Reserve for Bad and Doubtful Debts,” and, 
as a rule, it is allowed to stand in the ledger as 
a credit balance throughout the year ; bod debts 
which are definitely ascertained in the mean- 
time being debited to the bad debts account. 
At the time of balancing the books the debit 
balance on the bad debts account is transferred 
to the reserve account, and a calculation is 
made to provide a fresh reserve against the 
debts now outstanding. In doing this, regard 
must be paid to any balance remaining on the 
reserve account after charging the bad debtii 
or for any excess of bad debts over the reserve 
set aside the previous year. These two contin- 
gencies are best illustrated by examples. 

On 31 st December, 1903, william Brown had 
book debts due to him amounting to £5,000, 
and ho decided to make a reserve of 5 per cent, 
on that ^amount to meet possible losses. On 
Slst December, 1904, he found that his bad • 
debts actually incurred during the year amounted 
to £200, while he had now book debts of the value 
of £6,600. He decided to set aside a reserve of 
6 per cent, on this amount. During 1905 his 
lossee by bad debts came to £.300, while on 3l8t 
Deceml)or of that year his debts outstanding 
were £6,000. He decided to make a reserve at 
the same rate as in the two previous years. 
The table given on the following page would bo 
his reserve account. 

A reserve of a similar nature is sometimes 
made for discounts which will have to be allowed 
to debtors. The process is exactly the same 
as in the case of bad debts, and need not thcre- 
foft be explained in detail. 31ie amount 
standing to the credit of the seserve account 
would, in the absence of special circumstances, 
be shown on the liabilities side of the balance- 
sheet, but it i» the practice not to show a 
reserve for a specific purpose in this way but to 
deduct it from the particular asset in respect 
of which it has been created. For this reason 
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RESERVE |OR BAD AND DOUBTFUL DEBTS 


Or. 






1903 





To transfer from bad debts 




Dec. 31 

By profit and loss account 

260 

0 

0 

account 

200 

0 

0 

1904 

(6% on £6,000) 








Deo. 31 

Do. (6% on £6,800) 278| 









Less Unexhausted 




„ Balance carried down. . 

276 

0 

0 


balance . . . . 60| 

226 

0 

0 


t 476 

0 

0 



476 

0 

0 




— 

1906 





„ Transfer from bad debts 




Jan. 1 

By Balance . . . . b/d 

276 

0 

0 

account 

300 

0 

0 

Doc. 31 

„ Profit and loss account 

26 

0 

0 

• 





(Excess of loss over re- 









serve) 









.. Do. (6% on £6,000) . . 

300 

0 

0 

„ Balance . . • . c/d 

300 

0 

0 







— 

— 





600 

0 

0 


600 

0 

0 

1906 








i-i. 

Jan. 1 

By balance . . . . b/d 

300 

0 

0 


reserves for bad debts and discounts arc deducted 
from the amount of the sundry debtors. 

Outstanding Liabilities. There is yet 
a further point to bo borne in mind in 
making up a profit and loss account. The books 
record only the transactions which have taken 
place, and we should find nothing in them of 
liabilities which become due automatically, 
such as rent, rates and taxes, until payments in 
respect of these matters were actually made. 
It is, therefore, very necessary at balancing 
time to make sure that all outstanding charges 
which affect the profit and loss account are 
taken into consideration before arriving at tho 
final balance available for the proprietor. The 
majority of business houses have their books 
toade up to the end of the months of March, 
June, September, or December ; and it may 
safely be asserted that there is something 
unpaid in the nature of expenses, the liability 
for which has not yet been recorded. 

An instance that immediately presents itself 
is rent, which becomes due on the usual quarter 
days, but which is frequently not paid for two 
• or three weeks. The result would Be that a 
trader making up his books to December 31st 
would find charged in his rent account only 
tho amounts paid for Lady -Day, Midsummer, 
and Michaelmas quarters. 

Taxes and Wages, Similarly, taxes are 
not payable until January 1st in each year ; but 
as they cover the period from April 6th in one 
year to April 5th in the next, it is clear that 
any profit and loss account covering a year to 
December Slst must make allowance for the 
proportion of the charge falling against that 
year. The same considerations apply to rates 
which are either accniing or overdue but unpaid. 

Jn a largo manufacturing concern another 
item of considerable importance is wdges. 
There are many undertakings in which the 
weekly wages bill considerably exceeds £1,000. 
The wages are made up to either Thursday or 
Friday evening and paid on the latter day or 
on Saturday. But if December Slst falls on 
Wednesday, the wages for the previous four or 
five days which have become due, and may 
amount to £1,000, are not recorded in fhe 
books, and must be taken into account in 
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arriving at the true profits of tho business for 
tho period to December 31st. 

Suspense Accounts. In order to bring 
these matters into the books tho amounts 
outstanding are, if necessary, apportioned 
between the period for which the accounts are 
being prepared and the remainder of the time 
covered by tho expense, whatever it may be, 
qnd a charge made in the profit and loss account 
in respect of the liability. In this case, as in 
that of the reserve for bad debts, it is not 
possible to credit each workman or rate collector 
with tho amount due to him, so an account is 
opened and credited with the apportioned 
amount of the expenses. This account is shown 
on the liabilities side of the balance-sheet and 
is extinguished in tho books as payments are 
made in tho following period by being debited 
with tho amounts so paid. 

Payments in Advance. It sometimes 
happens that payments have been made during 
a financial year, pari of which are properly 
chargeable against the following period. For 
example, insurance is usually paid once a year. 
In a largo factory, fire and employers’ liability 
insurance are not inconsiderable items, and 
if they are paid on September 29th by a manu- 
facturer who has his accounts made up to 
December 3l8t, the year to the latter date will 
be bearing an unfair share of the burden if an 
adjustment is not made by which the following 
year will be made to bear that part of the ex- 
pense of which it receives the benefit. In 
order to correct this a part of the expenditure — 
in the case above instanced, three-quarters 
of the premiums — will be carried forward on 
the debit side of an ** Insurance Suspense 
Account,” and will appear on the balance-sheet 
on the assets side under the head of “ Insurance 
paid in advance.” Likewise, any rates or other 
charges, part of which Jielong to the following 
year, should be apportioned and carried forward. 

Reserve Fund. The reserve and sus- 
pense accounts explained so far have been in 
respect of specific matters outstanding at tho 
time of balancing the books, which must be 
taken into consideration in arriving at tho 
amount of the true* net profit. There is, how- 
ever, a reserve of a different nature which is 
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firequently seen in the balance-sheets of under- 
principally limited companies. It is 
generally term^ a reserve fund, and its treat- 
ment has afforded a fruitful theme for dis- 
oussioh among accountants. The great 
difference between the account representing 
the reserve fund and the kind of reserve account 
already dealt with is that it was necessary to 
create the latter by a charge against the profit 
and loss Mcount, in order to ascertain the 
actual divisible profit available for the pro- 
prietors, while the former is brought into 
existence after that result has been obtained, 
and is, in fact, a part of the net profits. This 
>. difference is vital and the position may be 
rammed up by saying that the reserve accounts 
c in respect of specific assets are created to meet 
losses and expenses which it is known will be 
incurred in the future, while the reserve fund 
;• is a setting aside of net profits to meet possible 
losses of which the proprietor has no knowledge 
at the time but which, it is conceivable, may 
arise, ^e reserve fund usually found in balance- 
sheets is what is known as a general reserve-^ 
that is, it has been set aside 6ut of profits, not 
' for a specific purpose, but generally to meet 
contingencies. In ^ the vast majority of cases 
.there is no special investment of the fun^ 
and care is seldom taken even to ensure that 
there are liquid assets readily available in case 
of necessity. 

Investment of Reserve Fund. There 
is considerable difference of opinion whether 
a reserve fund, in order to deserve that name, 
should be separately invested and r^resented 
by specific assets, or if it is sufficient to 
merely make a book entry debiting the not profit 
and crediting a reserve fund account. The 
decision depends to some extent upon the nature 
of the business. In the case of banks, insurance 
companies, and similar undertakings, where a 
reserve fund is created largely for the purpose of 
meeting any shrinkage of value in the securities 
formkig a considerable proportion of the assets, 
the desirability of specially investing the rraerve 
is generally conceded ; in trading concerns, 
however, other considerations apply, and the 
question is one that must be decided by the 
proprietors, having regard to the requirements 
of the particular business. One cause which 
is Leld to justify the non-investment of the 
fund is that the undertaking requires more 
working capital than would be left in the 
business if the profits were divided up to the 
hilt, or taken out of the business and separately 
invested ; while another justification may be 
said to exist in the case of a business paying 
4 or 6 per cent, on borrowed money, where it 
would be bad policy to invest part of the profits 
in Consols or other gilt-edged securities paying 
only 2^ to 3 per cent. Even if the reserve fund 
be left in the business, it is of course a source of 
strength, for it represents an excess of assets 
over liabilities and proprietors’ capital ; but to 
be reserve in the true sense of the term there 
should be liquid assets — ».e., assets easily realis- 
able — even if they are used in thc^ business— 
readily available to meet an emergency. 
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The Two Vie we. The two points pf 
view can be brought before the student in a 
simple manner by means of an illustration. 

T. White takes a lease of ' some business 
premises for seven years, with the option of 
renewing for a further seven or fourteen years, 
and spends £420 upon altering them to suit his 
requirements. He does not charge this amount 
to his profit and loss accoig^t, for it is not an 
expense that can bo fairly debited against the 
profits of a single year. If it is to be written off 
completely, it win be reasonable to spread the 
expense over the time during which he will 
occupy the prsmises. But liere another con- 
sideration arises. He cannot yet tell ifhotheV 
he will wish to continue his tenancy after the 
expiration of the first seven years. If he decided 
to do so, he would still be able to enjoy the 
benefit of his improvements. The value of the 
premises will, naturally, be decreasing during 
the seven years by the ordinary process of wear 
and tear, but that is merely aepreciation, and 
not the entire loss of the asset. There is, there- 
fore, an element of uncertainty in the matter ; 
and in order to make provision for the possibility 
of giving up his shop at the expiration of the 
first term of seven years, ho has to devise means 
BO that by the end of that period his books will 
not show him to bo possessed of an asset which 
may then cease to exist, without providing for 
such a contingency. 

He estimates that at the end of seven years 
the value of the premises will bo reduced by wear 
and tear and effluxion of time to £280, and it 
will therefore be necessary to treat as an absolute 
loss £140 of the outlay. This he does by debiting 
profit and loss account with £20 depreciation 
each year and crediting the “ Business Premises 
Account.” By this means the premises will 
stand in the books at their actual value at the 
end of the time, subject to his deciding to retain 
possession. 

But, afib has already been said, ho may give 
them up. In view of this fact he has, during ^ 
the term of the lease, charged against his net 
profits such a sum as would equal the book 
value of the asset by the end of the seven years — 
viz., £40 per annum. This amount he has 
carried to the credit of a reserve fund account, 
and if at the end of the first portion of his lease 
he surrenders the premises, the accumulated 
amount will be transferred to the business 
premises account, and so extinguish the asset 
in the books by the time it ceases to bo valuable. 
As a result of these entries, the business premises 
and reserve fund accounts will appear in the 
books as shown on next page. 

S ader this method, nothing was done beyond 
ing the book entries. White did not take 
£40 of his cash each year and invest it in Consols 
or other securities in order to have an amount 
available at the end of seven years towards 
acquiring other premises if he found his present 
shop unsuitable. But he might have considered 
such a course desirable, and in that case he would 
ha^o opened a “ Reserve Fund Investment 
Amount,” which would be debited each year 
with the amount invested in the particular 
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Beourity he decided to purSha^, cash being 
credited, of course, by the amounU withdrawn. 
Dividends or interest accruing due on the invest- 
ment, would be received in cash, and credited 
to the profit and loss account. At the end of 
seven years the investment account would have 
been debited with £280, and would represent 
the investment of the reserve fund account, 
which appears as a credit on the other side of 
the ledger. If the premises are given up, as 
assumed above, and the balance on the business 
premises account wfitten off gainst the reserve 
fund account, the balance on the investment 
account will represent White’s ^sset in place of 
th^ p]:l)mises. 


claimed are that exceptional losses, and losse^; 
on legitimate trading, may be borne without tber J 
profit and loss account of the year in which they^; 
are incurred having to suffer the whole loss./ 
The better course is undoubtedly the gradual 
creation of a strong reserve fund by openly^ 
‘setting aside profits out of which any losses of thej/ 
nature indicated could be met as occasion arose.* ^ 
Sinking Funds. A sinking fund is a fun<{ i 
created by setting aside periodically fixed sums ' 
of money with the intention that at the end* 
of a given time the instalments shall, with accu-^ 
mulations of interest, amount to a certain sumi . 
which will then bo required for a specific purposej 
The point which distinguishes a sinking funa^ 


BUSINESS PKEMISES ACCOUNT 


1897 

' Jdo. 1 



RESERVE FUND 


1903 



1897 



Deo. 31 

To biisinoss promises ae- 


Dec. 31 

By proHt and loss account 

40 0 0 


count, amount transfered 


1898 






Doc. 31 

Do. . . • • • * 

40 0 0 




1899 to 





280 0 0 

1903 

„ Do. (6 years) , , 

200 0 0 



280 0 0 



280 0 0 








Special Reserve. The reserve fund we 
have dealt with was in respect of a specific 
matter, and is known as a special reserve. 
Another example of a special reserve's that for 
equalising dividends in the case of a limited 
company where a portion of the net profit is 
kept in hand in order to be able to pay a fair 
rate of dividend to the proprietors — the share- 
holders — even in a bad trading year. This 
reserve is now not very frequently seen. 

Secret Reserve. Another kind of reserve 
is known as a reserve^ It is so-called 

from the fact that the balance-sheet does not 
disclose its existence, nor is there any account 
represent ing it in the books. It is created either 
by excessive charges being made in the profit and 
loss account for such matters as bad ana doubtful 
debts, or by the overstating of liabilities, or the 
unnecessary writing down of assets. The practice 
is favoured by companies of the highest standing, 
and, while it has its advantages, it also possesses 
undoubted drawbacks. The very existence of 
a secret reserve, and the manner of creating it, 
necessitate the withholding *^jf material facts 
from the shareholders, while the system opens the 
door to fraudulent practices on the part of dis- 
honest managers, who are enabled Ui conceal 
losses in speculation by writing up valued of 
assets previously written down. The advantages 


from a reserve fund is that while the latter may|t 
be represented by assets remaining in the bu8int*8s 
and not specially appropriated to the fund, thd 
former must always consist of cash, or the equi- 
valent of cash, invested outside the business^ 
Themsual purposes for which sinking funds afe^ 
created are (1) to provide for the rc]myment o#*^ 
borrowed money at the end of a fixed period,!, 
and (2f to provide a fund to renew an asseM 
of a wasting nature, such as machinery or as 
lease. | 

It has been seen how necessary it is to write \ 
down fixed assets in the books to their actual j 
values by charging depreciation on account of 
wear and tear and other matters ; but in many 
cases this is not sufficient. Unless provision 
is made gradually, a manufacturer is fiveed with 
the situation that his machinery is worn out and 
must be replaced, and although he has allowed 
for depreciation yearly before arriving at his 
profits, ho has talken no steps to accumulate a 
fund out of which he could purchase new 
machinery. His capital is all locked up in his 
business, and cannot bo withdrawn without 
damage. In order to obviate this difficulty 
it would be necessarv for him to create a sinking 
fund, so that when the old machinery is unusable 
he can arr^^nge for the installation of a new set 
without financially dislocating his business. 








borrowed Money. The repayment of 
oorrowed money is a factor which has to be 
provided for by a limited company which has 
iS8ue<| debentures. The characteristics of deben- 
tures will be explained later, wh^n dealing with 
the accounts of limited companies, and as the 
student may not be aware of the different 
circumstances under which they are issued, the 
case of a sinking fund to replace a specific asset 
will be dealt with now rather than one relating 
to debentures. 

The first step to take is to decide, either by 
calculation or by reference to published tables, 
the amount necessary to be set aside and in- 
vested each year, so that, allowing for interest 
on the investment at a certain rate, the sum 
accpmulated will roach the amount required 
by the time it is needed. Having fixed the 
amount, the process is the same, with one 


exception, as that adopted with regard to the 
investment of the reserve fund. The one ex- 
ception is that interest on the investment, in- 
stead of being credited to profit and loss account, 
is added to the amount of the investment, which 
is therefore accumulating at compound interest 
during the building up of the fund. 

SifiKing Fund for Waoting Asset. 
We will suppdse that a system* of machinery 
has been installed in a factory at a cost 
of £5,000, and that it is anticipated that its 
working power will be exhausted, notwithstand- 
ing repairs in the meantime, at the end of 20 
years. It is intended that the business shall be 
continued after that time, and it will therefore 
be necessary to put in a new lot of machinery when 
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the old id worn out. In the ordinary course ^f 
events thei% will ’ not be a surplus of £5,000 in 
the bank above the current requirements of 
the business, and the proprietor decides to raise 
a fund during the life of the present machinery 
out of which the new machinery can be purchased 
when it is required. It is found that the amount 
required to be set aside each year in order to do 
this, after allowing for accuo^ulations of interest 
in the meantime at 3 per cent., is £186 Is. 7d. 

The entries necessary in the books will be, first, 
a debit to profitr^nd loss Sccount, and a credit 
to the machinery account, of the instalment. 
A corresponding amount of cash will thei^ be 
taken from the bank and invested in the ptirebase 
of the stock chosen for the purpose of the sinking 
fund investment. This will necessitate a debit 
to the sinking fund investment account and a 
credit to the bank. > 


At the end of the year, when the interest on 
the stock has become duo, the investment 
account is debited with the amount, which is 
allowed to remain, and itself earn interest, while 
the machinery account is credited. At the same 
time another instalment of £180 Is. 7d. is taken 
out of cash and invested, entries being made 
similar in all respects to those at the beginning. 
The accompanying tables show the entries on 
the investment and machinery accounts for the 
firgt three years. 

Umis process is continued each year until, at 
the end of 20 years, the fund ha'i grown to the 
amount requir^ — viz. £5,(K)0. The investment 
is then sold, and the proceeds used for purchasing 
the new raachind*y. 

J. F. G. PRICE 
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SINKING FUND INVESTMENT ACCOUNT FOR MACHINERY 

Cr. 

1900 
Deo. 31 

1901 
Deo. 31 

>* 

To cash 

„ Interest (1 year @ 3 %) 

„ Cash 

* 186 1 7 

6 11 7 
180 1 7 




1902 
Deo. 31 

II 

,, Interest (1 yW @3%) 

,, Cash 

377 14 9 
11 6 7 
186 1 7 




1903 
Dec. 31 

„ Interest (1 year @ 3%) 

676 2 11 
17 6 1 





Dr. 

MACHINERY ACCOUNT 

Cr. 

1900 



1900 



Jan. 1 

To cash • f • • • • 

5000 0 0 

Doc. 31 

By profit and loss account 

186 1 7 




1901 






Doc. 31 

„ Interest on investment 

6 11 7 




•• 

„ Profit and loss account 

180 1 7 




1902 


377 14 9 




Deo. 31 

„ Interest on investment 

116 7 




tl 

«„ Profit and loss account 

186 1 7 




1903 


676 2 11 




Dec. 31 

„ Interest on Investment 

17 6 1 




A tpeclal Dictionary explaiaiac Commercial Terms and Phrases appears at the 
end of the Self-Edoeator 
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Capital. Diviiends. Consols. Preference and Deben- 
ture Stocks. Brokerage. Stock-Jobbing. Problems. * 

STOCKS AND SHARES • 


132. The cash necessary to carrj on a business 
is called its Capital. 

In some bu8ineE,ie8, such as railways, water- 
works, gasworks, etc., the capita! required is 
too large to be supplied by one person. Let us 
suppose a new railway is to be made. The 
originators, or Promoters, of the scheme, issue a 
Pr^sppctus explaining it, and stating the Capital 
required. Tliis capital is divided into Shares 
of some fixed amount, such as £100, £20, £1, 
and members of the general public are asked 
to apply for shares. If enough applications are 
received to enable the promoters to go on with 
the undertaking, they allot shares to the appli- 
cants, and thus obtain the capital required. 
The persons who hold the shares are called the 
Company. The profits of the company in each 
year are divided among tlie shareholders 
in propfirtion to the face value of their 
shares. The money thus divided is called the 
Ditidend. 

A shareholder who wishes to retire from the 
company cannot obtain from it the money 
which he subscribed, but he may sell his 
shares. The amount he obtains for them will 
probably not bo the same as the amount he 
originally subscribed : it will depend chiefly on 
the profits which the company makes. 

183. The capital of a company is often called 
Stock. When the capital is called stock, a 
shareholder may sell any quantity, excluding 
fractions of a penny. For instance, a person 
holding £100 «tock, may, if ho pleases, sell 
£42 48. 6d. stock. 

But, if the capital Is called shares he may only 
sell a complete number of shares. He cannot 
sell part of a share. 

134. It is of the greatest importance the 
student should understand that “ £100 stock ” 
means “ that amount of stock for which £100 
was originally subscribed.” It does not mean 
“ that amount of stock which will sell for 
£100.” 

If £100 stock will sell for £100 cash, it is said 
to be at par. If it sells for more than £100 
cash, say £108, it is said to be at a premium of 
8 per cent., or 8 above par. If it sells for less 
than £100 cash, say £97, it is said to be a/ a 
discount of ,3 per cent., or 3 below par. 

135. In the case of public companies, wo 
have seen that the dividend varies with the 
profits of the company. 'Phere is another sort 
of stock in which the dividend obtained £fom 
£100 stock iff always the same. The Govern- 
ment of a country borrows money, for war 
expenses, and other purposes. The corpora- 
tions of towns borro\tr monfy. Public com- 
panies borrow. In all these cases, a fixed 
interest is paid per annum on each £100 stock. 


A great portion of the British National 
Debt consists of the “ Consolidated Annuities,” 
abbreviated into “ Consols,” so called, because' 
they were formed by consolidating several 
debts, contracted under various conditioiA 
into one stock. 

When a company borrow^s money at a fixed 
rate, it is often arranged that the interest on 
this new stock shall bo paid before any dividend 
is paid on the original stock. The new stock is 
called Preference stock, and the old is called 
Ordinary. Debenture stock also receives a 
dividend before ordinary stock. 

136. Stocks and shares are usually bought 
and sold through an agent called a Stockbroker. 
The charge which a broker makes for his services 
is caWcid. brokerage. In the case of Government 
stocks tlie brokerage is usually ” J per cent.,” 
i.r., 2s. 6d. on each £100 stock. The bri‘OT 
acts as the agent between the buyer or seller 
and the Stock-jobber, who deals in stocks and 
shares. 

As an example, consider the following : 
On Monday, November 20th, Consols wore 
quoted as ” 88j to 89.” This moans that the 
jobber is ready to buy £100 of Consols for 
£88 J 01 to sell £100 of Consols for £89. Suppose 
then, a person, A, wishes to dispose of £100 
Consols. A goes to his broker. The broker 
seeks out a jobber, who pays £88f for the 
stock. The broker deducts £J, and hands over 
the remaining £88| to A. Nojft, if another « 
person, B, wishes to buy £100 Consols, ho goes 
to his broker. B’s broker then finds the jobber, 
who now receives £89 for the stock ; but B 
pays £89J for it, since the broker requires £J. 

A’s Broker B’s Broker 

receives £J from A receives £J front B 


Receives £88j 
from jibber, 
and pays 
broker £J. 
Thus clears 


Jobber 
Pays A £88 J. 
Receives from 
B£89 


B 

Pays £89 to 
jobber and 
£j to broker. 
Pays £89i 
in all. 


£88i 

Hence, in examples whore brokerage has to 
be reckoned, the brokerage is added to the 
price when stock is bought, and subtracted 
when stock is sold. 

It will bo noticed that the broker’s profit is 
certain. The jobber’s profit, of course, depends 
op the difference betw^een the buying price 
and selling price. JVIoroover, the jobber does 
not always manage to sell stock immediately 
after buying it, as was assumed in the above 
illustration. 

137. We shall now work out various examples 
in stocks and shares. All questions in stocks 
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jlJ^nd on the principles of Proportion. 
*'iPhp student ought to tind* no difficulties if 
ho remembers that : 

(1) £ 8. d. tn a company is Stock, 

(2) 8. d. to be sold out is Stock. 

(3) £ 8. d. to be invested is VasK 

(4) Brokerage is not reckoned unless specially 
mentioned in the question. 

Example 1. I invest £4653 in per cent. 
Consols at 94. How much stock do I get, and 
what is my income ? 

Here, we are told that £94 will buy £100 
stock, and wo have to find how much stock 
£4653 will buy. 

£94 : £4653 ; ; £100 stock ; Required stock. 

Required stock = £152^^^ = £4950 Am. 

94 

Again, we know that £100 stock gives an 
income of £2i. We have to find w'hat income 
£4950 stock will give. 

.-. £100 : £4950 ! I £2J : Income. 

Inoome = 4?32<®=£123 16 b. Am. 

100x2 — — — 

Or, in finding the income, we may work with 
cash instead of stock. For wo know that by 
investing £94 an income of £2^ is obtained, 
and w’o are required to find what income is 
obtained by investing £4653. 

Example 2. If I invest in 6 per cent, stock at 
140, what percentage do I get on my money ? 

Wo have to find what income £100 will pro- 
duce, if £140 gives an income of £6. 

Hence, 

£140 : £100 ! ! £6 ; Required percentage. 

.’. Percentage = — 4<f Ans. 

Example 3. Which is the better investment, 
3 per C(;nts. at 98, or per cents, at 1 15 ? 

We may either, as in Example 2. find the 
actual percentage in each case ; or, W'o may 
proceed as follows : 

The prices am £98 and £1 15. 

Invest 98 x 115 in each stock. • 

The income from 3 per cent, is then 
115 X £3-= £345. 

The income from 3J per cent, is 
98 X £3.1 - £343. 

Therefore, the 3 per cent, stock is the better 
investment. 

Example 4 . A man sells out £5,000 from the 
2i per cent. Consols at 85 J (brokerage J) and 
invests the proceeds in fij per cent, railway 
shares at 165J (brokerage J). Find the change 
in his income. 

His income from Consols = 50 v £2J = £125. 

He sells £100 Consols for 85 J - J, i.e., £85. 

Therefore, he sells £5,(K)0 Consols for 50 x £85. 

Next, to obtain £6J income from railway 
shares, ho has to invest £(165J+ J), i.e., £165J. 
We find, by proportion, wha*t incomi^he will get 
by investing 50 x £85. 


Thus, ’ 

lfi5| : 60 X 86 : : £6J : Income. * 

• Hence, his new income 

* ^5 

• a. X 50 X 85 _ X>^x60x><!^x>^ 

166J ij X 

ii\ 

3 

-■? = £166 13s. 4d. 

Therefore, then now investment increases his 
income by £166 138. 4d. - £125 - £41 13s. 4d. Ans. 

Note, that i?i (5xamples of this sort, it ig^not 
necessary to find the amourU oj stock he* obtains 
by the new investment. 

Example 5. A man invested his money in 
r.ailway stock which yielded a dividend of 6J per 
cent, the first year, and ho paid Is, in*tho £ 
income-tax. The next year the dividend was 
6 per cent., and the income-tax was lOd. His 
net income was thus reduced by £119. How 
much stock had he ? 

Income-tax at Is. on £6J - 6js. 

In the first year, each £100 stock gives a net 
income of £6 10s. -Gs. 6d. - £6 38. 6cl. 

Income-tax at lOd. on £6 — 58. 

In the second year, each £100 stock gives a 
net income of £6 - 58. - £5 15s. 

Hence, his income from ea(*h £100 stock is 
reduced by £6 38. 6d. - £5 15s., or 8s. 6d. 

But the total reduction is £119, and wo find 
by proportion what amount of stock tliis 
represents. 

Thus, 

8s. 6d. : £119 ; .* £100 stock : Required amount 

Whence, amount of stock 

= = £28000 Am. 

Example 6. A man invests £22000, partly 
in 3 per ctmt. stock at 88, and partly in 4^ per 
cent. 8to«k at 110. He finds that on the whole ^ 
he gets 3J per cent, for his money. How much^ 
is invested in the per cents ? 

His income 220 x £3J - £770. 

If all his money was invested in the 3 per 
cents, liis income would be 

£2«'^'2ii3.-£7r,o. 

88 

This is £20 less than his actual income. 

The L.C.M. of 88 and 110 is 440. If £440 is 
invested in the 3 per cents, it gives an income 
of 5 X £3 -- £15. If £440 is invested in the 
4J per cents., it gives an income of 4 x £4^ = 
£18. That is, by investing £440 in the per 
c<?nts. instead of in the 3 per cents., ho increases 
hinMncomo by £18 - £15 - £3. We have only 
to find how much ho must transfer to the 4^ 
per cents, to increase his income by £20. 

Thus, 

3 ; 20 ; { £440 : Required Ans. 

/. Amount invested in 4i percents. 

i f 

3 3 

s= £2933 6s. 8d. Ans, 
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ORpUP aff-MATHKMATlCS 

Note. If wo had been retired to find the 
atnount of stock in the per centB.9 we should 
simply have had to use £400 stock, instead of 
£440 cash, ^pr the third term of the proportion. 

EXAMPLES 17 

1. How much must be invested in 4f per cent, 
stock at 102 to obtain an income of £380 ? 

2. A man sclJs out £9400 of 2 Jr per cent. 
Consols at 90, and iJiVests the proceeds in a 4 per 

' cent, stock. He thus increases his income by 
£5. What •was the price of tfee 4 per cents. ? 

3. How much must be invested in 3J per cent, 
stock at 115^ (brokerage J) to give an income 
0 (p5ftl rt) that obtained from £5775 stock in 3 per 
cents, at 99 ? 

4. A man invests in a 5 per cent, stock. After 

paying an income tax of Is. in the £, he finds he 
guts cent, on his money. At what price 

did he !)iiy the stock ? 

5. A man invests half his capital in 3J per 
cent, stock at 90, and the rest in 4J per cents. 
He obtains the same income from each invist- 
ment. What is the price of the 4J per cents. ? 

6 . By investing a certain sum in the 3J per 
cents, at 98, my annual income is £15 more than 
if 1 had invested in 3 per cents, at 90. What 
sum did 1 invest ? 

7. A person has £8225 in a 3J per cent, stock. 
He sells out as mud) of it, at 102, as will produce 
£4131, and invests the proceeds in 5J per cents, 
at 119. Find the change in his income. 

8. A man invests £2500, some of it in 3J per 
cents, at 103J, and the rest in 4 per cents, at 140. 
On the whole, lie gets 3 per cent, interest on his 
money. How much of each stock does ho 
buy ? 

Answers to Arithmetic 

“ Examples 16 

1. £441 12s. fid. 

2. Interest = £980 - £875 = £105. Interest 
on £875 for 3 years at 1 per cent. == £2fi 25. 

1 .*. Required rate = £105 -5- £26} = 4 per cent, 

8. Interest on £100 for 8 years at 4J per 
cent. ~ £36. Hence, the proportion is £36 ; 
£183 3s. ; ; £100 : Required sura. This gives 
£508 15s. Ans, 

4. At 4 per cent., the interest on £100 will have 

amounted to £100 in 100 4 = 25 years A 718 , 

5. £1691 4s. lOd. 

' 6. See Art. 126. Then, working in a similar 
way to Art. 125, we get the required interest 
15s, irOSd. -:£4 I6s. 

7. £212 108. 

8. By method of Art. 128, Ex. 2, the present 
worth is found to bo £1250. Hence, the true 
discount is £1447 Os. 7.Jd. - £1250 - £197 Os. 7Jd. 

9. See Art 131. Amount of bill = £816 13s.Vd. 

Examples 17. 

1. 4J : 380 : : £102 : Roqd . Amnt.=f8160 Ans, 

2. His income from Conifpls — 94 x £24 
s=£235. Therefore, income from 4 per cents. 
= £235 -f £5 - £240. Amount obtained from 
.sale of Consols = 94 x £90 = £8460. Bant, £240 
income from 4 per cents, requires £(240 x iOO 




4) stock = £6000 stocE. Hence £6000 sC~\ i 
costs £8460. Therefore £100 stock costs £846 k>^ 
-60=£141^?w. • ^ 


3. Income from £5775 in the 3 per cents. 
= 57f X £3 = £173J. (The price of the«^tock, 
£99, does not affect tiie question.) Price of the 
3J per cents. — 115i4-J=1154. Therefore, 
since 115J must be invested to produce £3J 
income, the amount which must be invested to 

produce £173^ = £5717 58. Ans. 

4. Net income from each £100 stock — £5 
- 58. = £4 J. To obtain an income of £3 J he has 
to invest £100. The price of the stock is tlio 
amount he has to invest to obtain an income of 
£4}. Hence, 3f : 4J ;; £100 ; Required price. 

Therefore, price = = 126| Ans. 

5. L.C.M. 'of 3£ and 4^, i.e., of and 

is Now, 7 - 6 X 3J, or 5 x 44 . Thus, 
£600 stock in 3J per cents, produces the same 
income as £500 stock in 4 J i)er cents. But £600 
of first costs 6 X £90 =::: £540. Tiierefore £600 
of second stock costs £540, so that ijrice of 
stock = £540 -i- 5 ^ £108 Ans. 

6. I'he income from £90 x 98 in vested in 3J 
j^er cents, at 08 = 90 x £3J -- £315. Similarly, 
the income from 90x98 invested in the other 
stock - 98 X £3 — £294. Thus, when 90 x 98 is 
invested, the income is £21 greater in the first 
disc. If, then, the income is £15 greater, the 

, . , J . £90x98x 15 A 

amount invested is - - — --£6300. Ans» 


7. The change in income is that due to 
investing £4131 in 5} per cents, at 119 instead 
of in 3J per cents, at 102. The income in the 

first of these cases is = £182J. In 

the second case it is £i?.?f -.= £141 1, 

Hence ho increases his total income by £182| 
-£141J^£40 lOs. 


8i»4Tis income ^ 25 x £3 — £75. If all his 
money was invested in the 3J per cents., his 

income would be ^ This is., 

lOoJ 

£3;f!I greater than his actual income. Next, the j 
L.C:M. of £103J and £140 is found to be £4340. J 
This sum, invested in SJ per cents, gives an, 
income of 42 x £3J — £136 j. The same sum 
invested in 4 per cents, gives 31 x £4 — £124. 
Thus, by investing £4340 in 4 per cents, instead 
of 3} per cents., the imsome would be reduced by 
£ 124 . W'e have to find how much must bo 
invested in 4 per cents, to reduce the income 
by £3i||. Thus, 12i : 3^:1 ; ; £4340 : Required 
amount. 

. r> • J '4. x‘4340 X 225 X 2 

^ 62 X 25 


Hence, £1260 is invested in 4 per cents, at 140, 
giving £900 stock ; and the remaining £1240 is 
invested in 3}: per cents, at lO'^^^^iving £1200 
stock. The answer is, therefore, £900 of 4 per 
cents, and £1200 o5 3J per cents. 

H. J. ALLPORT 
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TflE SIMPLEST BOOK OF KNOWLEDGE 

EVER WRITTEN 

• 

No other magazine surveys the lield of human knowledge so widely as the Children's Magazine. 
In language that reads like a story, the things th^t all should know are told by men who believe 
in the purpose of Nature, and in the universal brotherhood of Life. Here is a brief analysis of the 

CONTENTS OF ONE ISSUE OF THE CHILDREN’S MAGAZINT 


The Long Ato 

M \(;nifi<’i;n( r. <>j tjh: antiknt woki-m. \Vh:it Rdhu' 
liK<‘ ill its ^Mi'aliK ss ; its jriO.OiKt niaiLI*' roluiuii^. 

TMK IIKST MOMK OK A! \ \ . A "oiM lu-toH* 

lii>tuiy -liKW iiiati niadi' his lioint' in a cav'. 

THK LOST i'(^ntim:nT. AlO \v<‘ DM till' evr of liiKliiiij it 
WHEN 'i Jiiau; nm in; no hooks. How storh's and ''Oiiu'^ 
AMMO f<|>it'ad alioiit fin* woild IhIoio thr day" oi Looks 

NIAV NIM.NMIS AND MMlYLoNS. I .ay iim t hr follinlal ioll'^ 

ol iti'W iirosix'i ily on thr >itr.s of tin ''Hold «minii--;. 

Nature 

TIIK M.MIVKLMM S 1'0\\ KK oK St'NSllIM . I hr “ lloisr- 
powrr ” that boats down \ipon our ^.trrrts and riiii-' to w.i-^lr. 

NKAN MNIiS OK 1,I\1\0 TIUNOS. IloW do tiny roiuo into 
thr \roiM ? NN hirh « aiur lirst tin* In n or tlir I 'iu Y 

TMK, liLooM ON A liKtiM-:. What Ihi-^ boaiitiuil tliini' i^. 
Countries 

AMVsstMA. Thr r.iptuir ot Kilo.! Tlirodtirr's loltroSS. 
A.MKincv. Makiiii! thr ran.ini.i I'.in.t . 

MiilTisn Xow mai»s from whirh Ifoys and oiiH ran 

oa'^ily ti'.arr thrir way about. 

Ht.V.NCK. How thr Frondi jK'oph' ohattrrd tln ir tinn*. 
(tKKMANY. Thr liliud ol tiortlio. 'I’ln* iail''i<' ol Itarh. 
,si.>i ir^ ut thr Rliinr. 

IM'iv. i-Arititi'j! advontnrrs with wild .animals in hnlia. 
ITAf.V. What Ronir is liKr, with iintnrs-,i\-r pjrtiiir^. 
MVMIllinV. Litr III a pla'.nir-,‘,t lirkril land; .1 propir 

sri/,t d \Mlli (rrtor. 

Ill Ssl V. Tlir jiibilrr of R il-.-i.iii llordom 
Tl KKKY. Wlial s( i<-||rr |s doilOJ! lor a I’dbh' kind. 

Literature 

BTOUY OK KNOI.ISU LOOKS. IloW Ellitloll lil< l.dilir hroan .“ 
ilio firrinniii^! ol a inwv .s-rirs. 

LKUKNDS OF THi; IIIIINK. StofiiS of tho rir.at watriw.iy of 
Eliropr III llio Middl(“ \'!rs 

\MI \T ooliTiir. ’1 iioi (.11 1 ’ Hrrmany’s {rir.itof thiiiKor. 

Till' l.oVK.-STOKY OF Till; AAoin.h. I lir -^toiv ol ('lipid and 

lUyrlir hr.ailtiln'ly 

Kolo UT liKoNSMNO Lr.adilo' id( as 1101. 1 Ins porm, 

1’01,'lllA r.K.'^soNs. I'.i’^hl liir.il poriil-., With llll lodm I I- 'OS. 

Animal Life 

MVN AMO TMK IMAST .siM.II HASIH'O. Wha.t JiaplMii. 
whrii a man nn “Is :i lion Mati’-^ t ' niiaph over wild t ir,iti..n 
A M.\A 1 A» T \Hiii 'I' iiMiis How tiny fr.-ir tin- --nlt- 
mariin’, .uni s<imr roii-.ci|i;( M( r j. 

A 111 NOin.O MILI.ION l.\l'\ ItIKOS lio\v 1 \'?o men air'to 
o.atrh tliom ia<t asirrp and what tiny will do with thorn. 

TMK llAniTv ol’ \NtM\I,s Many rxiitiim still n-s llimwinr 
lirht on tin- naliiir ;unl litr (ii .inim.ds. 

Sociology 

Till'; vM.i:: (tr \ ovv’s woi:k. Tlo- loss in\ol\..| l.y a 

day's sh kiirs^, m tin* Fiiilrd Knmdom. 

Tin; SK.citrcY ok THi: HM.I.oT. What h.ippi ns 1 «j tin- 
aft-i’r a “rnoial t Irri ton, 

MOW SMoKi; in INS I CITY. Its frriibir i Ih-ol on litr ainl 
trade ami projioity in London. 

Astronomy 

KAKTH ANO SUN. Were tiny alw.iys '.Ki million mile - aw.iy 
AMIY Tin; Cl.OUkS WKHK. SIOI’IT.)) IN IKVNCi;. How 
Fianor adopted Lnnlisli time. 

SKY MijOTO(iliAi'iiS. \ now ramorii whirh moasiiirs di^l.nirr. 

Good Coun.sel 

THi; llllill OIONITY OF lAlioni. 'Ilir\ahloo| all tllir Work. 
THi; Wl'AIUNKss Ol’ 1M>I\(; NoTlIINa; .V t.ilr slioW la;^ hoW 
painlul dmiiu nothin.! i^. 

NiTliilNO IS iMi’ossini r,. A brautiliil skory showim.' In»w' 
a thiiii! \\r think impo-,ahli' is just a little h(.\ond U' 

History 

Tin; .mi;n WHO Tin: \si Ki;ii M, vKM V(i Life in ihr monas- 
tr'ir^ I’.rdi- ;ind tin* llihlr ; ( ‘ardmon .and his .Soinrtd ('loatioii ^ 


\ N ation’s nisi 1 lioM SI, A VI IF?. .1 nhilrf' of K nssian freedom 
A liN-Fini’K IN Tin; iii^poka ok tiii; woin.i). A stranyi 

oxamidr ol how little Ihin-js chanm’ histoiy. 

Tin; (’oMiNo OK 'rinnsTi AMTY. * 

nni AKi M or n ai'OI.i.on’s moavkk. Tln^ dramain story 
of A'elsoii’.s pnisiiit and dele, it .)1 N.ipoleon. 

Physics 4 «:•’> 

CAN ANVTilINC OKT IHia: oK ( : Iv A V 11' ATf ON V TIoW is l1 
Hull coal r.is (.III esc, ape lioiii Hk’ e.ilHi .' 

AAMY SoMK TinN(.s 111 NO ASI> OTIIIUS UiniAK. ^imI>It 
suy.^i a Kills .ahoiil tills. 

I'Ol.s KM.UCY niK AAA AY Y What hi ( (lines nl^ tlUj etn'lTjy 
spent III ki. km<! .i loot l-.all 

Tin; M AHA I 1 . 1,01 s Mowni ok c; as. IIoav an aiiship houmaal 
like ,i hall ,0 sca. 

Invention and Achievement 

KLYINO. r.ilkni'j: tiom an aii.diip , Hie lirst fh“hi o\ei ,j 
hesierrd city 

Mow S(Mi Nci; III M’S .ii s'l’icK. \ new' di.-eoveiy d i/ie.it 
v.'ilne in (leteetiini hum, in Moo(Lt.iins. 

SHALT. \A K TALK TO ANA Will in',.' Tlir .ima/.illi! pld^rrS: 
ol thr fciciYiaph and LT plioiir sp. .ikiied wiHiotil wiies. 
MI'.ASI HIM. I'lsr A\c| \ new Jiowri |oi’ thr camria. 

HOW All N in'MOAi; MOINTAINS. 'I'lie met hods ol cse.l V.lt ill!; 
the bed m \A liieh 1 III' \tlailtieand I'.'iellic (Tee.ails will lin'rt 

Travel * 

A iniM'. 'I'O I’OiA N I h“ |"y 'll it to a 111, in W illl his i yi'-,, np al 
HOW A SHIM I.OKS 1 I's’i’Allts \ -liiiple e\ plaiiat loM of Hli 
lo(‘ks ot thr i':in,am.i C.an.il. AAlirir tlir ships (liml) a h(‘i!!hl 
ol so h‘ct and dow n a“.i in. 

Till, KIFKl'T or .lOIMNO TWO OCIIANS. IloW Hie I’aiLlIU: 
Can. (I will short' II di-tanei lor lia\i'IU'rs. ^ 

Chemistry 

'IHK. coLol KS IN Tin: Mi:i . IloW th'>y ai(‘ made. 

AAILL Tin: LAST MW C ASM Foil AlIl? Tt luiS lon« hei'l 

thoui'ht Ih.il "AyM' ti will h-’ iiscl up. Why llin not so. 

AAiiY IS A nosi in h Y Th'* ipieslion of eoloiir in jIo wts 

Biography 

I.II K.STOIIY o, |"ini Nl LSON Wlial hr did for Ihjrlaii'l 

* Phy.siology and Health ^ 

A Hoi SK, THAT HI li.l's ITSKI K. 'l'li<' body as a bolls'* 
A'llAT HAl'I'LNS •' • : V \A F. l'.in: ATIIK. V lieW dls("\. \ 

lU I lie SI iriic- "I l.K .|I hull!. * 

|S Till', MLOOI) ALiAi: { I he milllom of 1 iur (clL in il 
tin; in idiu' on K ' of a ii i a an lif K. V l udy ol nn lumy 
.IS ;i sy.siein, willi mdnon.s > : ; ‘.AMon-ln^.'es .n whieli fart' and 
thoiM.-dil ' lie stole ! 

nilsT Ain. \ a.-s.iM in .stoppii,'.. bleed. lU'. 

TIM. AAIIKK oK 'lIli: 1.1! AIN. Ho', tin’ milid eonil'ols Illl 
.’ima/.ne4 maelmn iy of the Unm.in I" dy. 

I'HAsK AL hull. I, .\ rymiiasiie e\ii.ise tor .i boy 

Observation Lessons 

W luit Hie hltle liiiL'ei post- on the 1. Illway mean. W Iiy ; 
r;i'-Miii' luis :in .ni -bol'' N\ li.’y' met.ils s met Hues liaiii! o'l 
tcl( iri.ipli wiiC'. Wliy :» puce lU be.alln'i is somi'lini' s iic(' 
lo ,a haiei'. 'I lie nn ailin'-! "I L.is|ta ( i!;!s md Imt (aoss buns 
'I'weiiiy picfiites ol puls ol iliiii',*'' wc al know, It si inn tin 
'now I ol id( nt itieal Ion .and i < et .'-rnit ion. 

Miscellaneous Subjects 

\ i.rm.i; mi \a “ I'lii- .''e.neli loi *i ILippy Mort;il.’' 

II AM'ICI! A F'W. M.ikiii'-! .'I .l.aeob’’. I;id(ler Irom juiper 
makinir .i coaci toi a 'Ire^sin'-^-lal'Ie 

IKI.NCH. \ njii'iue s| ,,, y .,ii,i K.u.ai y with J'hiKdisIi ai.' 
I'tein il III p.irallel I'olilmiis, .uni .1 dielloiiaiy. 

MWic. Wh.it t'> iemrml"'i wln n hst(*niii '4 to Ibrnh 
new .soni! w:ih music. 

dka^ai.m;. II'aa lo (haw what W'' na*. la ssous in draw 
hiig by one ot the he-.l te.ieh'Ts in I'hiL'Iainl. 

Li;sS 0 NS jolt M 1;Y YuI no t HII.nitF.N. .T,so]»’s F.ahle 
AAitli(oi"Ui I'lelui' - . oii'jinal Niii'seiy llliyiin-s and Tak's 


THE CHILDREH’S MACAZIHE LIES SIDE Bt SIDE WITH THIS ON THE EDOKSTALL- T I 



YOUR CHILDREN’S! KINGDOM ‘ 

fitting’ yourstHf for your work in the world : what are you* 
doin^ for your ehildren ( Will you help those' who wish to make 
the world, for every hoy and ^^irl, a kingdom oi enehantinent and deli^l,d { 

jr is a sublime and wonderfui thin**-, the vision ot a littlij ehihl 
trusting the heart of the great world, believinfi^ in the Tni verse, 
Iimoetmeei smiling at tlu' .lntinitt‘. Hut it is a solemn and tc^rribh* 
thing, too, Th(' trustbdness of a eliild in the sincerity of those about 
it, in the d’C'lation of alk things to its own wi'll being, in natural justice 
and human goodness, is one* of fh(‘ things that should mak(^ us paus(\ 

W'. s^hould I(Nid the chfidren into the paths of happiness: w(' should 
teach them that happiiu‘ss li(‘s not nu'rc'ly in the knowledge c^f 
bow to g(d a living but in tlu' kno\vl(‘dg(‘ of how to live*. 'I'hev should 
find joy in tlu' b(‘st stori(‘s, thought in the best books, b(‘auty in tlu‘ 
best picturis, passion in the lH‘st music, |>o(^try in all things, 'fhev 
should timl revermua* in Nature, and womha* in their own livts. 
'I'hey should tind about them tlu^ im^ans to brighttui life and kimlle 
thought ; they should la* surroiimled with su(*h intlu(Mu*es as will traii^j 
tluan to live, in Ijonl Morh y's |»hnise, in wise thoughts and right feelings. 

should liv<\ in a word, in flu* kingd<un wlu*r(' cuiduring 
happiness is fouml. Hiey should learn to look u|)(m life as the 
best- m(*n, tlu' best woim n, hav(' looker! u|a)n it. The (bildr(‘n’s 
.Magazine, tln^ little^ companion to the S(‘lf Kducator, has comi‘ to 
guid(‘ them in these pheasant ways, to la* tlu* companion and inspiia*)* 
of childhood. It will not make them little encyclo|)jedias : it seeks 
t<rmake thll^m geiitlemcu and genth‘Womcn, n asoning and r(*asonablc 
members of the human family. 

Yo*!*' uiagazilit*, with its wealth of pi<*t urc s and its lit tie newspap(*r, 
is only sevenpen<*<‘ : it is the ch(*apest thing; that you can buy. 


THE PASS INTO THE CHILDREN’S KINGDOM GIVE THIS TO YOUR 
^ NEWSAGENT AND RECEIVE A HALF=GUINEA PRESENT 


1 THE MOST WONDERFUI THING THAT SEVENPENCE CAN BUY IN 

THE WORLD 1 

1 This form a'il! hr'lng to your door, wherever you live, the best children's picture, the best children s magazine, 

1 the best children's newspaper in the world. 
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